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Wellcovorin Tablets are dramatically improving the way 
patients are rescued. Often discharged from the hospital 
earlier, more patients are } completing their therapy on an 

outpatient basis and 
returning to a more ( 
normal, comfortable 
lifestyle sooner. 
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WELLCOVORIN TABLETS 


(leucovorin calcium) 


For thousands of patients, Wellcovorin Tablets have provided the 
critical blood levels needed for life-saving rescue. The unique 
formulation of Wellcovorin Tablets has been shown to be completely 
bioavailable in a bioavailability study of 120 normal volunteers. 
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Wellcovorin Tablets have reduced the cost of leucovorin rescue 
significantly. Before Wellcovorin Tablets, the cost of leucovorin 
increased rapidly and consistently every year. Now, patients pay 
less for Wellcovorin Tablets, and often realize considerable 
savings from a reduction in hospital stays and clinic visits. 


For greater flexibility in oral dosing, Wellcovorin Tablets are 
available in two sizes: 5 mg (scored, bottles of 20 or 100) and 
25 mg (scored, bottles of 25). 
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Before prescribing WELLCOVORIN® Tablets, please consult 
complete prescribing information. The following is a brief 
summary. 
INDICATIONS AND USAGE: Wellcovorin (leucovorin 
calcium) is indicated for the prophylaxis and treatment of un- 
desired hematopoietic effects of folic acid antagonists (see 
WARNINGS). 
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progressive. 
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raise the colorectal 
cancer cure rate. 





“If everyone over 50 had 
checkups for colorectal 
cancer, the cure rate could be 
as high as 75%, says Dr 
LaSalle D. Leffall, Jr., past 
president, American Cancer 
Society. “You can't cure it il 
you don't know you have if’ 
But if it's detected early, the 
cure rate for colorectal cancer 
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perform the digital and 
proctoscopic exams, and you 
take care of the simple stool 
blood test at home 

Since men and women are 
equally affected by this disease, 
we urge everyone Over 50 t0 
get regular checkups 

The warning signs for 
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in bowel habits and blood in 
the stool 

People with a family history 
of colon or rectal cancer or 
ulcerative colitis are at higher 
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doubly cautious 


Checkup Guidelines for 
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without symptoms 
e digital exam annually 
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vears after 2 negative tests 
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Now, young red cells can be routinely 
used to improve the management 
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by decreasing the transfusion require- 
ment and the rate of iron loading, 
or whenever the best red cell product 
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e Virtually all patients benefit: 
89% improved, 11% 
stabilized. 


e Effective in all stages of 
disease. 


The Roferon-A multicenter study consisted of 96 patients, all of 
whom were evaluated for safety Seventy-five patients were 
evaluable for efficacy. Of these, 57 had pnor splenectomy and 
18 had not; many were pancytopenic and transfusion-depen 
dent. Of the 21 patients not evaluable for efficacy, 16 were not 
on drug long enough for efficacy evaluation at the time of data 
analysis, 2 were removed for administrative reasons, and 3 
were removed for preexisting intercurrent illness 


*Multicenter Study, Data on file, Hoffmann-La Roche Inc., Nutley, N) 
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Copynght © 1987 by Hoffmann-La Roche Inc. All nights reserved 


Duration of Treatment (Months) 


e As blood parameters 
normalize, there is a 
concurrent decrease in 


peripheral blood hairy 
cells. 








Virtually eliminate 
¥ opportunistic infections 
e Key disease-fighting elements are restored 
with normalization of blood counts. 
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. Please see summary of product information on following page 


ROFERON’-A 
Interferon alfa-2a, recombinant/Roche 


Before prescribing, please consult complete product information, a 
summary of which follows: 


CONTRAINDICATIONS: Hypersensitivity to alfa interferon, mouse 
mmunogionuln or any component of the product. 
WARNINGS: Administer only under guidance of qualified physician. 
(See DOSAGE AND ADMINISTRATION.) Appropriate management of 
therapy and its complications is possibie only when adequate diagnostic 
and treatment facilities are readily available. 
Use with caution in patients with severe preexisting cardiac disease, 
severe renal or hepatic disease, seizure disorders and/or compromised 
CNS function. 
Because of the possibility of severe or even fatal adverse reactions, 
inform patients of both benefits and risks. 
Use with caution in patients with cardiac disease or any history of cardiac 
illness. No direct cardiotoxic effect has been demonstrated, but it is likely 
that acute, self-limited toxicities (/.e., fever, chills) frequently associated 
with administration may exacerbate preexisting cardiac conditions. 
Rarely, myocardial infarction has occurred. 
Exercise caution in administration to patients with myelosuppression. 
CNS adverse reactions included decreased mental status, exaggerated 
CNS function, dizziness. More severe obtundation and coma rarely 
observed. Most of these abnormalities were mild and reversible within 
a few days to three weeks upon dose reduction or discontinuation of 
therapy. Careful periodic neuropsychiatric monitoring of all patients 
recommended. 
Leukopenia and elevation of hepatic enzymes occurred frequently but 
were rarely dose-limiting. Thrombocytopenia occurred less frequently. 
Proteinuria and increased cells in urinary sediment were also seen infre- 
quently. Rarely, significant hepatic, renal and myelosuppressive toxicities 
were noted. 
PRECAUTIONS: General: When considering for chemotherapy, evaluate 
need and usefulness of the drug against risk of adverse reactions. Most 
adverse reactions are reversible if detected early. If severe reactions 
occur, reduce dosage or discontinue drug and take appropriate corrective 
measures. Reinstitute therapy with caution and with adequate consider- 
ation of the further need for the drug and alertness to possible recurrence 
of toxicity. 
The minimum effective dose in hairy cell leukemia not established. 
information for Patient: Caution patients not to change brands of 
Interferon without medical consultation, as a change in dosage may 
result. Inform patients regarding potential benefits and risks. If home use 
is desirable, give instructions on appropriate use, including review of the 
Patient information Sheet. Patients should be well hydrated, especially 
during initial stages of treatment. 
Laboratory Tests: Complete blood counts and liver function tests should 
be performed prior to therapy and at appropriate periods during therapy. 
Since responses are not generally observed for one to three months 
after treatment initiation, very careful monitoring for severe depression of 
blood cell counts is warranted during the initial phase. 
Patients who have preexisting cardiac abnormalities and/or are in 
advanced stages of cancer should have electrocardiograms taken prior 
to and during treatment. 
Carcinogenesis, Mutagenesis and Impairment of Fertility: Carcino- 
enesis: Roferon-A has not been tested for carcinogenic potential. 
lutagenesis: A. Internal studies. Ames test results revealed no evidence 
of mutagenicity. Human lymphocyte cultures were treated in vitro at 
noncytotoxic concentrations. No increase in chromosomal damage noted. 
B. Published studies. No published studies on mutagenic potential. How- 
ever, a number of studies on the genotoxicity of human leukocyte inter- 
feron have been reported. A chromosomal defect has been reported 
after the addition of human leukocyte interferon to lymphocyte cultures 
from a patient suffering from a lymphoproliferative disorder. Other studies 
have failed to detect chromosomal abnormalities following treatment of 
lymphocyte cultures from healthy volunteers with human leukocyte 
interferon. Protection from chromosomal aberrations produced by 
gamma rays observed in primary chick embryo fibroblasts. 
impairment of Fertility: Nonpregnant female rhesus monkeys treated at 
doses of 5 and 25 million 1U/kg/day have shown menstrual cycle irregu- 
larities, including prolonged or shortened menstrual periods and erratic 
bleeding; these cycles were considered to be anovulatory. Monkeys 
returned to a normal menstrual rhythm following discontinuation of 
treatment. 
Drug interactions: Not fully evaluated. 
PREGNANCY: Pregnancy Category C. Safe use in human pregnancy 
not established. Therefore, use during pregnancy only if potential benefit 
justifies potential risk to fetus. Primate studies showed dose-related 
menstrual irregularities and an increased incidence of spontaneous 
abortions. Decreases in serum estradiol and progesterone concentra- 
tions reported in women treated with human leukocyte interferon. There- 
fore, fertile women should not receive Roferon-A unless they are using 
effective contraception during therapy. Male fertility and teratologic eval- 
uations have yielded no significant adverse effects. 
Nursing Mothers: It is not known whether this drug is excreted in human 
milk. Because many drugs are excreted in human milk and because of 
the potential for serious adverse reactions in nursing infants, a decision 
should be made whether to discontinue nursing or the drug, taking into 
account the importance of the drug to the mother. 


ROFERON’-A 
interferon alfa-2a, recombinant/Roche 


Pediatric Use: Safety and effectiveness in children under 18 not 
established. 

ADVERSE REACTIONS: The folowing data on adverse reactions are 
based on the SC or IM administration of Roferon-A as a single agent for 
the treatment of 63 patients with hairy cell leukemia during investigational 
triats in the U.S. 

Flu-like syndromes consisting of fatigue (89%), fever (98%), chills (64%), 
myalgias (73%). headache (71%) occurred in the majority of patients and 
tended to diminish with continuing therapy. Other side effects such as 
anorexia (46%). nausea (32%), enesis (10%), diarrhea (29%), dizziness 
{21%), rash (18%), cha in taste (13%), dryness or inflammation of the 
oropharynx (16%), dry skin or pruritus (13%), weight loss (14%) were 
observed with moderate frequency. Less commonly, diaphoresis (8%), 
paresthesias (6%), numbness (6%), partial alopecia (8%), reactivation of 
herpes labialis (8%), transient impotence (6%), arthralgias (5%) were 
also observed. Rarely (<3%), CNS effects including decreased mental 
status, depression, visual disturbances, sleep disturbances, nervous- 
ness, as well as cardiac adverse events, clergy hypertension, chest 
pain, arrhythmias, palpitations, were reported. À experiences 
which occurred rarely and may heve been related to underlying disease 
included epistaxis, bleeding gums, ecchymosis, petechiae. Miscella- 
neous adverse events, such as night sweats, urticaria, conjunctivitis, 
inflammation at the site of injection, were also rarely observed. 
Roferon-A has also been evaluated for the treatment of many other types. 
of cancer under investigation in the U.S. These studies generally utilized 
higher doses (12 to 50 million IU/m?). All of the above adverse reactions 
which occurred n patients with hairy cell leukemia were also observed in 
patients receiving higher doses. The incidence of most adverse reactions 
was similar between the two groups, but tendec to be more severe in the 
higher dosage group. Additional adverse effects which occurred in these 
patients included confusion {10%} hypotension. (6%), jethargy (3%), 
edema (3%). Adverse experiences occurring in jess than 1% of these 
patients and observed only in patients with malignancies other than hairy 
cell leukemia are as follows: GI: aodominal fullness, hypermotility, hepa- 
titis; CNS: gait disturbance, poor coordination, hallucinations, syncope, 
seizures, encephalopathy, psychcrmotor retardation, coma, stroke, tran- 
sient ischemic attacks, aphasia, aphonia, dysarthria, dysphasia, torget- 
fulness, amnesia, sedation, apathy, anxiety, emotional lability. irritability, 
hyperactivity, involuntary movements, claustrophobia, loss of libido: 
Peripheral Nervous System: muscle contractions; Cardiovascular: con- 
gestive heart failure, pulmonary edema, myocardial infarction, Raynaud's 
phenomenon, hot flashes; Pulmonary: bronchospasm, tachypnea: Mis- 
cellaneous: excessive salivation, tushing of skin. 

Abnormal Laboratory Test Values. The percentages of abnormal tabora- 
tory test values seen in 1019 patients evaluated in overall safety tials 
{including hairy cell leukemia patients) are: Hematologic: leukopenia 
(69%), neutropenia (58%), thrombocytopenia (42%), decreased hemo- 
globin (6.3%), decreased hematocrit (12.5%); mean time to nadir 
WBC--22 days, platelets—17 days. Hepatic: SGOT (78%), alkaline phos- 
phatase (48%), LDH (47%), bilirubin (31%). Reral/Urinary: BUN (10%), 
serum creatinine (10%), uric acid (15%), proteinuria (25%). Other Tests: 
hypocalcemia (51%), elevated serum glucose (39%), elevated serum 
phosphorus (17%). 

Neutralizing antibodies were detected in approximately 27% of aii 
patients (3.4% for hairy cell leukemia patients). No clinical sequelae of 
their presence have been documented. Antibodies may occur spontane- 
ously in certain clinical conditions. 

DOSAGE AND ADMINISTRATION: Hairy Cell Leukemia— The cose of 
Roferon-A is 3 million IU daily for 16 to 24 weeks, administered as an SC 
or IM injection. SC administration ‘s particularly advisable for, but not 
limited to, thrombocytopenic patients (platelet count < 50,000} or far 
patients at risk for bleeding. The recommended maintenance dose is 

3 million IU, 3 times/week. Dosage reduction by one-half or withholding 
of individual doses may be needed when severe adverse reactions occur. 
The use of doses higher than 3 mitiion IU is not recommended. Treatment 
should be continued for 6 months sefore determining whether to discon- 
tinue therapy in nonresponding patients. The optimal duration of treat- 
ment has not been determined in responding patients. If severe reactions 
occur, modify dosage (50% reduction) or temporarily discontinue therapy 
until adverse reactions abate, The need for dosage reduction should 
take into account the effects of prior X-ray therapy or chemotherapy that 
may have compromised bone marrow reserve. 

HOW SUPPLIED: Roferon-A Injectable Solution: Vials containing 3 
million iU Interferon alfa-2a, recombinant/Roche (3 million IU/mL}. Boxes 
of 10 (NDC 0004-1987-01). Roferon-A Injectable: Solution: Vials contain- 
ing 18 million IU interferon alta-2a recombinant Roche (3 million 

1U/0.5 mL). Boxes of 1 (NDC 000<¢-1988-09). Roferon-A Sterile Powder 
for Injection: Viais containing 18 million IU Interferon. alta-2a, recombi- 
nant/Roche, with accompanying duont. Boxes of 1 (NDC 0004-1993-09). 
For reconstitution, storage and handling directions, see complete product 
information. 


ROCHE LABORATORIES 
Division of Hoffmann-La Roche inc. 
- Nutley, New Jersey 07710 Pi 1086 


e 
: promise 


fulfilled 


Restore quality to life 

e Performance status greatly improved 

e 86% of patients gained up to 10% of, 
or maintained, their total body weight 











BRAND OF 


The fourth modality 


Common side effects usually 
self-limiting and manageable 


Initial side effects, such as fever, chills, myalgias, headache 
and fatigue, are self-limiting and generally manageable. Mye 
losuppression, which can occur early in the treatment course 
warrants close clinical and laboratory observation and is 
usually alleviated by dose reduction or temporary discontin 
uation of drug. Roferon-A should be used with caution in 
patients with severe preexisting cardiac disease, severe renal 
or hepatic disease, seizure disorders and/or compromised 
central nervous system function, Persistent fatigue is found to 
be less troublesome with p.m. or h.s. administration 





| SC/IM fixed dosing simple enough 


for self-administration 


Ready-to-Use Injectable Solution 
No mixing or reconstitution necessary 
3 million IU vial (3 million IU/ML) 


18 million IU vial (3 million 1U/0.5 mL) 


Sterile Powder for Injection 
18 million IU vial (3 million [U/0.5 mL) 
3 mL diluent for reconstitution 


Must be refrigerated at temperatures of 36° to 46°F (2° to 
8°C). At no time should Roferon-A Ready-to-Use Injectable 
Solution remain unrefrigerated for more than 24 hours 
The Sterile Powder for Injection should not remain unre 
frigerated for more than 48 hours. Once the powder is 
reconstituted, it should be refrigerated and must be used 
within 30 days. Do not freeze or shake 
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Please see summary of product information on adjacent page 
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Practical applications of flow cytometry demand stable 
and reproducible results. Now, with our Quantitative 
Fluorescein Microbead Standards Kits™, fluorescence and 
size determinations of cells can be compared between 
laboratories and-over time. By using our quantitative kits, 
you can conveniently determine the fluorescence intensity 
of fluorescein-labeled cells. Accurate values, independent 
of instrument, can be achieved, because the excitation 
and emission spectra of our calibrated fluorescein 
microbeads match those of the fluorescein-labeled cell 
samples. 


For further information contact: 


Flow Cytometry Standards Corporation 
PO Box 12621 

Research Triangle Park, NC 27709 
Phone: (919) 967-9345 


FLOW CYTOMETRY STANDARDS CORPORATION ™ 








\UANTITATE FLUORESCENCE 


Quantitative Fluorescein Microbead siandinds Kit * 


Only our Quantitative Fluorescein Microbeads have so 
many unique features and applications: 


@ calibrate your instrument for size to quantitate cell 
surface area, diameter, cross-sectional area and volume 


W calibrate your instrument for fluorescence to quanti- 
tate the number of equivalent soluble fluorescein 
molecules per cell 

€ determine instrument stability to reliably and reprodu- 
cibly measure cell samples over time 

Œ determine instrument noise level to know just how 
sensitive your instrument is 

@ choose the calibration range by selecting either the 
low level (6,000-50,000 equ. sol. fl. mol/microbead) or 
high level (60,000-2,000,000 equ. sol. fl. 
mol/microbead) quantitative kit. 


ALSO AVAILABLE: 


Fluorescent Microbead Alignment Standards “ whose 
fluorescent properties match those of stained cells. Our 
microbeads carry the same dyes used in your 

research: FITC, PE, APC, Texas Red, Hoechst, Propidium 
lodide, Acridine Orange and more! 


VISIT OUR FASEB BOOTH 1461 


ARE YUL 
ISSING 
THE 
VITAL 

PIECES? 
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~ COULTER 
HAS THE SOLUTIO 


Coulter Immunology can help you solve the puzzle. With the broadest line of monoclonal 
bodies, Coulter Immunology provides the tools to solve the puzzle of immune-rel 
disorders. We bring you vital pieces like 2H4 and 4B4, for which there are no eq 
lents. The inducer of help (T4+4B4+ ) and inducer of suppression (14+2H 
are functionally unique subsets of the T4 helper cells. These are availat 
fluorescein and phycoerythrin derivative conjugates for multiple o 
analysis. Ask us for references on these unique antibodies tha 
being used to characterize disease states, such as SLE, 
rheumatoid arthritis, and AIDS. Our broad line includes mg 
clonals for both Tand B lymphocytes, monocytes, natural killer a 
specific activation markers, isotypic controls, and support prod 
We have the pieces you're looking for today. Look for our new COU 
CLONE® monoclonal antibodies to B cell activation antigens coming si 


To order, call 1-800-327-3778 or 1-800-432-6518, Ext. 6880 from Flo 


c 1986 COULTER CORPORA 





All You Need Is Under One Roof: 


Custom designed & manufactured specialized blood processing sets. 


LIKE THE NAUTILUS SHELL, ETHOX 
contains many “chambers”, each available to 
assist you at every stage of the sterile 
disposable development and manufacturing 
process. That's why leading organizations rely 
on Ethox for: 
m Custom design & manufacture. 
m Experimental & limited production quantities. 
m Specialized blood & solution bags. 
E Integrated blood tubing & bag sets 
a Blood bag PVC and other biocompatibility-rested 
and certified materials. 
Like the chambered Nautilus shell, a quarter century of 
Ethox expertise can provide you with the talent, systems, 
facilities & capabilities in the design, development & 
manufacturing of specialized blood processing, 
handling & storage systems. 






p Call today and ask for our free 22-page color catalog. /x 
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7 » TRC/Total Responsibility & Capability 
‘i E M iv Contract Development, Prototyping, Manufacturing, 
A A & EtO Sterilization of Medical Disposables. 
CORP. 


251D Seneca St., Buffalo, NY 14204-2088 e 716-842-4000 





l Read this l 
like your life depends on it. 


Breast cancer found early and your period, when breasts are nor- 
treated promptly has an excellent mal, practise this self-exam. Ask 
chance for cure. About a week after your doctor to teach you this method: 


e 


5 N 


l.In bath or shower. 2.In frontofa mirror. 3.Lying down. 





Fingers flat, move op- Observe breasts. Arms Pillow under right 
posite hand gently over at sides. Raise arms shoulder, right hand 
each breast. Check for high overhead. Any behind head. Left hand 
lumps, hard knots, change in nipples, con- fingers flat, press 
thickening. tours, swelling, dim- gently in small circular 
pling of skin? Palms on motions starting at 
hips: press down 12 o'clock. Make about 
firmly to flex chest three circles moving 
AMERICAN muscles. Breasts donot closer to and including 
CANCER usually match nipple. Reverse and 
SOCIETY” repeat on left 


This space contributed as a put service 
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patients... 


mucositisor $ 
herpes 
simplex? 


Early intervention can prevent or reduce 

HSV complications 

A high percentage of immunocompromised patients are at risk for 
developing HSV infections. Timely therapy with an antiviral agent 
can avoid the incidence of secondary complications, such as visceral 
dissemination, and prolonged hospital stay. 

Appearances may be deceiving 


Both slides are herpes simplex. In immunocompromised patients, 
mucositis and stomatitis that appear to result from radiation 
therapy or immunosuppression may actually be caused by herpes 
simplex. Differential diagnosis can be problematic, but appropriate 
laboratory tests can aid in the determination. 

There is an effective therapeutic agent available 


ZOVIRAX I.V. stops viral replication, speeds healing, and reduces 
pain. It is effective antiviral therapy for treatment of herpes 
simplex viral infections. 


ZOVIRAX IV 


(acyclovir sodium) 
STERILE POWDER /IV. INFUSION 


When the problem begins with a virus, 
end it with an antiviral. 


Please see following page for brief summary of prescribing information. 





ZOVIRAX IN. 


acyclovir sodium) 


STERILE POWDER /IV. INFUSION 


ZOVIRAX® 1.V. INFUSION (acyclovir sodium) sterile powder 
FOR INTRAVENOUS INFUSION ONLY 


INDICATIONS AND USAGE: Zovirax Sterile Powder is indicated for the treatment of initial and recurrent 
mucosal and cutaneous Herpes simplex (HSV-] and HSV-2) infections in immunocompromised adults 
and children. It is also indicated for severe initial clinical episodes of herpes genitalis in patients who 
are not immunocompromised 

These indications are based on the results of several double-blind, placebo-controfled studies 
which evaluated the drug’s effect on virus excretion, complete healing of lesions, and relief of pain. 


Herpes Simplex Infections in Immunocompromised Patients 

A multicenter trial of Zovirax Sterile Powder at a dose of 250 mg/M? every 8 hours (750 mg/M2/day) 
for 7 days was conducted in 97 immunocompromised patients with oro-facial, esophageal, genital 
and other localized infections (50 treated with Zovirax and 47 with placebo). Zovirax significantly 
decreased virus excretion, reduced pain, and promoted scabbing and rapid healing of lesions.123 


Initial Episodes of Herpes Genitalis 

A controlled trial was conducted in 28 patients with severe initial episodes of herpes genitalis with 
a Zovirax dosage of 5 mg/kg every 8 hours for 5 days (12 patients treated with Zovirax and 16 with 
placebo). Significant treatment effects were seen in elimination of virus from lesions and in reduction 
of healing times4 

In a similar study, 15 patients with initial episodes of genital herpes were treated with Zovirax 
5 mg/kg every 8 hours for 5 days and 15 with placebo. Zovirax decreased the duration of viral excretion, 
new lesion formation, duration of vesicles and promoted more rapid heating of all lesions? 
Diagnosis 

The use of appropriate laboratory diagnostic procedures will help to establish the etiologic 
diagnosis. Positive cultures for Herpes simplex virus offer a reliable means for confirmation of the 
diagnosis. in initial episodes of genital herpes, appropriate examinations should be performed to rule 
out other sexually transmitted diseases. Whereas cutaneous lesions associated with Herpes simplex 
infections are often characteristic, the finding of multinucleated giant cells in smears prepared from 
lesion exudate or scrapings may assist in the diagnosis. 


CONTRAINDICATIONS: Zovirax Sterile Powder is contraindicated for patients who develop hypersensi- 
tivity to the drug. 


WARNINGS: Zovirax Sterile Powder is intended for intravenous infusion only. and shouid not be 
administered topically, intramuscularly, orally, subcutaneously or in the eye. Intravenous infusions 
must be given over a period of at least 1 (one) hour to prevent renal tubular damage (see PRECAUTIONS 
and DOSAGE AND ADMINISTRATION). 


PRECAUTIONS: 
General: The recommended dosage, frequency and length of treatment should not be exceeded (See 
DOSAGE AND ADMINISTRATION). 

Although the aqueous solubility of acyclovir sodium (for infusion) is > 100 mg/mi, precipitation of 
acyclovir crystals in renal tubules can occur if the maximum solubility of free acyclovir (2.5 mg/ml at 
37°C in water} is exceeded or if the drug is administered by bolus injection. This complication causes a 
rise in serum creatinine and blood urea nitrogen (BUN), and a decrease in renal creatinine clearance. 
Ensuing rena! tubular damage can produce acute renal failure. 

Abnormal renal function (decreased creatinine clearance) can occur as a result of acyclovir 
administration and depends on the state of the patient's hydration, other treatments, and the rate of 
drug administration. Bolus administration of the drug leads te a 10% incidence of renal dysfunction, 
while in controlled studies, infusion of 5 mg/kg (250 mg/M?) over an hour was associated with a lower 
frequency — 4.6%. Concomitant use of other nephrotoxic drugs. pre-existing renal disease, and 
dehydration make further renal impairment with acyclovir more likely. in most instances, alterations of 
renal function were transient and resolved spontaneously or with improvement of water and electrolyte 
balance, drug dosage adjustment or discontinuation of drug administration. However, in some 
instances, these changes may progress to acute renal failure. 

Administration of Zovirax by intravenous infusion must be accompanied by adequate hydration 
Since maximum urine concentration occurs within the first 2 hours following infusion, particular 
attention should be given to establishing sufficient urine flow during that period in order to prevent 
precipitation in renal tubules. 

When dosage adjustments are required they should be based on estimated creatinine clearance 
(See DOSAGE AND ADMINISTRATION). 

Approximately 1% of patients receiving intravenous acyclovir have manifested encephalopathic 
changes characterized by either lethargy, obtundation. tremors, confusion, hailucinations. agitation, 
seizures or coma. Zovirax should be used with caution in those patients who have underlying 
neurologic abnormalities and those with serious renal, hepatic, or electrolyte abnormalities or 
significant hypoxia. It should also be used with caution in patients who have manifested prior 
neurologic reactions to cytotoxic drugs or those receiving concomitant intrathecal methotrexate or 
interferon. 

Exposure of HSV isolates to acyclovir in vitro can lead to the emergence of less sensitive viruses 
These viruses usually are deficient in thymidine kinase (required for acyclovir activation) and are less 
pathogenic in animals. Simiiar isolates have been observed in 6 severely immunocompromised 
patients during the course of controlled and uncontrolled studies of intravenously administered 
Zovirax. These occurred in patients with congenital severe combined immunodeficiencies or following 
bone marrow transplantation. The presence of these viruses was not associated with a worsening of 
clinical illness and, in some instances, the virus disappeared spontaneously. The possibility of the 
appearance of less sensitive viruses must be borne in mind when treating such patients. The 
relationship between the in vitro sensitivity of herpesviruses to acyclovir and clinical response to 
therapy has yet to be established. 


Orug Interactions: Co-administration of probenecid with acyclovir has been shown to increase the 
mean half-life and the area under the concentration-time curve. Urinary excretion and renal clearance 
were correspondingly reduced. Clinical experience has identified no other significant interactions 
resulting from administration of other drugs concomitantly with Zovirax Sterile Powder. 


Carcinogenesis, Mutagenesis, Impairment of Fertility: Acyclovir was tested in lifetime bioassays in 
rats and mice at single daily doses of 50, 150 and 450 mg/kg given by gavage. There was no 
statistically signiticant difference in the incidence of tumors between treated and control animals, nor 
did acyclovir appear to shorten the latency of tumors. In 2 in vitro cell transformation assays, used to 
provide preliminary assessment of potential oncogenicity in advance of these more definitive lifetime 
bioassays in rodents, conflicting results were obtained. Acyclovir was positive at the highest dose used 


in one system and the resulting morphologically transtormed cells fermed tumors when inoculated into 
il asia syngeneic, weanling mice. Acyclovir was negative in another transformation 
system. 

No chromosome damage was observed at maximum tolerated parenteral doses of 190 mg/kg 
acyclovir ia rats or Chinese hamsters: higher doses of 500 and 1000 mg/kg were clastogenic in 
Chinese hamsters. in addition, no activity was found in a dominaat lethal study in mice. in 9 of 11 
microbial and mammalian cell assays, no evidence of mutagenicity was observed. In 2 mammalian 
cell assays (human lymohocytes and L5178Y mouse lymphoma cells in vitro), positive responses for 
mutagenicity and chromosomal damage occurred, but only at concentrations at least 25 times the 
acyclovir plasma ievels achieved in man. 

Acyclovir does not impair fertility or reproduction in mice at oral doses up to 450 mg/kg/day. In 
female rabbits treated subcutaneously with acyclovir subsequent te mating, there was a statistically 
significant decrease in implantation efficiency but no concomitant decrease in litter size at a dose of 
50 mg/kg/day. 

Pregnancy: Teratogenic Effects. Pregnancy Category C. Acyclovir was not teratogenic in the mouse 
(450 mg/kg/day. p.0.), rabbit (50 mg/kg/day, s.c.} or rat (50 mg/kgiday, s.c). 

Although maximum telerated doses were tested in teratology studies, the plasma levels obtained 
did not exaggerate maximum plasma levels that might occur with clinica! use of intravenous.acyclovir. 

There have been no adequate and well-controlled studies in pregnant women. Acyclovir should be 
used during pregnancy only if the potential benefit justifies the potential risk to the fetus. 

Nursing Mothers: it is not known whether this drug is excreted in human milk. Because many drugs 
are excreted in human milk, caution should be exercised when Zovirax {acyclovir sodium) sterile 
powder is administered to a nursing woman. 


ADVERSE REACTIONS: The most frequent adverse reactions reported-during controlled clinical trials of 
Zovirax in 64 patients were inflammation or phlebitis at the injectian site following infiltration of the 
LV. fluid in 9 (14.0%), transient elevations of serum creatinine in 3 (4.7%), and rash or hives in 3 
(4.7%). Less frequent adverse reactions were ciaphoresis, hematuria, hypotension, headache and 
nausea, each of which occurred in 1 patient (1.6%). Of the 63 patients receiving placebo, 3 (4.8%) 
experienced inflammation/phiebitis and 3 (4.8%! experienced rash or itching. Hematuria and nausea 
were experienced by placebo recipients at the same frequency. 

Among 51 immunocompromised patients, one, a bone marrow transplant recipient with pneumo- 
nitis, developed seizures. cerebral edema, coma and expired with changes consistent with cerebral 
anoxia on postmortem biopsy, another immunccompromised patient exhibited coarse tremor and 
clonus. 

Additional adverse reactions were reported in uncontrolled trials, The most frequent adverse 
reaction was elevated serum creatinine. This occurred in 9.8 percent of patients, usually following 
rapid (less than 10 minutes) intravenous infusion. Less frequent adverse experiences were thrombocy- 
tosis and jitters, each in 0.4% of patients. 

Approximately 1% of patients receiving intravenous acyclovir have manifested encephalopathic 
changes characterized by either lethargy, obtundation, tremors, confusion, hallucinations, agitation, 
seizures or coma (see PRECAUTIONS). 


OVERDOSAGE: Overdosage has been reported following administratian of bolus injections, or inappro- 
priately high doses, and n patients whose fluid and electrolyte balance was not properly monitored. 
This has resulted in elevations in BUN, serum creatinine and subsequent renal failure. 

Precipitation of acyclovir in renal tubules may occur when the solubility (2.5 mg/m} in the 
intratubuiar fluid is exceeded (see PRECAUTIONS). A six hour hemodialysis results in a 60% decrease 
in plasma acyclovir concentration. Data concerning peritoneal dialysis are incomplete but indicate 
that this method may be significantly less efficient in removing acyclovir from the blood. In the event of 
acute renal failure and anuria, the patient may benefit from hemodialysis until renal function is 
restored (see DOSAGE AND ADMINISTRATION). 


DOSAGE AND ADMINISTRATION: CAUTION — RAPID OR BOLUS INTRAVENOUS AND INTRAMUSCULAR 
OR SUBCUTANEOUS INJECTION MUST BE AVOIDED. 

Dosage: MUCOSAL AND CUTANEOUS HERPES SIMPLEX (HSV-1 and HSV-2) INFECTIONS IN MUNO- 
COMPROMISED PATIENTS —5 mg/kg infused at a constant rate over 1 hour, every 8 hours 
(15 mg/kg/day} for 7 days in adult patients with normal renal function. In children under 12 years of 
age, more accurate dosing can be attained by infusing 250 mg/M? ata constant rate over | heur, every 
8 hours (750 mg/M2/day) for 7 days. 

SEVERE iMITIAL CLINICAL EPISODES OF HERPES GENITALIS—The same dose given above — 
administered for 5 days. 


Therapy should be initiated as early as possible following onset of signs and symptoms. 


PATIENTS WITH ACUTE OR CHRONIC RENAL IMPAIRMENT: Refer te DOSAGE AND ADMINISTRATION 
section for recommended doses, and adjust the dosing interval as indicated in the table beiow. 














Creatinine Clearance Dose Dosing Interval 
{ml/min 73M?) (mg/kg) {hours} 
>50 5 8 
25-50 5 12 
10-25 5 24 
0-10 25 24 





Hemodialysis: For patients who require dialysis. the mean plasma half-life of acyclove during 
hemodialysis is approximately 5 hours. This results in a 60% decrease in plasma concentrations 
following a 6 hour dialysis period. Therefore, the patient's dosing schedule should be adjusted so that a 
dose is administered after each dialysis 

Method of Preparation: Each 10 mi vial contains acyclovir sodium equivalent to 500 mg of acyclovir. 
The contents af the vial should be dissolved in 10 mi of sterile water for injection or bacteriostatic water 
for injection containing benzyl alcohol yielding a final concentratien of 50 mg/ml of acyclovir (pH 
approximately 11}. Shake the vial well to assure complete dissolution before measuring and transter- 
ring each individual dose. DO NOT USE BACTERIOSTATIC WATER FOR INJECTION CONTAINING PARA- 
BENS. It is incompatible with Zovirax Sterile Powder and may cause precipitation. 

References: 1. C.D. Mitchell, ef al, Lancet /(8235); 1389-1392, Jun. 27, 1981. 2. Wade, ef ai.. Ann. 
Intern. Med. 96(3): 265-269, Mar. 1982. 3. J.D. Meyers, ef al., Am J. Med. 73(1A); 229-235, Jul. 20, 1982. 
4, Data on file, Burroughs Wellcome Co. 5. A. Mindel, et af, Lancet (8274): 697-700, Mar. 27, 1982. 
6. Z.M. Naib, et al, Cancer Res. 33:1452-1463, 1973. 
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‘Todays IGIV 


Dont settle for less. 


For immunodefi- 


ciency syndromes: 
aggressive protec- 
tion against 
infection 


Patients without 
sufficient levels 
of antibodies face 
overwhelming 
infection, and they need 
help. Infusion with 
GAMIMUNE'N gives 
these patients the edge 
that may make the 
difference: antibodies 
against major bacterial, 
viral and fungal 
pathogens. ..in just 
minutes. 


For both chronic 
and acute ITP 
in children and 
| adults: rapid 
elevation of 
platelet levels 
GAMIMUNE'N 
may initiate a therapeutic 
| increase in platelets 
| in both children and 
adults with idiopathic 
thrombocytopenic 
purpura (ITP).'*’ 
Treatment with 
GAMIMUNE'N has 
| enabled some ITP 
patients to undergo 
major surgery.’ 
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IGIV that's at 
least 98% Pat 
gamma globulin 
Cutter’s fractionation 
method (Cohn-Oncley 
6 & 9) contains all the 
necessary steps to 
produce high purity 
immune globulin. 
GAMIMUNE’ N 
contains no foreign 
contaminants, no 
detectable levels of 
protein aggregates or 
vasoactive enzymes.” 
With GAMIMUNE* N 
you get what you expect 
... IGIV containing at 
least 98% pure gamma 


| globulin. ' 
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Intravenous (Human) 5% 
(in 10% Maltose), pH 4.25 








aa 7 ain 
Eer) % 
-GO 


b. y Ae 


ES ME "Documented in 
4 pee 


vitro inactivation 


of HTLV-III virus 
tThe Cohn-Oncley process used 
to produce Gamimune®N has 
been challenged in vitro with 

a virus spike of 1 x 10° TCID 
(Tissue Culture Infectious 
Doses) of HTLV-II] and found 
to remove and/or inactivate the 











“Native” IGIV 


GAMIMUNE'N is 
manufactured without 
chemical modification. 
This means 
GAMIMUNE'’ N 
antibodies maintain 
normal opsonization 
capacity, have a normal 
distribution of IgG 
subgroups and provide 
the immunologic activity 
of normal plasma. ' 


*It is not possible to predict which 
patients with ITP will respond to 
therapy. 

‘In patients who respond to therapy, a 
rise in platelet count is generally rapid 
(within 1 to 5 days), transient (most 
often lasting from several days to 
several weeks) and should not be 
considered curative. 





viral challenge. In addition, \tist 


Gamimune®N undergoes an 
incubation step as a final 
container which has been shown 
to effect an additional 1 x 10° to 
1 x 10* TCID (Tissue Culture 
Infectious Doses) reduction of 
HTLV-II? 
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Today's simple, 
economical IGIV: 
the only ready- 
to-use liquid 

Dose for dose, 
GAMIMUNE 'N saves 
money by eliminating 
valuable recanstitution 
time in the pharmacy. 
Gram for gram of 
protein, GAMIMUNE* N 
is affordable; there is no 
pe price for 


TODAY'S IGIV. 


From the original IGIV todays IGIV..it offers more 


Please see following page for brief summary of prescribing information 


PRS TiS 





Gammune N 


Immune Globulin 
Intravenous (Human) 5% 
(in 10% Maltose), pH 4.25 


CLINICAL PHARMACOLOGY 

Gamimune* N supplies à broad spectrum of opsonic and neutralizing IgG antibodies for 
the prevention or attenuation of a wide variety of infectious diseases. As Gamimune* Nis 
administered intravenously. essentially 100% of the infused igG antibodies are immedi- 
ately available in the recipient's circulation. A relatively rapid fall in serum IgG level in the 
first week postunfusion is to be expected: this decrease averages 50% of the peak level 
achieved immediately post-infusion and is mainly due to the equilibration of IgG between 
the plasma and the extravascular space. The tn vivo half-life of Gammmune* N equals or 
exceeds the three week half-life reported fer IgG in the literature, but individual patient 
variation in halflife has been observed. Thus, this variable as well as the amount of 
immune globulin administered per dose is important in determining the frequency of 
administration of the drug for each individual patient 

The intravenous administration of solutions of maitose has been studied by several 
investigators Healthy subjects tolerated the infusions well, and no adverse effects were 
observed at a rate of 0.25 g maitose/kg body weight per hour in safety studies conducted 
by Cutter Biological. infusions of 10% maltose administered at 027-0 62 g maitose/kg 
per hour tò normal subjects produced ether mild side effects {e &. headache} or no 
adverse reaction. Following intravenous administrations of maltose. maltose was 
detected in the peripheral biood, there was a dose-dependent excretion of maltose and 
glucose in the urine and a mild diuretic effect These alterations were weil tolerated with- 
out significant adverse effects. The highest recommended infusion rate. 0.08 mL/kg 
body weight per minute {see DOSAGE AND ADMINISTRATION), ts equivalent to 0 48 g£ 
maitose/kg body weight per hour. 

The buffer capacity of Immune Globulin intravenous (Human) 5% fin 10% Maltose), pH 
4.25—Gamimune® N ıs 16.5 mEq/l { ~ 0.3 mEg/g protein): a dase of 150-400 mgikg (3-8 
mL/kg) body weight therefore represents an acid load of 0.0495-0.1320 mEq/kg body 
weight. The total buffering capacity of whole blood in a normai individual 1s 45-50 MEGA 
of blood. or 3 6 mEq/kg body weight. Thus, the acid load delivered in the largest dose of 
Gamimune™ N would be neutralized by the buffering capacity of whole blood alone., even if 
the dose were infused instantaneausly. (An infusion usually lasts several hours. i 

In Phase ! human studies, no change in arterial blood pH measurements was detected 
following the intravenous administration of Gamimune® N at a dose of 150 mg/kg body 
weight. following a dose of 400 mg/kg body weight in 37 patients, there were no chinically 
important differences in mean venous pH or bicarbonate measurements in patents who 
received Gamimune” N compared with those who received a chemically modified intra- 
venous immunoglobulin preparation with a pH of 6.8. 

In patients with limited or compromised acid-base compensatory mechanisms, consid- 
eration should be given to the effect of the additional acid ioad Gamimune*® N might 
present 
INDICATIONS AND USAGE 
immunodeficiency Syndromes: Gamimune’ N is indicated for the maintenance treat- 
ment of patients who are unable to produce sufficient amounts of IgG antibodies Usage 
of Garmmune* N may be preferred to that of intramuscular immunoglobulin preparations, 
especially in patients who require an immediate increase in intravascular immunoglobulin 
levels. in patients with a small muscle mass. and in patients with bleeding tendencies in 
whom intramuscular injections are contraindicated. It may be used in disease states such 
as congenital agammagiobulinemma (e g., X-linked agammagiobulinemia). common varia- 
ble hypogammagiobulinemia, X-linked immunodeficiency with hyper IgM and in severe 
combined immunodeficiency. 
tdiopathic Thrombocytopenic Purpura (ITP): investigations in both chidren and adults 
have shown that Gamimune® N may initiate a therapeutic increase in the platelet count. in 
clinical studies of Gamimune* N, five of six (83.3%) children and 10 of 16 (62.5%) adults 
with acute or chronic ITP demonstrated clinically significant increments in the platelet 
count during or following an initial treatment course with Gamimune' N at a dose of 400 
mg/kg body weight daily for five days. The duration of the platelet rise following treatment 
of ITP with Gamumune™ N was vanabie, ranging from several days up to 12 months or 
more. Several ITP patents demonstrated continuing responsiveness over many months 
to intermittent Gamimune’ N 400 mg/kg body weight single dose maintenance courses 
Two of three children with acute ITP treated with Gamumune* N rapidly went into complete 
remission However. childhood ITP may respond spontaneously without treatment. Four 
patients with refractory ITP were able to undergo major surgical procedures as a result of 
the rapid rise in platelet count associated with Gamimune® N treatment 

In addition, one patient with severe thrombocytopenia due to post-trans fusion purpura 
(PLA: alloimmune antibody with platelet anti PLS specificity) aiso responded to treatment 
with Gamimune™ N, ata dose of 400 mg/kg body weight daily for 5 days. there was a rapid 
rise in the platelet count commencing on the third day of treatment 

itis presently not possible to predict whicn patients with ITP will respond to therapy, 
although the increase in piatelet counts in chidren seems to be better than that of adults 
In clinical situations in which a rapid nse in platelet count 1s needed to contro! bleeding or 
to allow a patient with ITP to undergo surgery, administration of Immune Globulin Intra- 
venous (Human) 5% (in 10% Maltose). pH 4.25—Gamimune* N should be considered, in 
patents in whorn a response is achieved, the nse of platelets 1s generally rapid (within 1-5 
days), transient (most often lasting trom several days to several weeks) and should not be 
considered curative. In some patients who relapse, a maintenance dose of Gamimune™ N 
administered every several weeks may be of benefit once the platelet count decreases to 
clinically hazardous levels (see DOSAGE AND ADMINISTRATION) 

CONTRAINDICATIONS 

Gamumune* Nis contraindicated in individuals who are known to have hadan anaphylactic 
or severe systemic response to Immune Globulin (Human). Individuals with selective IgA 
deficiencies who have known antibody against IgA fanti-lgA antibody} should not receive 
Gamimune”* N since these patients may experience severe reactions to the IgA which may 
be present 





WARNINGS 
Gamimune® N should be administered only intravenously as the intramuscular and subcu- 
taneous routes have not been evaluated. 

Gamimune* N may, on rare occasions, cause & precipitous fallin blood pressure and a 
clinical picture of anaphylaxis, even when the patient is not known to be sensitive to 
immune globulin preparations. These reactions may be related ta the rate of infusion 
Accordingly, the infusion rate given under DOSAGE AND ADMIN:STRATION should be 
ciosely followed, at least until the physician has had sufficient experience with a given 
patent. The patient's vital signs should be monitored continuously and careful observa- 
ton made for any symptoms throughout the entire infusion Epinephrine should be avail: 
able for the treatment of an acute anaphyiactic reaction 
PRECAUTIONS 
General: Any vial that has been entered should be used promptiv Partially used vials 
should be discarded. Do not use if turbid. Solution which has been frozen should not 
be used 
Drug interactions: if dilution is required, Gamimune* N may be diluted with 5% dextrose 
in water (D5/W). No other drug interactions or compatibilities have been evaluated it is 
recommended that infusion of Gamimune* N be given by a separate line. by itself, without 
muing with other intravenous fluids or medications the patient might be receiving, 
Pregnancy Category C: Animal reproduction studies have not been conducted with 
Gamimune* N. itis not known whether Gamimune® N can cause fetal harm when admin. 
istered to a pregnant woman or can affect reproduction capacity Gamimune” N should 
be given to a pregnant woman only if Clearly needed 
ADVERSE REACTIONS 
in à Study of 37 patients with immunodeficiency syndromes recen 1g Gamumune® N at a 
monthly dose of 400 mg/kg body weight, reactions were seen in 5.2% of the infusions of 
Gamimune® N Symptoms reported with Gamimune® N included malaise, a feeling of 
faintness, fever. chlis. headache, nausea, vomiting. chest tightness. dyspnea and chest 
back or hip parm. in addition, mild erythema following infiltration of immune Giobuiin Intra- 
venous (Human) 5% (in 10% Maltose), pH 4.245~—Gamimune® N at the infusion site was 
reported in some cases 

In further studies of Gamimune* N in the treatment of both adult and pediatric patents 
with ITP systemic reactions were noted in only 4 of 154 (2.6%) infusions, and all but one 
occurred at rates of infusion greater than 0.04 ml/kg body weight per minute The Symp- 
toms reported included chest tightness, a sense of tachycardia (pulse was 84 beats per 
minute), and a burning sensation in the head. these symptoms were all mid and transient. 
Erythema, pain, phiebitis. or eczematous reactions at the infusion site were aiso reported 
following infusion of Gamumune* N to aduit ITP patients. These reactions occurred wn 
11.6% of the infusions of Gamimune* N and in 43.8% of the aduit ITP population. No 
pediatric patients experienced localized reactions at the infusion site 

in the studies undertaken to date, other types of reactions have nat been reported with 
Garumune® N It may be. however that adverse effects will be similar to those previously 
reported with intravenous and intramuscular immunoglobulin adrurustratien Potential 
reactions, theeefore, may also include anxiety. flushing, wheezing abdominal cramps, 
myalgias, arthralgia, and dizziness. rash has been reported only rarely. Reactions to intra- 
venous immunoglobulin tend to be related to the rate of infusion 

True anaphy:actic reactions to Gamimune* N May occur in recpients with documented 
prior histones of severe allergic reactions to intramuscular immunoglobulin, but some 
patients may tolerate cautiously administered intravenous immunoglobulin without 
adverse effects Very rarely an anaphylactoid reaction may occur in patients with no prior 
history of severe allergic reactions to either intramuscular or iatravenous 
immunogiobuln 
DOSAGE AND ADMINISTRATION 
immunodeficiency Syndromes: The usual dosage of Gamimune® N for prophylaxis in 
immunodeficiency syndromes is 100-200 mg/kg (2-4 mL/kg) of body weight adminis- 
tered approximately once a month by intravencus infusion. If the clinical response is 
inadequate, or the level of IgG achieved in the circulation is felt te be insufficient, the 
dosage May be given more frequently or increased as high as 490 mg/kg (8 mi ikg) 
body weight. 
idiopathic Thrembocytopenic Purpura: An increase in platelet count has been observed 
in children and some adults with acute or chronic TP receiving Garumune* N, 400 mg/kg 
body weight daily for five days. A response usually occurs within several days and is maim 
tained for a vanable period of time. in general a response is seen less often in adults than 
im children. In patients who have shown a response, a maintenance dose of Gamimune™ N 
af 400 mg/kg body weight administered a single dose every several weeks may be of 
benefit once the platelet count decreases to clinically hazardous levels 

investigations indicate that Garnimune* N is well-tolerated and less likely to produce 
side effects when infused at the indicated rate. It 6 recommended that Gamimune™ N be 
infused by itself at a rate of 0.01 to 0.02 mL/kg body weight per minute for 36 minutes. if 
well tolerated, the rate may be gradually increased to a maximum of 0.08 mUAZ body 
weight per minute. If side effects occur the rate may be reduced, or the infusion mter- 
rupted until symptoms subside. The infusion may then be resumed at the rate which is 
comfortable for the patient 

Parenteral drug products should be inspected visually for particulate matter and discol- 
oration prior to admunistration, whenever solution and container permit. 

US. License No. 8 




















REFERENCES: 1. GAMIMUNE® N Product License Application. 2, Lundblad iL, Mitra G. 
Steinberg MM, et al: Comparative studies of impurities in intravenous immunoglobulin 
preparations. Fev infect Dis 1986; (Jul-Aug): S382-S390. 3. Mitra G. Wong MF. Mozen 
MM. et al: Elimination of infectious retroviruses curing preparation of immunoglobulins 
Transfusion 1986; 26(4):394--397. 
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Berkeley, CA 94710 USA m 

Division of Miles Laboratories. inc 
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Miles Laboratories, Ltd ‘Ltée, 
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THIS SPACE CONTRIBUTED AS A PUBLIC SERVICE 


A Positive Point 
About Breast Cancer. 


Now we can see it before 
you can feel it. When it’s no 
bigger than the dot on this 


page. . 
d when it’s 90% cur- 
able. With the best chance 
of saving the breast. 

The trick is catching it 
early. And that’s exactly 
what a mammogram can do. 

A mammogram is a sim- 
pe x-ray that’s Simpi the 

est news yet for detecting 

breast cancer. And saving 
lives. 

If you’re over 35, ask 
your doctor about 
mammography. 


Give yourself the 
chance of a lifetime.” 


AMERICAN 
CANCER 
SOCIETY° 














approximate 
1US. gallon 


The 3.8L Irradiator Canister of the 


IBL-457 (P 


When measuring the performance of a 
blood irradiator you must consider 
many factors. However, when 
considering its utility — bigger capacity 
is definitely better. The IBL-437C 
exceeds the capacity of all competitive 
canisters. 


Actual Typical Loading 


e 20/24 Single donor platelet bags 
(50mL in 300mL bags) 

e 6/8 Packed cells bags (275-350mL 
in 600mL bag) 

e 4 Whole blood or packed cell bags 
(500mL in 600mL bag) 

e 2-1000mL close-to-full bags 

Experience...the difference 

For further information call or write: 


| cis-us, inc. 
subsidiary of Compagnie 
ORIS industrie S.A. 


1983 Marcus Avenue 
Lake Success, NY 11042 
800-221-7554 In NY: 516-326-8008 








Table of Contents: Hematopoiesis. Red Cell Metabo- 
lism. Anemia: Diagnosis and Implications. Iron Metabo- 
lism and Hypochronic Anemias. Megaloblastic 
Anemias. Aplastic Anemia (Including Pure Red Cell 
Aplasia and Congenital Dyserythropoietic Anemia). In- 
troduction to Hemolytic Anemias: Intracorpuscular De- 
fects. Hereditary Defects of the Red Cell Membrane, 
Hereditary Enzyme Deficiencies, The Hemoglobinopa- 
thies, Thalassemia, Paroxysmal Nocturnal Hemo- 
globinuria. Hemolytic Anemias: Extracorpuscular 
Defects. Immune Hemolytic Anemia, Nonimmune He- 
molytic Anemias. Anemia Associated With Other Disor- 
ders: Infection, Renal Disease, Liver Disease, Endocrine 
Disease, Connective Tissue Disease, and Malignancies. 
The Polycythemias. White Blood Cell Metabolism: Neu- 
trophil Physiology and Metabolism. Neutropenia and 
Qualitative Disorders of Neutrophils. Infectious Mono- 
nucleosis and Reactive Lymphocytesis. Introduction to 
Leukemia and the Acute Leukemias. Chronic Leuke- 
mias. Myeloproliferative Disorders. Monoclonal Gam- 
mopathies and Plasma Cell Dyscrasias. Lipid 
(Lysosomal) Storage Diseases and Histocytoses. The 
Lymphomas. Bone Marrow. Introduction to Hemostasis: 
An Overview of Hemostatic Mechanism, Platelet Struc- 
ture and Function, and Extrinsic and Intrinsic Systems. 
Quantitative and Qualitative Vascular and Platelet Dis- 
orders, Both Congenital and Acquired. Defects of 
Plasma Clotting Factors. Interaction of Fibrinolytic, Co- 
agulation, and Kinin Systems and Related Pathology. 
Evaluation of Red Cell Morphology and Summary of 
Platelet and White Cell Morphology. Laboratory Meth- 
ods in Hematology and Hemostasis. Glossary, 
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#0861 Baggs & Winkelstein. White Cell Manual, 4th Ec. 1983. $8.95 
#4634, Hillman & Finch: Red Cell Manual, 5th Edition. 1985. $9.95 


1983. $9.95 
$24.95 


J #559 
2nd Ed. 1985, $24.95 





$19.95 
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| #6952. Pittigho: Clinical Hematology and Fundamentals of Hemostasis. Ready 


#76948. Pittigho’ Modern Blood Banking and Transfusion Practices. 1983 $34.95 


8481. Thompson & Harker: Manual of Hemostasis and Thrombosis, 3rd Ed 
Cl #8101. Strasinger: Urinalysis and Body Fluids: A Self-instructional Text. 1985 
7 Leventhal & Cheadle: Medical Parasitology: A Self-Instructionai Text, 


#5293. Kern. Medical Mycology: A Self-Instructional Text. 1985 $24.95 
#9323 Widmann. Clinical Interpretation of Laboratory Tests, 9th Ed 1983 


i. #8308 Taber's Cyclopedic Medical Dictionary, 15th Ed. 1985. $24.95 


PHILADELPHIA, PENNSYLVANIA 19103 


When you need a thorough, 
working knowledge of normal 
and abnormal hematology 

as well as the fundamentals 
of hemostasis, turn to — 


CLINICAL HEMATOLOGY AND FUNDAMENTALS 
OF HEMOSTASIS 


Balancing theoretical and practical approaches to material, this excellent new text- 
book gives comprehensive, assessment-oriented coverage to hematology and the 
fundamentals of hemostasis. A 32 page section containing 245 full-color plates 
makes this a totally self-sufficient text which does not require any supplemental Atlas 
or other materials. 





Requiring no prior knowledge of hematology, this volume offers a variety of organi- 
zational features which enable the reader to easily assimilate facts and concepts. 
You'll find —~ 
* a chapter devoted exclusively to laboratory procedures and diagnoses 
* case histones in each chapter correlating pathological lab findings with individual 
diseases 
outlines preceding each chapter 
* a multitude of high-quality, full-color illustrations as well as line drawings and 
black-and-white photographs 
* an extensive index 
The many highly-qualified chapter contributors have helped produce a text of un- 
usual authority with a presentation that is carefully balanced between the purely 
theoretical and the purely procedural, 
Edited by D, Harmening Pittiglio, PhD. MT(ASCP), ciate Professor, University 
of Maryland School of Medicine. Program in Medical Technology. Baltimore, MD: 
Clinical Assistant Professor, Georgetown University, Schools of Medicine and Dentistry, 
Washington, DC. Consulting Editor: Ronald Sacher, MD, Director, Blood Bank, 
Georgetown University Medical Center, Washington, DC. With 26 contributors. 
About 575 pp., 135 black-and-white ill., plus 245 full-color plates. Ready April 1987. 
About $45.00. 
== MODERN BLOOD BANKING AND TRANSFUSION PRACTICES =s 
Using a problem-criented approach, this in-depth guide thoroughly covers theory. princi- 
ples and procedures of immunohematology, as well as the function of blood, the involve- 
ment of Blood Group Antigens and Antibodies, the principles of transfusion therapy and 
the physiologic mechanisms of blood loss and replacement. Sixteen pages of color plates 
include superb full color illustrations of agglutination reactions 
Edited by D. Harmening Pittiglio, PhD. MT(ASCP). 580 pp. 120 IIL. including 16 pp. in 
full-color, 1983. $32.00. 
meee FA AVIS BLOOD MANUALS saamamme 
For freshening recall of hematology basics, or for board examination review, these titles are 
unsurpassed: 
Red Cell Manual, 5th Edition 
Robert S. Hillman, MD. and Clement A. Finch, MI). 162 pp. Hlustd. Soft cover 1985, $9.95 
White Cell Manual, 4th Edition 
Dan R. Boggs, MD, and Alan Winkelstein, MD, 109 pp. usta. Soft cover 1483. $8,445, 


Manual of Hemostasis and Thrombosis, 3rd Edition 
Arthur R. Thompson, MD, PhD, and Laurence A, Harker, MD. 219 pp. Elustd. Soft cover, 
1983. $9.95 
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MEET YOUR NEWEST BLOOD BANKER. 


THE OLYMPUS PK7100 FULLY AUTOMATED PRETRANSFUSION BLOOD TESTING SYSTEM 


Today, with the increased demand in 
blood testing for transfusion purposes 
blood bankers suddenly need new help 

The Olympus PK7100 
is the solution. It 
automatically performs 
simultaneous routine 
blood typing (ABO 
and RH), freeing 
experienced blood 
bankers to perform 
additional tests for the 
increased incidence 
of infectious agents 
(Hepatitis, HTLV-II 
etc.) 


The PK7100 analyzes up to 240 samples/ 
hour, and features the revolutionary and pa- 


tented Olympus “Terraced” Microtiter Plate 
which reduces reagent consumption and 
holds cells more firmly in place during less 
delicate handling. And while the high’ dis 
crimination PK7100 takes multiple readings 


“Terraced” Microtiter Plate 





on the terraces for extremely accural 
automated readings, the terrac 
design provides more stable agg alt iin nation 
non-agglutination patterr yr 
easy visual confirmation 
And the PK7100 is backed 
with Olympus’ complete sup 
port package and extensive 
field service network 
Other PK7100 features include: 
e Full data processing capability 
Convenient compute 
data storage Video monitor 
High speed printer; RS-232C 
interface; Triple-check system 
of bar code labels. + Micro-syringes (for 
precision dispensing of serum, blood cells 
diluent and reagents). ® Virtually no 
disposables/consumables. + Advanced 
compact design (for easy placement, easy 
access, and efficient workstation operat on) 
For further information call TOLL FREE 
800-223-0125 or 800-626-0236 (in NY). 
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Olympus Corporation, Clinical Instruments Division 
We're committed because you're dedicated. 


Blenoxane’ Combinations 


(sterile bleomycin sulfate) 


Proven Effective in 
Non-Hodgkin's Lymphoma 


The newer Blenoxane containing combinations resulted in high 


complete response rates and extended disease-free survival!” 


Abdominal/Pelvic CT Abdominal/Pelvic CT 
February 25 August 4 
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Massive retroperitoneal, No evidence of abnormal 
retrocrural, para-aortic, abdominal or pelvic adenopathy 
and probable right iliac after Blenoxane combination 
adenopathy. chemotherapy 
CHOP-Bleo BACOP COP-BLAM 
|. Newcomer LN, Cadman EC, 2. Schein PS, DeVita VT Jr, Hubbard 3. Laurence J, Coleman M, Allen SL, 
Nerenberg MI, et al: Randomized S, et al: Bleomycin, Adriamycin, et al: Combination chemotherapy of 
study comparing doxorubicin, cyclophosphamide, vincristine, and advanced diffuse histiocytic 
cyclophosphamide, vincristine, prednisone (BACOP) combination lymphoma with the six-drug COP- 
methotrexate with leucovorin chemotherapy in the treatment of BLAM regimen. Ann Intern Med y 
rescue, and cytarabine (ACOMLA) advanced diffuse histiocytic 97:190-195, 1982. 
with cyclophosphamide, lymphoma. Ann Intern Med 
doxorubicin, vincristine, prednisone, 85:417-422, 1976. 


and bleomycin (CHOP-B) in the 
treatment of diffuse histiocytic 
lymphoma. Cancer Treat Rep 
66:1279-1284, 1982. 


*Case information on file at Bristol-Myers Oncology Division 


1986 Bristol-Myers Oncology Division, Syracuse, NY 13221-4755 


Blenoxane .. Integral Component 


(sterile bleomycin sulfate) 


of Chemotherapy Regimens in 
Non-Hodgkin's Lymphoma 


Since Blenoxane is virtually non-myelosuppressive, continuing 
therapy with certain Blenoxane containing chemotherapy regimens 
(e.g. BACOP) can prevent tumor regrow th between cycles of 

other c hemotherapy regimens while allowing for bone marrow 
recovery?’ 


x l , , 
Blenoxane can produce, with cumulative doses, a syndrome of pul- 
monary fibrosis. It is usually dose-related, being seen infrequently 
in patients whose total dose of Blenoxane is less than 400 units. 


‘ Efficacy... Yesterday, Today, Tomorrow 


Blenoxane 


(sterile bleomycin sulfate) 





(sterile bleomycin sulfate) 


Briet Summary of Prescribing Information (1) 10 84 For complete prescribing informa- 
tion please consult product literature i 











WARNING 

Itis recommended that Blenoxane* be administered under the Supervision of a qualified physi- 
Cian experienced in the use of cancer chemotherapeutic agents Appropriate management ot ther 
apy and complications is possible only when adequate diagnostic and treatment facilities are 
readily available 

Pulmonary fibrosis 1s the most severe toxicity associated with Blenoxane The most trequent pre 
sentation is pneumonitis occasionally progressing to pulmonary fibrosis Its occurrence is higher in 
elderly patients and in those fecenwving greater than 400 units total dose. but pulmonary towcity has 
been observed in young patients and those treated with low doses 

A severe idrosyncratic reaction consisting of hypotension. menta! confusion tever. chills ang 
wheezing has been reported in approximately 1%» of lymphoma patients treated with Blenoxane 















INDICATIONS: Bienoxane should be considered a palliative treatment It has been shown to be useful 
in the management of the tollowing neoplasms either as a single agent or in proven combinations with 
other approved chemotherapeutic agents 

Squamous Cell Carcinoma — Head and neck Mcluding mouth. tongue. tonsil. nasopharynx 
oropharynx. sinus palate lip buccal mucosa gingiva. epiglottis. skin larynx penis. cervix and 
vulva The response to Bienoxane is poorer in patients with head and neck cancer previously irradiated 

Lymphomas — Hodgkin's reticulum cell sarcoma lymphosarcoma 

Testicular Carcinoma — Embryona’ cell chonocarcinoma and teratocarcinoma 


CONTRAINDICATIONS: Blenoxane is contraindicated in patients who have demonstrated a hypersen 
Sitivé OF an idiosyncrabe reaction to it 


WARNINGS: Patients receiving Blenoxane must be observed caretully and frequently during and after 
therapy It should be used with extreme caution in patents with significant impairment of renal function 
or compromised pulmonary function 

Pulmonary toxicities occur in 10% of treated patients In apprommately 1%. thenonspecitic pneu- 
monitis induced by Blenoxane progresses to pulmonary fibrosis and death Although this is age and 
dose related. the toxicity is unpredictable Frequent foentgenograms are recommended 

Idiosyncratic reactions simular to anaphylaxis have been reported in 1%. of lymphoma patients treated 
with Blenoxane Since these usually occur after the first or second dose. careful Monitoring 1s essential 
after these doses 

Renal or hepatic toxicity beginning as a deterioration in renal or liver function tests. have been 
reported. mtrequently These toxicities may occur however at any time after imtiavion of therapy 

Usage in Pregnancy Sate use ot Blenoxane in pregnant women has not been established 


ADVERSE REACTIONS: Pulmonary — This ıs potentially the most senous side etfect occurring in ap 
proximately 10° of treated patients The most trequent presentation is pneumonitis occasionally pro- 
gressing to pulmonary fibrosis Approximately 1» of patients treated have died of dulmonary fibrosis 
Pulmonary toxicity 1s both dose and age-related being more common n patients over 70 years ot age 
and in those receiving over 400 units total dose This toxicity however. 1S unpredictable and has been 
seen occasionally in young patients recerving low doses 

Because of lack ot speciticity of the clinical syndrome. the dentification of patients with pulmonary 
toxcity due to Blenoxane has been extremely ditficull The earliest symptom associated with Bienoxane 
pulmonary toxcity is dyspnea The earliest Sign is tine rales 

Radiograpnically. Bienoxane-induced pneumonitis produces nonspecitic patchy opacities usually ot 
lower lung fields The most common Changes in Pulmonary function tests are a decrease in total lung 
volume and a decrease in vital capacity However these changes are not predictive of the development of 
pulmonary tibrosis 

The microscopic tissue changes due to Blenoxane toxicity nciude bronchiolar squamous metaplasia 
reactive Macrophages. atypical alveolar epithelial celis. tibrinous edema. and interstitial fibrosis The 
acute stage may involve capillary changes and subsequent tibrinous exudation into alveoli producing a 
change similar to hyaline membrane formation and progressing to a difluse interstitial fibrosis resem 
bling the Hamman-Rich syndrome These microscopie findings are nonspecific eg . similar changes 
are seen in radiation pneumonitis. pneumocystic pneumonitis 

To monitor the onset of pulmonary toxicity roentgenograms of the chest should de taken every 1 to 2 
weeks |! pulmonary changes are noted. treatment should be discontinued unti! it can be determined if 
they are drug related Recent studies have suggested that sequential measurementot the pulmonary 
dittusion capacity for carbon monoxide (DL...) during treatment with Blenoxane may be an indicator of 
Subclinical pulmonary toxicity Its recommended that the DL,,, be monitored monthly it it 1s 10 be em- 
ployed to detect pulmonary toxicities, and thus the drug should be discontinued when the DL.. talls 
below 30 to 35% of the pretreatment value 

Because of bleamycin’s sensitization of lung tissue patients who have received bleomycin are at 
greater risk of developing pulmonary toxicity when oxygen is administered at surgery. While long ex- 
posure to very high oxygen concentrations is a known cause ot lung damage. atter bleomycin admin 
istration. lung damage can occur at lower concentrations than usually would be considered sate 
Suggested preventive measures are 
(1) Maintain FI O; at concentrations approximately that of room air (25%) Guring surgery and the post- 

Operative period 
(2) Monitor caretully td replacement focusing more on colloid administration rather than crystalloid 

Idiosyncratic Reactions — in approximately 1% of the lymphoma patients treated with Blenoxane an 
Wiosyncratic reaction similar to anaphylaxis clinically has been reported The reaction may be «mmedi- 
ate or delayed for several hours. and usually occurs after the tirst or second dose it consists of hypo- 
tension. mental contusion. tever, chilis. and wheezing Treatment is symptomatic including volume 
expansion. pressor agents. antihistamines and corticosteroids 

integument and Mucous Membranes — These are the most frequent side effects being reported in 
approximately 50°% of treated patients These consist of erythema. rash. stnae vesiculation, hyperpig- 
mentation. and tenderness of the skin Hyperkeratosis. nail changes. alopecia. pruritus. and stomatitis 
have also been reported It was necessary to discontinue Blenoxane therapy in 2% of treated patents 
because of these toxicities 

Shon toxicity ıs a relatively late manifestation usually developing in the 2nd and 3rd week of treatment 
after 150 to 200 units of Blenoxane have been administered ard appears to be related to the cumulative 
dose 

Other — Fever chills. and vomiting were frequently reported side etfects Anorema and weight loss 
are common and may persist long after termination of the medication Pain at tumor site phlebitis and 
Other local reactions were reported infrequently 

There are isolated reports of Raynaud's phenomenon occurring in patients with testicular carcinomas 
treated with a combinabion of Blenoxane and Velban~ Its currently unknown if the cause tor the 
Raynaud's phenomenon in these cases is the disease Blenoxane Velban. or a Combination of any or 
all of these 


SUPPLY: Each vial contains 15 units of Bienoxane Mead {itis 


as sterile bleomycin sulfate NDC 0015-3010-20 ONCOLOGY PRODUCTS 
Bristol-Myers Oncotogy Orson 
UA-154-1 Syracuse NY 13221 186 
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If you could look into 
the eyes of generations 
yet to come, vou would be 
there. You can make a 
difference. 

= Byincluding the 








AMERICAN CANCER SOCIETY ` 


For more information, call your 
local ACS unit or write to the 
American Cancer Society, 

4 West 35th St., New York, NY 10001. 





Coagulation Factor Deficient Human Plasma 


@ Substrate Quality @ Fresh Frozen 
© Stable @ Mono-Specific 


COAGULATION DEFICIENCIES AVAILABLE: 


Factor | (Afibrinogenemia) Factor IX VonWillebrand Trait 


Factor Il Factor X (Mild and Severe) 
Factor V Factor XI Prekallikrein 

Factor Vil Factor XII Kininogen (HMW) 
Factor VIH Factor Xili Passovoy Trait 
Factor VIH Inhibitor Protein C 





HEMATOLOGY PRODUCTS AVAILABLE: 


Pooled Normal Plasma Aged Serum 
Assayed Normal Plasma Adsorbed Plasma 
Platelet Free Plasma Coumadinized Plasma 


®@ Plasmas are fresh frozen, citrated plasmas drawn from carefully screened HUMAN donors with 
congenital coagulation factor deficiencies. 

@ Shipments are packed in dry ice and usually delivered within 24 hours. 

© Special arrangements are made to ship plasma in required volumes in vials (0.5 to 5.0 ml), in bags or 
on standing orders. 


MAXIMUM QUALITY - MINIMUM COST 
GEORGE KING BIO-MEDICAL, INC 


Toll Free 800-255-5108 In Kansas 913-469-KING 
11771 West 112th Street, Overland Park, KS 66210 
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REVIEW 


The Treatment of Hairy Cell Leukemia 


By Harvey M. Golomb 


N VIEW OF THE INTRODUCTION of interferon for 
the treatment of hairy cell leukemia (HCL) in 1984! and 
its release by the Food and Drug Administration for this 
purpose in June 1986, it is important to consider its use in the 
context of all of the current indications and options for the 
treatment of patients with HCL. HCL has been thoroughly 
studied only for the past 12 years, even though it was first 
described in 1958 by Bouroncle et al.? The morphological, 
immunologic, and clinical characteristics of this disease have 
recently been reviewed.’ It should be emphasized that, at 
diagnosis, the majority of patients have pancytopenia or 
multiple cytopenias, a result of the interplay between seques- 
tration of blood in the spleen and underproduction of normal 
bleod cells in the bone marrow. The need to effect a change in 
one or both sites determines the treatment modality chosen. 
It should be pointed out, however, that up to 10% of patients 
require no therapy at any time. Such patients are, on the 
average, 10 years older than the 52-year median for the 
whole group, and they have less splenomegaly, fewer circu- 
lating hairy cells, and more granulocytes than do other 
patients with HCL.* 


TREATMENT 


Treatment indications for HCL include severe anemia 
(hematocrit, <25%) as well as thrombocytopenia (platelet 
count, <50,000/uL), severe granulocytopenia (absolute 
granulocyte count, <500/uL),. pain or other significant 
symptoms of splenomegaly, splenic rupture, repeated infec- 
tions, bone involvement, vasculitis, and bulky retroperitoneal 
disease. Treatment options have included splenectomy, 
chemotherapy, leukapheresis, administration of androgens, 
bone marrow transplantation, radiation therapy, and bio- 
logic response modifiers (eg, interferon). There is no useful 
role for steroids except androgens in the treatment of HCL; 
when steroids have been given, no improvement in blood cell 
counts has occurred. Besides, steroids further compromise 
the immune system of an already abnormal host, thus 
increasing the risk of infection. Hairy cells have glucocorti- 
coid-binding sites but are resistant to the cytolethal effects of 
glucocorticoids.’ Another agent whose use should be dis- 
couraged is lithium. One patient was reported’ to have 
improved hemoglobin levels and platelet counts with lithium 
therapy, but a subsequent study* and our own experience 
have not supported such a finding. 


Blood, Vol 69, No 4 (April), 1987: pp 979-983 


SPLENECTOMY 


Splenectomy has been regarded as an attractive treatment 
option because it directly addresses the problem of splenic 
sequestration. However, we have learned that we cannot 
predict in individual cases whether patients will benefit from 
splenectomy because spleen size alone is not a direct indi- 
cator of postsplenectomy improvement in blood cell counts. 
In general, enlarged spleens are frequently associated with 
pancytopenia, and the counts of patients with significant 
splenomegaly respond more dramatically to splenectomy 
than is the case for smaller spleens.” Even in the absence of 
splenomegaly, however, significant cytopenia can occur, and 
it can respond to splenectomy. '? Recently, we compared the 
presplenectomy and postsplenectomy blood cell counts of 170 
previously untreated HCL patients.’ The mean hemoglobin 
level increased from 10.4 g/dL to 11.5 g/dL (P < 001), the 
mean granulocyte count increased from 552/uL to 1754/phL 
(P < 001), and the mean platelet count increased from 
87,000/uL to 211,000/nL (P < .001). Fewer than 7% of 
these patients had normal platelet counts before splenecto- 
my; after splenectomy, this percentage rose to 63%. An 
analysis of the spleen weights of 153 of the 170 splenecto- 
mized patients showed that none were normal (<240 g); but 
of 24 nonpalpable spleens, six weighed between 241 and 
400 g and 18 weighed between 401 and 600 g. Thus, 
approximately one sixth of the patients had nonpalpable 
spleens that could be two to three times the normal size. 
Although all HCL patients benefit from splenectomy, 
slightly less than half of the patients have improvement in all 
blood cell counts, and improvement in one or two components 
is seen in the remainder.” Moreover, we have updated our 
original observation that one third of patients require further 
therapy after splenectomy by showing that almost half (81 of 
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166 patients) of the patients are in need of additional 
treatment.’ The interval after splenectomy until further 
treatment is required is | to 164 months, with a median of 8.3 
months. 


CHEMOTHERAPY 


Progressive disease following splenectomy occurs in two 
forms; half of the patients have pancytopenia caused by bone 
marrow replacement with hairy cells, and the other half have 
a leukemic form of the disease with an increasing white blood 
cell count (predominantly hairy cells). The latter group may 
have associated anemia, granulocytopenia, or thrombocyto- 
penia.'' For the leukemic form of progression, Yam and 
co-workers initially recommended leukapheresis.'? Our expe- 
rience, however, suggests that this does not result in long- 
term benefit.'* Of four patients with the leukemic phase of 
the disease who underwent leukapheresis, two did not 
respond, and two had transient responses lasting for 1 to 6 
months. We no longer utilize leukapheresis in the manage- 
ment of leukemic progression. 

Progression with a leukopenic blood count results from 
underproduction of normal marrow elements secondary to 
infiltration of the bone marrow by hairy cells. Various types 
of chemotherapy as well as androgen therapy have been 
utilized for this form of the disease. In 1979, there were 
reports of improvement in blood cell counts with use of the 
alklyating agent chlorambucil in low doses!‘ as well as with 
the drug rubidazone.'* An update on the efficacy of chloram- 
bucil in 24 HCL patients was published in 1984."' Patients 
were treated for at least 6 months with 4 mg chlorambucil 
given daily by mouth. Of il leukemic patients, all had a 
considerable dorp in their circulating hairy cells, and seven 
had increases in their platelet counts, in each case to more 
than 125,000/uL, following treatment. Of 13 pancytopenic 
patients, cight had substantially increased platelet counts 
after treatment: seven also had increased hematocrit values. 
Half of the patients with pretreatment and posttreatment 
bone marrow biopsies had objective improvement, as deter- 
mined by a decrease in the number of hairy cells and an 
increase in normal marrow elements. However, there were 
six deaths, all of them associated with infectious complica- 
tions. 

In 1985, Calvo et al’ reported on seven patients who were 
treated with intensive chemotherapy consisting of rubida- 
zone, 450 mg/m’, on day l; cytosine arabinoside, 200 
mg/m?/d, from day 1 today 5; and cyclophosphamide, 2,000 
mg/m’, on day 5. A complete response was defined as normal 
blood counts associated with the disappearance of hairy cell 
infiltration and fibrosis from the bone marrow. A partial 
response was defined as normal blood counts with persistence 
of leukemic cells in the bone marrow. Three patients 
achieved a complete response and one patient, a partial 
response. However, three patients died of infectious compli- 
cations during induction chemotherapy. One patient, who 
had a complete response, died at 24 months while undergoing 
maintenance therapy. The remaining responding patients are 
alive at 44, 32, and 23 months. Joosten et al!’ reported on six 
HCL patients who relapsed after splenectomy and were 
treated with high-dose methotrexate (2 g/m’) and leucovorin 
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rescue. Five patients had objective responses, as determined 
by improved blood cell counts. The response continued for 
more than 14 months in one case and 44 months in another; 
however, these two patients had had the highest absolute 
neutrophil counts at the start of therapy. 

In 1984, Spiers et alë reported on the treatment of two 
HCL patients with pentostatin (2-deoxycoformycin), a prod- 
uct of Streptomyces antibioticus. This agent is a tightly 
binding inhibitor of adenosine deaminase, an enzyme of 
purine metabolism. Hairy cells were cleared promptly from 
the blood, splenomegaly and lymphadenopathy regressed, 
and anemia, thrombocytopenia, and granulocytopenia were 
corrected. Both patients achieved a complete remission, 
which continued at 9 and 6 months, respectively. after their 
last treatment. Johnston et al'? confirmed the activity of 
pentostatin in a single patient. At the same time, Spiers et 
al reported on eight additional patients: three patients 
attained a complete remission and three were in partial 
remission (two remained on therapy and may achieve a 
complete remission). More recently, in 1986, Johnston et al?! 
reported eight patients treated with pentostatin. Complete 
remission occurred in two patients, and four patients had 
50% to 95% marrow clearance of hairy cells. Kraut et al” 
reported 10 patients with progressive hairy ceil leukemia 
treated with low-dose pentostatin (4 mg/m? IV every other 
week); nine had a complete remission. Seven patients 
remained in unmaintained remission with a median duration 
of 6.2 months. A major advantage of pentostatin is that 
complete bone marrow remission can be achieved, and may 
be durable. 


HORMONAL THERAPY 


Androgens have been used for the treatment of HCL with 
some success. One study showed that three of six patients 
who did not benefit from splenectomy responded to androgen 
therapy, with correction of cytopenia.* The responses 
occurred | to 20 weeks after the initiation of therapy and 
lasted for at least 17 months. A second study™ concerned a 
single patient who required an RBC and platelet transfusion 
after splenectomy. Within 2 months after the beginning of 
oxymetholone therapy (50 mg orally three times a day), the 
patient’s platelet count had normalized, and improvement in 
erythocyte and leukocyte counts followed. When the drug 
therapy was discontinued, the peripheral blood cell counts 
deteriorated drastically, but they improved when oxymetho- 
lone treatment was reinstated. We had a patient who 
progressed after splenectomy. He did not respond to chlo- 
rambucil and continued to require RBC transfusions. Treat- 
ment with oxymetholone at the aforementioned dosage led to 
a normalization of all blood cell counts. The patient has not 
been receiving oxymetholone for several years and has main- 
tained normal counts. 


RADIATION THERAPY 


The role of radiotherapy in HCL is limited to the treat- 
ment of local problems. Bone involvement has been shown to 
occur in HCL patients.” We have reported six patients who 
developed hip pain 9 to 73 months (median, 23 months) after 
the initial diagnosis.°° As seen on roentgenographs,. five 


TREATMENT OF HCL 


patients had single or multiple osteolytic lesions in the 
proximal portion of the femur, and one patient had no 
abnormalities. One patient had a concomitant subcapital 
femoral fracture, and another later developed aseptic necro- 
sis of the proximal parts of the femur and humerus. Five 
patients were treated with irradiation in doses ranging from 
1,500 to 3,000 rad. Three patients completely improved, but 
two had persistent mild hip discomfort. Orringer and Varia” 
described a patient who developed massive retroperitoneal, 
abdominal, and mediastinal lymphadenopathy 2 years after 
splenectomy. Low-dose radiation (600 to 750 rad), given for 
disabling pain in the back and chest, produced prompt 
regression of the adenopathy as well as pain relief. The 
response of patients with these types of local problems 
suggesis that HCL is a radiosensitive disease and that local 
treatment should be used for local problems. 


INTERFERON 


The use of a-interferon in the treatment of HCL was first 
recommended in 1984 by Quesada et al” who reported seven 
patients treated with partially purified leukocyte interferon- 
a. Granulocytopenia and thrombocytopenia were reversed 
within several months of therapy. There were three complete 
responses, and six patients had less than 5% hairy cells in 
their bone marrows within 8 to 12 weeks. 

Because we were following a large group of HCL patients 
(currently, more than 300 patients), we were able to institute 
a trial of recombinant a,-interferon (2 x 10° U/m? subcuta- 
neously [SC] three times per week) in October 1983. In eight 
evaluable patients, we also obtained dramatic results, with 
seven partial responses,” which confirmed that interferon 
was the active agent. Foon et al® recently published their 
results for 15 patients treated with a,,-interferon, which 
differs from the az, form only in the amino acid at position 
23. Patients were treated with 3 x 10° units daily either 
intramuscularly (for platelets >50,000/uL) or SC (for plate- 
lets <50,000/uL). They noted one complete response and 12 
partial responses for a response rate of 87%. Coincident with 
the normalization of peripheral blood counts, natural killer 
cell activity returned, and immunologic surface markers 
became normal. Comparable results have been obtained with 
a highly purified polyclonal interferon-a preparation from 
lymphoblastoid cells.” 

Quesada et al??? recently summarized their experience in 
treating 52 HCL patients with interferon; 22 had received 
leukocyte interferon-a and 30, a,-interferon. There were 
five complete, 13 partial, and four minor responses among 
the 22 patients and five complete, 17 partial, and six minor 
responses among the 30 patients. The total complete and 
partial response rate was thus 77%, and the overall response 
rate was 96%. Six patients had splenomegaly and were 
candidates for splenectomy, but they elected to have a- 
interferon as primary therapy. In all six patients, the size of 
the spleen decreased rapidly (within seven to 15 days). Five 
of the six obtained a complete remission, compared with four 
of 24 patients on whom a splenectomy had been performed 
prior to interferon therapy. Thus, the efficacy of a-interferon 
in previously untreated patients was demonstrated. 

A multicenter study of 64 HCL patients treated with 


981 


@y-interferon was recently published by Golomb et al.” 


Three patients (5%) had a complete response, with apparent 
eradiction of hairy cells from the bone marrow; 45 patients 
(70%) had a partial response, defined as normalization of all 
three blood cell counts and decreased HCL involvement in 
the bone marrow; and nine patients (14%) had a minor 
response that included improvement in a least one blood cell 
count. Thus, the overall response rate was 89%. Three 
patients had no response, three patients died before complet- 
ing | month of therapy, and one patient refused further 
therapy after being treated for 1 month. A rapid return of a 
normal platelet count (within 2 months) was confirmed; the 
hemoglobin and granulocyte counts returned more slowly 
(within 4 and 5 months, respectively). Subsequent bone 
marrow biopsy analyses showed a decrease in the hairy cell 
index by more than half. Serious infections, which had 
averaged four per month in 16 of the 64 patients before 
interferon therapy, occurred only rarely after the first month 
of treatment. Treatment-induced toxic effects were mild and 
consisted of influenzalike symptoms, fatigue, and minor skin 
disorders. 

The same group has prepared an updated evaluation of the 
first 128 HCL patients treated with a-interferon.” The 
responses obtained were almost identical to those for the first 
64 patients. There were five complete responders (4%), 98 
partial responders (77%), and nine minor responders (7%). 
The overall response rate is thus at 88% for the 128 patients. 
In contrast to Quesada’s” group of previously untreated 
patients who had significant complete responses, the patient 
group” includes 13 patients who had not undergone splenec- 
tomy; but none of these were complete responders. The 
discrepancy between the two reports remains to be 
explained. 

Thus, the percentage rate of response to recombinant 
c-interferons is very high in a large number of patients. This 
finding led to approval, in June 1986, of recombinant aœ- 
interferon by the FDA for prescription for HCL patients by 
practicing physicians. It is important that the exact role of 
a-interferon in HCL be understood. 

Two groups of investigators recently addressed the objec- 
tive changes in the peripheral blood and bone marrow of 
HCL patients who were treated with recombinant w-interfer- 
on. Naeim and Jacobs studied blood and bone marrow 
specimens from 21 patients. Bone marrow samples at 3 
months after initiation of interferon therapy showed a 
decrease in cellularity from 77% to 57%, with a marked 
decrease in the percentage of hairy cells (87% to 59%). 
Increased amounts of reticulin fibers persisted after comple- 
tion of interferon therapy, as did a high incidence of dry taps. 
They found that with interferon therapy the tartrate- 
resistant acid phosphatase (TRAP)-positive HCL cells 
became TRAP-negative, thus suggesting inhibition of activ- 
ity and/or production of TRAP in HCL cells. Bardawil et 
al” studied specimens from 12 patients. When they exam- 
ined the patients after 6 to 12 months of interferon therapy, 
they found that the median hairy cell index had decreased 
from 0.56 to 0.12; but in no case were hairy cells completely 
absent from the bone marrow. The numbers of large granular 
lymphocytes increased in 11 of the 12 patients after inter- 
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feron therapy, but the numbers often fluctuated, and in three 
patients they later fell to preinterferon values. 

It is important to begin an assessment of the durability of 
response in patients after interferon therapy is discontinued. 
Two groups of investigators are attempting to do this. 
Quesada et al” observed a clinical relapse in eight of 25 
patients (33%) in whom treatment was discontinued after 12 
months. The clinical relapse occurred within 3 to 10 months 
(median, 6 months) after cessation of treatment in six 
patients who attained partial remission and one patient each 
with a complete remission and minor response. Ratain et al” 
have studied 24 patients who completed interferon therapy a 
median of 8.5 months (range, 3 to 16 months) previously. 
Only one patient has required further treatment. However, in 
general there was a marked decrease in normal marrow 
elements and a relative increase in peripheral blood counts. 
Clearly, more patients need to be observed closely over a 
longer period. 

In our multicenter study.” we attempted to address the 
issue of duration of therapy and durability of response. A 
group of patients completing 12 months of interferon therapy 
and having a minor, partial, or complete remission was 
randomized to an additional 6 months of interferon therapy 
or to observation alone. A very preliminary analysis reveals 
six of 35 patients (17%) randomized to observation alone 
have relapsed. whereas only two of 29 (7%) in whom 
interferon therapy was continued have relapsed. Twenty- 
seven responding patients remained off interferon treatment 
for 6 months or more. Thus, it has been demonstrated that 
cessation of interferon therapy does not result in a rapid 
deterioration of peripheral blood counts. The number of 
relapsing patients is still too small, however, to allow signifi- 
cant conclusions. 

A few HCL patients have not responded to a-interferon. 
The question arises whether they can respond to pentostatin. 
Foon et al” recently reported two patients with massive 
splenomegaly and severe pancytopenia who had no signifi- 
cant response in a trial of a,-interferon. Subsequent treat- 
ment with pentostatin for 8 consecutive weeks resulted in 
normalization of spleen size, peripheral blood cell counts, 
and bone marrow in one patient. The second patient had a 
reduction in spleen size and improved blood cell counts 
following 9 weeks of pentostatin therapy. We have recently 
observed a patient whose disease progressed during his 14th 
month of a,-interferon therapy. He did not respond to 
treatment for 2 months with y-interferon and remained 
dependent on platelet transfusions. Six courses of pentostatin 
(4 mg/m? intravenously every 2 weeks) therapy led to 
eradication of the hairy cells in the bone marrow and a return 
to normal peripheral blood cell counts. It thus appears that 
pentostatin can be effective in patients whose disease has 
progressed during a-interferon therapy. 


RECOMMENDATIONS 


What can we conclude from the published and about- 
to-be-published information with regard to the treatment of 
patients with HCL? In my opinion, after the correct diag- 
nosis of HCL has been made, one must attempt to identify 
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the 10% of elderly patients who have adequate blood counts 
and a nonpalpable spleen and who require no treatment. The 
remaining 90% of patients will usually require seme form of 
therapy within a short period after the diagnosis. For a 
patient with an easily palpable spleen, low blood counts. and 
a bone marrow that shows only patchy involvement, a 
splenectomy should be undertaken as the first choice of 
treatment. The probability is high that the peripheral blood 
counts will improve and that the patient might require no 
further therapy for many years. For a patient with a nonpal- 
pable spleen, low blood cell counts, and a diffusely involved 
bone marrow, systemic therapy is the first choice. Such 
patients probably gain little benefit from splenectomy, and 
they will require systemic therapy within a short time after 
splenectomy. For a patient who fits between these two 
categories, either option is reasonable, and both options 
should be considered and discussed with the patient. 

The type of systemic therapy chosen for the presplenec- 
tomy patient who will benefit from it or for the postsplenec- 
tomy patient who has progressive disease and requires it 
depends on the following considerations. Interferon is highly 
active in HCL, with a high response rate, but it results in a 
low percentage of complete remissions. However, it controls 
the disease very well and leads to reversal of the clinical 
problems. Cessation of interferon therapy does not bring 
about a rapid deterioration of peripheral blood cell counts. 
Furthermore, a response can be reinduced in the majority of 
patients requiring retreatment, and the toxicity is mild by 
comparison with most forms of standard chemotherapy. 
Pentostatin has been tested in fewer patients: however, it 
yields a much higher complete response rate and requires 
only 3 months of therapy as compared with 12 months 
recommended for interferon. The duration of complete 
remission is excellent, but the toxicity in terms of the 
immediate effect on renal and liver function and the delayed 
effect on immune function remains to be determined. 

A randomized trial of pentostatin and a-interferon in 
postsplenectomy patients with progressive disease is cur- 
rently under way by the Cancer and Leukemia Group B 
(CALGB). From the results it should be possible to draw 
conclusions about the aforementioned concerns. It should 
also be restated that a-interferon is now available clinically 
(as of June 1986), whereas pentostatin is not (and is tightly 
controlled by the National Cancer Institute). However, 
pentostatin is available through a national cooperative group 
(CALGB) for HCL patients who have failed a-interferon 
therapy. 

Thus, for patients not being entered into clinical trials, | 
recommend that a-interferon be used as the first systemic 
treatment of choice until more data on pentostatin become 
available regarding its efficacy and toxicity in HCL patients. 
Also, because pentostatin is effective in patients who have 
not responded to a-interferon, its benefits can still be utilized 
by patients initially treated with interferon. Thus, in the 
event that pentostatin becomes the first agent of choice for 
systemic treatment of HCL in the future, current patients 
with progressive disease will have received its therapeutic 
benefits. 
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Chromosome Aberrations and Clinical Features of Adult T Cell 
Leukemia-Lymphoma Not Associated With Human T Cell Leukemia Virus Type I 


By Masanori Shimoyama, Tatsuo Abe, Kanji Miyamoto, Keisuke Minato, Kensei Tobinai, Haruhisa Nagoshi, 
Motoyoshi Matsunaga, Takeo Nomura, Teruhiko Tsubota, Taisuke Ohnoshi, lkuro Kimura, and Keiichi Suemasu 


Chromosome aberrations and clinical features of three 
patients with adult T cell leukemia-lymphoma (ATL) not 
associated with human T ceil leukemia virus type I (HTLV-I) 
are described. From their clinical features, two patients 
were diagnosed as acute type and one patient was diag- 
nosed as chronic type, which later converted to acute 
crisis. Clonal and many chromosomal abnormalities were 
observed before therapy in the two acute type cases and at 


E SHOWED in 1983 that some patients with ATL 
have typical clinicohematologic, morphological, and 
immunophenotypic features, but test negative for antibody to 
human T cell leukemia virus type | (HTLV-1).' By Southern 
blot analysis, we recently proved that HTLV-1 was not 
associated in five patients with anti- HTLV-I antibody- 
negative ATL.’ These findings suggested that HTLV-1 may 
not be involved in leukemogenesis of some ATL patients. To 
examine leukemogenesis and the exacerbation process of 
such ATL patients, we conducted karyotype analysis of the 
leukemia cells. We present evidence that chromosome abnor- 
malities similar to those found in typical HTLV-1-associated 
ATL were also found in HTLV-1—negative ATL. 


MATERIALS AND METHODS 


Patients. Previously? we confirmed that any nucleotide 
sequences of the provirus genome of HTLY-I were not integrated 
into DNA of leukemia cells from all five patients with antic HTLV-1 
antibody-negative ATL. In these patients, the leukemia cells had 
flower cell morphology as well as the inducer/helper phenotype, 
both of which are characteristics of ATL.*° Karyotype analysis 
could be made in the leukemia cells from three of the five patients 
with HTLV-I-negative ATL. The patients were classified according 
to clinical subtypes of ATL, as described elsewhere.*’ 
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relapse in the chronic type case. Karyotype aberrations, 
including trisomy 3. trisomy 7, trisomy 21, del(6)(q21), 
del(10)(p13), 14q11 translocation, and loss of X chromo- 
some, all of which are frequently found in HTLV-I asso- 
ciated ATL, were also seen in these cases of HTLV- 
I-negative ATL. 

© 1987 by Grune & Stratton, Inc. 


Cytogenetics. Cytogenetic studies were done on specimens of 
peripheral blood and pericardial effusion which were obtained before 
therapy and at relapse. Mononuclear cells prepared from these 
sources by the usual Ficoll-Hypaque gradient method were exam- 
ined according to conventional techniques? after culturing for 18 to 
48 hours without mitogens such as phytohemagglutinin or T cell 
growth factor. After hypotonic treatment with KCI (0.075 mol/L) 
for 20 minutes, the cells were fixed in methanol acetic acid (3:1), 
dropped onto glass slides, and air dried. Conventional Q-banding 
and/or Giemsa techniques were applied to the slides. Metaphase and 
prometaphase cells were photographed and then arranged according 
to the International System for Human Cytogenetic Nomenclature 
(ISCN).’ The criteria adopted at the First International Workshop 
on Chromosomes in Leukemia’? were used to identify abnormal 
clones. Karyotypes of cases | and 2 were determined after complete 
reviews by expert members of ATL Karyotype Review Committee-—— 
1985. 


RESULTS 


Clinical features. The clinical features of the three 
patients with HTLV-I-negative ATL are summarized in 
Table 1. The age at onset of the disease ranged from 43 to 71 
years. There were two men and one woman. Two patients 
(cases | and 2) became acutely ill, and their symptoms at 
onset were subfever, lymph node swelling, skin rash, and 
hepatosplenomegaly. Leukemic manifestation and high 
serum LDH levels were also observed. Pulmonary infiltra- 
tion of leukemia cells developed later. The patients died of 
the disease 3 and 1! months, respectively, after the diagnosis 
(Table 1). In another patient (case 3), leukocytosis due to 
abnormal inducer/helper T lymphocytosis of flower cell 
morphology was accidentally found when the patient com- 
plained to his physician of dizziness due to iron-deficiency 
anemia. His T lymphocytosis remained unchanged for ~2 
years without specific therapy and then converted to acute 
phase. Skin lesions, lymph node swelling, hepatosplenomega- 
ly, pulmonary infiltration, pleural effusion, and pericardial 
effusion developed. Hypercalcemia developed later, and the 
patient died of cardiac insufficiency 34 months after the 
diagnosis and 3 months after the acute transformation 
(Table 1). 

Hypercalcemia was observed in two patients. Immuno- 
globulin levels were found to be within the normal range at 
onset of the disease in all three patients. Combination 
chemotherapies, including vincristine, cyclophosphamide, 
prednisolone, and doxorubicin (VEPA" or CHOP” thera- 
py), were effective. Two patients were induced into remis- 
sion, but the effect was transient. From the clinical features, 
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Tabie 1. Clinical Features 

















Case No. 
Factor 1 2 3 
Age at onset, sex 71.M 43, F 47,M 
Complaints at presenta- LN swelling, anorexia, subfe- LN swelling, erythrodermia, Dizziness, back pain 
tion ver, hoarseness, cough subfever 
Organ involved 
Skin = + ee 
Lung Sse sr Sai a She sl 
Lymph nodes + + eof 
Liver + + - — 4 
Spleen + + -_— 
Pleural effusion Seed = aae xe 
Laboratory examination 
WBC (per ul} 56,800 74,600 17,300 
Abnormal L 64% 87% 72% 
Abnormal L in BM 54% 36% 11% 
LDH (1U/dL) 2,610 1,163 370 -= 1,717 
Hypercalcemia — — + _ ~— + 
immunoglobulin N N N 
Treatment and response VEPA CHOP, MTX CHOP, MTX 
NR CR PR 
Survival after diagnosis 3 11 34 
imo} 
Diagnosis ATL, acute type ATL, acute type ATL, chronic type 


LN, lymph node; WBC, white blood cell; L, lymphocyte; BM, bone marrow; LDH, lactic acid dehydrogenase; N, normal; NR, no remission: PR, partial 


remission: CR, complete remission; ATL, aduit T cell leukemia-lymphoma. 
*Pericardial effusion developed later. 


cases | and 2 were diagnosed as acute type and case 3 was 
diagnosed as chronic type, according to the classification of 
subtypes of ATL*” (Table 1). 


In one patient (case 1), chromosome constitution was 
extremely complicated: Among abnormalities, +der 
(2)t(2:7)(2;p16q31;2), -6, 6p-, and breaks at the proximal 


Cytogenetic findings. 


Karyotype analysis was made 
before therapy in all three patients and again at relapse in 
two (cases 2 and 3). The results are summarized in Table 2. 


(14)t(14:?)(p11;?) and 


Table 2. Cytogenetic Findings 


portion of chromosome 14 [lépi] and 14qll---+der- 
+der(h)t(lst4)(pitigil)] 
were noted (Fig 1). In case 2, partial trisomy 3 and 








Case Source No. of 
No. of Cells Modal Chromosome Constitution Cells Observed 
4 24-h PB a 43,X,—1,-2,-6,-8,-9,—9, — 10, — 13, — 14, — 14, ~ 15,- 16, 46/69 
— 18, —20, +21, —22,11Y;4q1 1:43 1), + der(1}t(1; 14)(p 1 1:41 1), 
+ der{2}t(2:?)(?:p 16q3 1:?),del(6)(p2 1}, + der(9)1(9:2}(p22:7), 
+ der(13)t(13;2)(p 11:2) + der( 14)t(14;?p 11:2), + der( 15}t( 15:7) 
(p 11:2), + der( 18)t(18;2)(p 11:7), +mar1, + mar2, +mar3, +mar4. 
b: 4n+ of a. 23/69 
2 24-h and 48-h PB c: 48,X,— X, —5, — 12, + der(3)t(3;7q 12:7), + der(5)1(5; 12q22; 10/10 
q14),+mar1,+mar2,+ min. 
24-h PB* d: 47,—X, —5,t(X;6)(q12:p22), + der(3N3;7q12;?), + der(5)t(5; 12) 19/27 
(q22:914),del(12}(q14), +min. 
3 24-h PB e: 46,XY. 18/18 
18-h PE* f: 46,XY, —4, —11,— 12, — 17, —21,de{3Xp12), + der(4)1(4;7) 3/10 
(q3 1;2),del(6)(q2 1q23),del(8)(p2 1),del( 10)(p 13), + der{(11)t(11;?) 
—(p15:?), + der(12}t(12;?p13;?), + der(2 1)t(17;2 1Nqt 1:p13), 
+ der(2 1)t(17:21Hq1 1:p13). 
g: 45,X%,-¥,-11,-12.-17,-21,- 21, del{3}(p 12), del(6) 2/10 


(q21a23), + der(7)t(7;?q22:?),del( 104p 13), + dell 1 1201 1;7) 
(p15:?), + der{ 12)t(4; 12}(q1 1;p 13), + der(2 1)t(17;2 1)— (q1 1:p 13), 
+ der(2 1)21;?p13; ?). 





PB, peripheral blood; PE, pericardial effusion. 
*Cytogenetic study was performed at relapse. 
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(5;12)(q22:q14) were found in addition to three marker 
chromosomes (Fig 2A). Chromosome constitution obtained 
at relapse showed almost the same as that obtained before 
therapy. But, a translocation involving an X chromosome- 
t(X;6)(q12;p22)-was newly found, suggesting clonal evolu- 
tion (Fig 2B). On the other hand, in case 3, the karyotype 
remained apparently normal, and no gross abnormality was 
found before therapy. At relapse, however, cells in the 
pericardial effusion also showed very complicated karyotypes 
(Fig 3A and B). Two abnormal clones were determined, one 
(Fig 3B) 
Many rearranged chromosomes, including del(3)(p12), 
del(10)(p13), +der(11)t(11:?)(p15;?), 
+der(21)t(17:21)(q11:p13) were common to each other, 


of which had a missing Y and partial trisomy 





del(6)(q21q23), 


however, suggesting that both cell lines originated from the 
same progenitor cell, Thus, all three patients had compli- 
cated chromosome constitutions, although their modal num- 
bers were near-diploid range. Abnormalities common to 
three patients were not detected. Abnormalities similar to 
those found in HTLV-I-associated ATI 


in these three cases of HTLV-I-negative ATL, however 


“e were also found 


DISCUSSION 


We present the chromosome aberrations and clinical fea- 
tures of three patients with ATL not associated with HTLV- 
l. These findings and the hematologic, pathologic, and 
immunophenotypic features of these cases as reported else- 


where’ are identical to those of HTLV-1—associated ATL.* 


The patients in this report are the same as the patients in the 
I F I 
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previous report,” in which we proved that the patients showed 
neither integration of the HTLV-I proviral genome into 
chromosomal DNA of HTLV-I 
antibody in serum. In addition, no anti-HTLV-I antibody 
was detectable in any family members. These facts indicate 


leukemia cells nor anti 


that HTLV-I was not associated with leukemogenesis in any 
of these cases of ATL, but we could not exclude the possible 
presence of a small amount of anti-HTLV-I antibody and of 
a very small fragment of the HTLV-I provirus that could not 
be detected with current techniques. Diversity in the clinical 
course of HTLV-I-associated ATL has been reported,*”’ 
Like HTLV-l—associated ATL, there was also diversity in 
the clinical course of HTLV-1|—negative ATL, ie, acute type 
and chronic type were observed in HTLV-1—negative ATL in 
this series 

Clonal and many chromosomal abnormalities are docu 
mented for HTLV-I-associated ATL by karyotype analy- 
sis.'* "45 Rowley and colleagues’ reported that trisomy for 
chromosomes 3 and 7 or 7q, and monosomy for X chromo- 
some, 14q+,. and 6q— were noted as the most common 
abnormalities in ATL, but 14q 4 


fied in any of the Caribbean ATL patients. Recently, karyo- 


abnormality was not identi- 


type analysis by the ATL Karyotype Review Committee 
1985 of 78 ATL patients from 13 institutions in Japan 
revealed that +3, +7 


6q21, 10r |1 
abnormalities in ATI 


-X rearrangements involving 6q15, 
13, 14q11, and 14q32 were the most common 
> In the carly phases of ATL, how 
ever, such as in smoldering ATL.*” or in chronic ATL, 


minimal chromosomal abnormalities have been reported 


Fig 1 Q-banded karyotype 
of a leukemia cell from case 1 
Exact karyotype is shown in 
Table 2(a) 
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Fig 2. G-banded karyo- 
type of a leukemia cell from 1 3 14 
case 2. (A) Before therapy. 
Exact karyotype is shown in 
Table 2(c). (B) At relapse. p. Ld t 
Exact karyotype is shown in 
19 20 


Table 2(d). 


As presented here, in acute HTLV-!-negative ATL, clonal 
and many chromosomal abnormalities were observed. In 
chronic HTLV-1-negative ATL (case 3), no chromosomal 
abnormalities were found at chronic phase, but clonal and 
many abnormalities, including del(6)(q21q23), +der- 
(7)t(7;?)(q22;?), and del(10)(p13), were found at relapse. In 
case |, abnormalities involving the proximal portion of 
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chromosome 14,+der(1)t(1;14)(q13:q11) were found. Re- 
cently, abnormalities involving 14q1 1-q13 have been increas- 
ingly reported in various T cell malignancies. including 
ATL."*'97!-232627 In case 2, trisomy for chromosome 3, 
+der(3)t(3:?)(q12:?), and monosomy for X chromosome 
were observed. From these cytogenetic findings, it is specu- 
lated that HTLV-I—negative ATL cells also have chromo- 
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somal abnormalities similar to those reported in HTLV- 


l-positive ATL or other T cell malignancies 

The number of HTLV-I-negative ATL cases reported is 
very small, indicating a need for close scrutiny of this disease 
Results indicate no detectable differences between the clini- 
cohematologic, cytopathologic, immunologic, and karyotype 
features of HTLV-1-—positive and HTLV-I—negative ATLs 


The findings of HTLV-1—negative ATL suggest that there is 





genes closely 
T cell. We consider the role of HTLV-I in the etiology of 
to be similar to that of Epstein-Barr virus in Burkitt's 


Causative agent of ATL may not always be 


SHIMOYAMA ET Al 


Fig 3 Q-banded karyotype 
of a tumor cell in pericardial effu 
sion of case 3. Two clones, A and 
B, were observed. Exact karyo 
types of clones A and B are 
shown in Table 2(f) and 2(g), 
respectively 


i similar underlying mechanism(s) in leukemogenesis as well 
is in the malignant process of both HTLV-I-related and 
The presence of HTLV-1-—nega- 
Suggests the existence of unknown cellular onco- 


related to the transformation of inducer/helper 


CHROMOSOME ABERRATIONS OF HTLV-i-NEGATIVE ATL 


HTLV-1; hence, the disease entity of ATL may not always 
be defined as an HTLV-1-induced T cell malignancy. 
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Establishment and Characterization of a Cell Line, TOM-1, Derived Froma 
Patient With Philadelphia Chromosome-Positive Acute Lymphocytic Leukemia 


By Mihiro Okabe, Shozo Matsushima, Masanobu Morioka, Masanobu Kobayashi, Shuichi Abe, Keisuke Sakurada, 
Mitsuaki Kakinuma, and Tamotsu Miyazaki 


A new Philadelphia chromosome (Ph')-positive cell line, 
designated TOM-1, was derived from bone marrow cells of 
a patient with Ph'-positive acute lymphocytic leukemia 
(ALL). The TOM-1 cells were positive for la and B1 antigens 
and terminal deoxynucleotidyl transferase (TdT) but nega- 
tive for common ALL antigen. Although neither surface Ig 
nor cytoplasmic Ig was detected, the TOM-1 cells con- 
tained rearranged immunoglobulin-H chain genes but 
retained germ-line x chain and germ-line T celi receptor 
8-chain genes. These results indicate that the TOM-1 cells 
reside as the progenitor of pre-B cells. We have investi- 
gated the chromosome 22 breakpoint and c-ab/ gene 
expression in the TOM-1 cells. We found that the break- 


HE PHILADELPHIA (Ph') chromosome is a typical 
cytogenetic abnormality observed in chronic my- 
elogenous leukemias (CML).' However, the Ph’ chromo- 
some has also been observed frequently in acute lymphocytic 
leukemias (ALL). since Propp and Lizzi reported a case of 
Ph'-positive ALL.* 

It has been generally accepted that the development of cell 
lines derived from various types of hematopoietic disorders 
may offer the means by which to resolve the pathophysiology 
of the diseases. Several Ph'-positive leukemia cell lines have 
been established from patients with CML in blastic crisis” 
and have offered opportunities for analysis of the molecular 
events accompanied by the (9:22) translocation.*” 

it has been reported that, in CML cells, the c-ah/ gene 
translocated from chromosome 9 to chromosome 22 and 
aberrant 8-kb c-ab/ mRNA, longer than that of normal 
counterparts, was transcribed.”'' In CML the breakpoints on 
the chromosome 22 cluster are within approximately a 
5.8-kb segment, which is referred to as breakpoint cluster 
region (ber). These findings strongly suggest the role of 
c-abl and ber genes in the pathogenesis of CML. At present it 
is unknown whether or not the breakpoint on chromosome 22 
and the abnormal expression of the c-ab/ gene found in the 
CML cells can be extended to Ph'-positive ALL. 

We have established a new leukemic cell line, designated 
as TOM-1, from a patient with Ph'-positive ALL. This cell 
line, as far as we are aware, is the first cell line derived from a 
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point on chromosome 22 was within the breakpoint cluster 
region (ber) in the TOM-1 cells. We also found the break- 
points within or near ber in four of six Ph'-positive ALL 
cases, similar to the findings in Ph'-positive CML cases. 
Amplification of the c-ab/ gene was not detected in the 
TOM-1 cells. The leukemic cells isolated from a patient 
with CML in myeloid crisis contained a novel 8-kilobase 
(kb) ab/-related messenger RNA (mRNA), but the TOM-1 
cells contained c-ab/ transcripts of only normal sizes, 
despite the fact that they showed the ber gene rearrange- 
ment. 

© 1987 by Grune & Stratton, Inc. 


Ph'-positive ALL patient. This cell line was identified as the 
progenitor of pre-B cells, as revealed by analyses of cell 
surface antigens and Ig gene rearrangements. We report 
here ber gene rearrangement and expression of c-ah/ gene in 
the TOM-1 cells. 


CASE REPORT 


A 54-year-old female was referred to the Department of Internal 
Medicine, Kanazawa Medical College, on September 9, 1983, 
displaying marked leukocytosis (WBC count: 42.5 x 10°/L). The 
diagnosis was ALL, which phenotypically was Ia-positive and com- 
mon ALL antigen (CALLA)-positive. She then received combina- 
tion chemetherapy with vincristine, cyclophosphamide. Adriamycin 
(doxorubicin, Farmitalia, Milan, Italy) and Predonin (prednisolone. 
Schering, Kenilworth, NJ): but remission was not achieved. She was 
referred to our hospital on November 14, 1983. On admission, her 
peripheral blood examination revealed RBC count 415 x 10'°/L and 
WBC count 8.2 x 10°/L with no appearance of leukemic cells. The 
bone marrow aspirate showed hypercellular marrow (nuclear cell 
count: 85.9 x 16'°/L) consisting of 89.7% leukemic cells. The Ph! 
chromosome was identified in all bone marrow cells analyzed. In 
May 1984. complete remission was achieved after MOAD therapy: 
moderate-dose methotrexate, vincristine, asparaginase, and dexa- 
methasone.'? At that time the Ph’ chromosome was not detected in 
bone marrow or peripheral blood cells. After remission was achieved, 
a transversion into chronic CML was not found. However, the 
patient relapsed and died of respiratory failure due to bacterial 
pneumoniz in July 1984, 


MATERIALS AND METHODS 


Culture of leukemic cells. Heparinized blood was taken by bone 
marrow aspiration from the patient on November 14, 1983. Mono- 
nuclear ceils were separated by Ficoll-Hypaque density sedimenta- 
tion, washed twice, and suspended in complete mediums RPMI 1640 
was added with 10% fetal bovine serum, 2 mmol/L L-glutamine, 25 
mmol/L Hepes buffer, 100 U/mL penicillin G, and 100 ug /mL 
streptomycin. The leukemic cells were cultured in tissue culture 
plastic flasks in humidified atmosphere added with 5% CO, at 
37°C; 

Cytochemistry. Staining with periedic-acid Shiff (PAS), perox- 
idase, acid phosphatase, Sudan Black B (SBB), «-naphthyl butylate 
esterase (a-NBE), and naphthol AS-D chloroacetate esterase 
(NACE) was performed on primary and established leukemic cells. 

Phenotypical analysis. Surface immunoglobulin (sig) and cyto- 
plasmic immunoglobulin (clg) were analyzed by direct immuno- 
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CELL LINE TOM-1 OF PH'-POSITIVE ALL 991 
Table 1. Clinical Profiles of the Patients with Ph’-Positive ALL 
FAB Phenotypical Markers Karyotype Analysis 
Case Age/Sex Classification OKlat J45 Pan-8 OKT3 OKM1 TdT Karyotype Prior to Tx Post Tx 
1 59/F L2 100 70 40° <1 NT 46,XX.t(9q+:22q—) 95% O%t 
46. XX 5% 100% 
2 35/M L2 97 80 3” a 46, XY.1(/9q+:22q-—) 75% 77%§ 
46.XY 25% 23% 
3 58/M L2 95 53 44° 1.8 48 + 46.XY.119q+:22q-—) 100% 67%§ 
46.XY 0% 33% 
4 41/M Ri 80 90 94 2.1 49.XY, + 6q- .t(9q+:22q—) 100% O%t 
46.XY 0% 100% 
5 37/F t2 77 69 73 3.4 4.2 + 46.XX, + 22q— .1(9q+ :22q—) 43% 58%t 
46.XX 57% 42% 
6 46/F L2 85 80 70) 1.0 9.6 NT 45.XX, -7.t(9q+:22q-) 100% O%+t 
46. XX 0% 100% 





Abbreviations: Tx, therapy; NT, not tested 
*OKB1. 

tin complete remission. 

tin no response. 

§in partial remission 

| OKB2. 


fluorescence methods, Fluorescein isothiocyanate (FITC)-labeled 
goat F(ab); antihuman immunoglobulin was purchased from Cappel 
Laboratories, Cochranville, PA. Subset and/or stage-specific sur- 
face markers were analyzed by an EPICS C flow cytometer (Coulter 
Electronics, Hialeah, FL) using commercially available monoclonal 
antibodies (MoAbs) and FITC-labeled F(ab); fragment of goat 
antimouse IgG antibody (Cappel Laboratories). The MoAbs J-5," 
OKlal,"* OKBI,'* OKB2,* OKT3,” OKT4,” and OKT8" were 
purchased from Ortho Pharmaceutical, Raritan, NJ. Terminal de- 
oxynucleotidyl transferase (TdT) activity was assayed by the 
method of Hoffbrand et al” and was given as units per 10° cells 
where | unit equaled to | nmol of substrate polymerized per hour. 
Epstein-Barr nuclear antigen (EBNA) was assayed by the anticom- 
plement immunofluorescence method as described by Reedman and 
Klein.” 

Chromosomal analysis. The cells were cultured in the presence 
of colcemide for one hour before harvesting, resuspended in 0.075 
mol/L KCI for 15 minutes. spread on microscopic slides, fixed in 3:1 
methanolacetic acid, and air dried. A G-banding technique was used 
for analysis.” 

Analyses of immunoglobulin, T cell 8-receptor, and ber 
genes. High-mol wt DNA was extracted from the cells according 
to the method of Perucho et al”! with minor modifications.” Ten to 
20 ug of DNA were digested to completion with either EcoRI, 
BamHI, Hind lll, or Belli, electrophoresed through 0.75% agarose 
gels and transferred to nitrocellulose membranes.” The membranes 
were hybridized with nick-translated DNA probes as described 
previously,” washed five times with a solution containing 0.5 x SSC 
(45 mmol/L sodium chloride plus 4.5 mmol/L sodium citrate) and 
0.1% (wt/vol) SDS at 65 °C and autoradiographed at —80 °C with 
an intensifying screen for several days. J, probe was a 3.3-kb 
EcoR\-Hind\ fragment of (Ch4AHIgu24).™ and J, probe was a 
Sacl-Sacl fragment of embryonic J, region,”* both obtained by the 
courtesy of Dr T. Honjo. 

A plasmid (JUR-82) containing human T8 cDNA (JUR-# 2), 
which spanned from nine bases 5’ of J segment to poly-A tract,” was 
kindly provided by Dr T. W. Mak, and its 0.85-kb PstI fragment was 
used as T8 probe. A human bcr probe (Probe-1), a 1.2-kb HindIIl- 
Bgl\\ fragment,” was purchased from Oncogene Science, Mineola, 
NY. 

Analyses of c-abl genes’ expression. RNA was extracted by the 
guanidinum, thiocyanate-cesium chloride method” and selected for 


poly(A)-containing species on an oligo(dT)-cellulose column 
Northern blot analysis of polyadenylated RNA extracted from the 
cells was carried out according to the method of Goldberg.” Ten 
micrograms of polyadenylated RNA in a solution containing 50% 
formamide; 7% formaldehyde: 20 mmol/L Mops, pH 7.0; 5 mmol/1 
Na acetate; and | mmol/L EDTA were heated to 60 °C for five 
minutes and cooled immediately on ice. The samples were electro 
phoresed through a 1.0% agarose gel containing 7% formaldehyde 
Then the gel was equilibrated in 20x SSC for 45 minutes and 
blotted onto Biodyne membrane (Pall, Glen Cove, NY). After 
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Fig 1. (A) Morphological characteristics of the TOM-1 cells 
and (B) the original leukemic cells in bone marrow of the patient 
stained with May-Grünwald-Giemsa. 
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Table 2. Phenotypical Characterization of the Original Leukemic Cells and the TOM-1 Cells at Various Days 
After the Beginning of Cultivation 
Patient's Leukemic 
Cells (Bone Marrow) = 
11/7/83 2/3/84 4/26/84 8/31/84 12/5/84 2/13/85 10/30/85 

J-5 81% 76% 13% 5% 0 0 0 
OKla1 49% 99% 77% 99% 95% 95% 33% 
OKB1 5% 69% 64% 70% 90% 95% 90% 
smig o 0 0 0 NT 0 o 
cig o o 0 NT o NT 0 
OKT3 30% 0 NT NT (0) NT NT 
OKT4 10% 0 NT NT NT NT NT 
OKT8 20% Oo NT NT NT NT NT 
OKT11 NT NT NT NT NT NT NT 
E-R ie) NT o NT NT NT NT 





Abbreviations: NT, not tested; E-R, E rosette formins cells. 


baking in a vacuum at 80°C for two hours, the membrane was 
hybridized with 2 to 3 x 10° cpm/mL of a nick-translated abl- 
specific probe (1.5-kb Bg/ II fragment of pAb3™”) in a solution 
containing 50% formamide; 5x Denhardt's solution; 5x SSPE; 0.3% 
SDS: 250 ug/mL Escherichia coli DNA at 42 °C overnight; washed 
three times with 2x SSC, 0.1% SDS and two times with 0.1 x SSC, 
0.1% SDS; and then autoradiographed at — 80 °C. 

Cultured leukemic cell lines and fresh leukemic cells used for 
gene analyses. Two Ph'-positive leukemic cell lines, K562’ and 
NALM-1,* and a T cell leukemic cell line, Molt-4F,"' were used as 
controls. Fresh leukemic cells of six patients with Ph'-positive ALL 
and seven patients with Ph'-positive CML were obtained from either 
peripheral blood, bone marrow, or spleen. The clinical profiles and 
the analysis of cell surface markers of Ph'-positive ALL cases are 
summarized in Table 1. 


RESULTS 


Cultivation of primary leukemic cells and establishment 
of a cell line. A gradual proliferation of leukemic cells was 
observed within a few days of culture. One half to one third 
of the medium was changed weekly. After the fourth week 
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the cells started to grow vigorously and were maintained in a 
continuous culture by serial cell transfers. This cell line, 
TOM-1, has been maintained for more than 100 genera- 
tions. 

Cytologic characteristics of TOM-1 cell line. May- 
Griinwald-Giemsa (MGG) staining showed that the TOM-1 
cells were mostly round or ovoid and uniformly large (12 to 
15 um in diameter). Each cell contained an ovoid nucleus 
composed of fine chromatin with one or two nucleoli. The 
cytoplasm was remarkably basophilic and contained no 
granules (Fig 1A). These cells were similar to the original 
leukemic cells in the patient’s bone marrow (Fig 1B). Cyto- 
chemical analyses of the TOM-1 cells and the original 
leukemic cells showed thet both cells were positive for PAS 
stain but negative for peroxidase, SBB, acid phosphatase, 
a-NBE, and NACE stains. 

Phenotypical analysis. The results of surface marker 
analysis are shown in Table 2. The original leukemic cells 
were la-positive and CALLA-positive but lacked T cell 
markers and surface and cytoplasmic immunoglobulins. It 
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Fig 2. Chromosomal analysis of the 
ee =a. as p Ai TOM-1 cells. The Ph' chromosome, result- 
ing from reciprocal translocation of chro- 
19 20 21 mosome 9 and 22 t(9:22), is indicated by 


arrows (—-). 
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was not certain whether they were positive for the BI 
antigen, because only 5% of the bone marrow aspirate cells 
were BI antigen positive. Three months after the beginning 
of culture, the TOM-1 cells were 76% CALLA-positive, 99% 
OKlal-positive, and 69% Bl-positive. Thereafter they 
tended to lose CALLA-positivism, but the expression of B1 
and la antigens remained unchanged. Neither surface Ig nor 
cytoplasmic Ig was detected. TdT activity was positive, and 
EBNA was negative. 

Chromosomal analysis. Repeated karyotype analyses 
have revealed that all TOM-1 cells had the Ph' chromosome. 
Most cells showed the karyotype 46. XX. t(9:22) (Fig 2), but 
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a few cells showed aneuploid karyotypes (47 to 49). These 
chromosomal! and phenotypical analyses support the deriva- 
tion of TOM-1 cells from the original leukemic cells. 

Immunoglobulin gene configurations. Southern hybrid- 
ization of EcoRI-digested DNA with J, probe (3.4-kb 
Eco-R1-BamHI fragment) is shown in Fig 3B. The TOM-1 
cells contained rearranged Jy genes (lane 1). Southern 
hybridization of EcoRI-digested DNA with J, probe showed 
that the TOM-| cells contained only germ-line J, genes (Fig 
3C): 

The leukemic cells from five patients with Ph'-positive 
ALL were analyzed for their phenotypic profiles and Ig gene 


= 2.3 


Fig 3. Analysis of immunoglobulin gene configurations by Southern blot hybridization. (A) The human Ig gene probes used in this 
study. A: restriction map of J, probe, a 1.9-kb Sact-Saci fragment was used as J, probe. 8: restriction map of p(Ch4AH Igu24). 3.4-kb 
Eco-Ri-Hind\ll fragment subcloned in pBR 322 was kindly supplied by Dr T. Honjo. The 3.4-kb fragment was purified and used as J, 
probe. (B) Configuration of Ją genes in EcoRI-digested DNA. (C) Configuration of J, genes in Eco-Ri-digested DNA. The rearranged genes 
are indicated by arrows (P). The TOM-1 cells (lane 1) and all five cases of Ph'-positive ALL (lanes 2 through 6) showed rearranged J, genes. 
The Molt-4F, a T cell leukemia cell line (lane 7), showed germ-line J,, gene (or an allele could have been deleted). A case of Ph'-positive ALL 
(lane 6) contained a rearranged J, gene in EcoRI-digested RNA. Human placenta DNA is in lane 8. 
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rearrangements. The leukemic cells from all cases were la’, 
CALLA‘, Pan-B*’”, clg’, slg’, and T cell markers . These 
characteristics are common to CALLA-positive non-T, 
non-B ALL. All leukemic cells contained rearranged Jy 
genes (Fig 3B). Four of five cases showed germ-line J, genes, 
but one case contained rearranged J, genes in Eco-RI- 
digested DNA (Fig 3C, lane 6). 

T cell B-receptor gene configurations. The T8 cDNA 
probe used was JUR-8 2, which hybridizes with C81 and 
C2 because these two gene segments share a high degree of 
homology. EcoRI-digested germ-line T3 region genes gave 
two hybridization signals, 11 kb for C81 and 4 kb for C82 
(Fig 4A).™ HindI11-digested germ-line T8 region genes gave 
three hybridization bands, 8kb and 6 kb for C62 and 3 kb for 
C81 (Fig 4B). The TOM-1 cells contained only germ-line T8 
genes (lane 1). In five Ph'-positive ALL cases, three cases 
contained germ-line patterns, but two other cases contained 
rearranged T8 genes. (They showed deleted C81 genes in 
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both EcoR I-digested DNA and Hindlll-digested DNA and 
rearranged C82 genes in HindIII-digested DNA [lanes 3 
and 4]). The results of lg and T8 gene analyses are summa- 
rized in Table 3. 

Analysis of ber gene rearrangements. We investigated 
ber gene rearrangements in the TOM-| cells and Ph'-positive 
ALL cells (Fig 5). The TOM-1 cells and the K562 cells 
contained the rearranged ber gene, although it was not 
detected in the NALM-1 cells. In three of 6 cases of 
Ph'-positive ALL, the breakpoints were within ber (lanes 4, 
6, and 9). Case 5 showed the breakpoint near but not within 
ber because rearrangement was found only in EcoRI- 
digested DNA (lane 8). Two cases showed germ-line pattern 
(case 2, lane 5; case 4, lane 7). In Ph'-positive CML cases, all 
seven cases showed rearrangements within or near ber (only 
one case was shown in Fig 5) (Table 4). A patient with 
refractory anemia with an excess of blasts (RAEB) in 
“transformation” who showed the hematologic findings simi- 
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Fig4. T cell ĝ-receptor gene configurations. (A) Rearrange- 
ment patterns of TCS genes in EcoRl-digested DNA and (B) in 
Hind \ll-digested DNA. Deleted or rearranged genes are indicated 
by marks (P) or arrows (—), respectively. The TOM-1 cells and 
human placenta DNA contain germ-line C8 genes (lanes 1 and 8, 
respectivaly). Those of the leukemic cells from five cases of 
Ph'-positive ALL are shown in lanes 2 through 6. Case 2 (lane 3) 
and case 3 (lane 4) show rearranged CÊ 2 genes. 
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Table 3. Ig and TĒ Genes’ Configurations and Immunophenotypic Profiles in the TOM.-1 Cells 


and the Leukemic Cells of Ph'-Positive ALL Cases 
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ig Gene Patterns 





TƏ Gene Patterns 











Hind 


Phenotypical Markers n i IC8,/C8;) 

Case la CALLA Pan-B Pan-T cig sig EcoRI EcoRI BamHI’ EcoRI 

TOM-1 + + R/R G/G G/G G/G 
Ph'-positive ALL cases 

1 + + + R/D G/G G/G G/G 

2 + + R/R G/G G/G D/G 

3 + + + R/R G/G G/G D/G 

4 + + + - R/R G/G NT G/G 

5 + + + - R/D R/G NT G/G 





Abbreviations: G, germ-line patterns; R, rearranged patterns; D, deleted pattern; NT, not tested 
*Data not shown 
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Fig5. Analysis of bcr rearrangements. The analyses were carried out in (A) Hind Ill-digested, (B) Bg/ll-digested, or (C) EcoRi-digested 
DNA. The rearrangements are indicated by arrows (—). Lane 1: the K562 cells; lane 2: the NALM-1 cells; lane 3: the TOM-1 cells; lanes 4 
through 9: Ph'-positive ALL cases; lane 10: CML case; lane 11: RAEB in “transformation” case; lane 12: human placenta DNA. (D) The 
breakpoint cluster region on chromosome 22. A restriction map of bcr gene, of which maximum size is 5.8 kb, and a 1.2-kb Hind IlI-Bg/ Il 
fragment of the human ber probe, Probe-1, are shown, as previously described by Groffer et al.” Abbreviations: Bg, Bg/Il; H, Hind Il; B, 


BamHI. 
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Table 4. Analysis of ber Gene Rearrangements 








Case Hindili Bgill BamHi* EcoRI 
K562 R R R R 
NALM-1 G G G G 
TOM-1 R R R R 
Ph`* ALL cases 
1 G R R 
2 G G G 
3 G R NT R 
4 G G G 
5 G G R 
6 G R R 
Ph'* CML cases 
1 G R G 
2> R R R 
ge G G R 
4° G G NT R 
5° G R R 
6° R R R 
7e R R R 
RAEB in "T” case G G NT G 





Abbreviations: R, rearranged; G, germ-line pattern. 
*Data not shown. 


lar to those of Ph'-negative CML (lane 11) and human 
placenta DNA (lane 12) showed germ-line patterns. These 
results are summarized in Table 4. 

c-abl Gene expression. Amplification of c-ab/ gene in 
the TOM-1 cells and Ph'-positive ALL cells was not detected 
by Southern blot analysis (data not shown). Northern blot 
analysis of polyadenylated RNA showed that the TOM-1 
cells contained abl-related mRNA of only normal length, 
approximately 6-kb and 4-kb bands, without 8 kb transcript. 
On the other hand, the leukemic cells isolated from a patient 
with CML in myeloid crisis contained a novel 8-kb abl- 
related mRNA in addition to transcripts of normal length 
(Fig 6). 


DISCUSSION 


The Ph' chromosome, resulting from reciprocal transloca- 
tions between chromosomes 9 and 22, t(9:22), is a cytoge- 
netic abnormality found in more than 90% of CML patients.’ 
Ph'-positive leukemia cells have also been found in patients 
without history of chronic CML. Some of them show the 
features of acute myelogenous leukemias, but others clearly 
show those of ALL. Two series of investigations suggested an 
incidence of about 25% Ph'-positivism among adult ALL 
cases,™ and thus Ph'-positive leukemia cells are not rare 
among adult ALL. However, as reported by Beard et al,” a 
blastic crisis of CML could occur without a preceding 
chronic phase. Therefore it may be necessary to differentiate 
lymphoid crisis of CML from Ph'-positive ALL. 

The patient presented herein, from whose bone marrow 
the TOM-1 cell line was derived, showed features of Ph'- 
positive ALL. The Ph' chromosome was identified in the 
bone marrow cells on admission but disappeared from both 
bone marrow and peripheral blood cells once complete 
remission was achieved. Chromosomal analysis also showed 
no additional abnormality except for the presence of the Ph’ 
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Fig6. ab/-Related mRNA ex- 
pression. Northern blot analysis 
of polyadenylated RNA showed 
the TOM-1 cells contained abl- 
related mRNA of normal length, 
6 kb and 4 kb bands; neverthe- 
less, a case of CML in myeloid 
crisis (CML.BC) contained 8-kb 
abl-related mRNA in addition to 
transcripts of normal sizes. 





chromosome, which is frequently found in blastic crisis of 
CML. Furthermore, a conversion into chronic CML was not 
seen. As these results support that the Ph' chromosome 
existed in the lymphoid cells but not in the hematopoietic 
stem cells, the diagnosis of Ph'-positive ALL was appropri- 
ate. 

The TOM-1 cells derived from this patient were positive 
for la and BI antigens and were negative for surface and 
cytoplasmic Ig, CALLA, and T cell markers. Korsmeyer et 
al found that Ig gene rearrangements occurred in non-T, 
non-B (no cytoplasmic Ig)-cell ALL and concluded that most 
leukemic cells of non-T, non-B ALL resided as the progenitor 
of pre-B along the B cell pathway where they initiated J, 
gene rearrangement, bore surface HLA-DR antigens, and 
later acquired CALLA and BA-1 antigens.” The TOM-1 
cells contained rearranged IgH chain genes but retained 
germ-line « chain and germ-line T8 genes. These findings 
indicate that the TOM-1 cells reside at the progenitor level of 
pre-B cells. 

Molecular events accompanied by the t(9:22) transloca- 
tion have been extensively analyzed for Ph'-positive CML, 
especially K562 cell line.*? A novel 8-kb c-abl-related 
mRNA specific to CML is a fused transcript of two genes, 
the breakpoint cluster region gene on chromosome 22 and the 
c-abl gene translocated from chromosome 9 to 22.* The 
fused protein would unmask protein kinase activity of c-abl/ 
protein and may be important in the leukemic process of 
CML.” Recently Rodenhuis et al described that Ph! chro- 
mosome of childhood ALL does not involve ber, in sharp 
contrast to Ph'-positive CML. In the present study we 
found that all seven cases of CML had a breakpoint within or 
near ber, that TOM-1 cells also showed the breakpoint 
within ber, and that four of six adult Ph'-positive ALL cases 
contained rearranged ber genes. We suggest the possibility 
that the breakpoints on chromosome 22 of adult Ph'-positive 
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ALL might be different from those of childhood Ph'-positive 
ALL. 

By Southern blot analysis c-ab/ gene amplification in the 
TOM-! cells and in the leukemic cells of Ph'-positive ALL 
patients were not found. Northern blot analysis showed that 
8-kb c-abl-related mRNA, in addition to the normal tran- 
scripts (6 kb and 4 kb), was found in the leukemic cells of 
Ph'-positive CML in a myeloid crisis patient. On the other 
hand, the TOM-1 cells contained c-ab/ gene transcripts of 
only normal length, despite the fact that they showed the ber 
gene rearrangement. At present, whether the observed c-ab/ 
gene expression in the TOM-1 cells is the representative of 
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Ph'-positive ALL accompanied by the ber gene rearrange- 
ments remains to be determined: nevertheless, this finding 
suggests the possibility that the genetic mechanism in Phi- 
positive ALL might be different from that reported for 
CML. The newly developed TOM-1 cell line may be benefi- 
cial to this line of investigation. 
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Impaired Nicotinamide Adenine Dinucleotide Synthesis in Pyruvate 
Kinase-Deficient Human Erythrocytes: A Mechanism for Decreased 
Total NAD Content and a Possible Secondary Cause of Hemolysis 


By Charles R. Zerez and Kouichi R. Tanaka 


Erythrocytes from individuals with pyruvate kinase (PK) 
deficiency have approximately half the total (oxidized and 
reduced) nicotinamide adenine dinucleotide (NAD) of nor- 
mal erythrocytes. In order to elucidate the mechanism(s) 
for the decrease in total NAD, we examined NAD synthesis 
in intact arythrocytes. It is demonstrated that NAD synthe- 
sis is impaired in PK-deficient erythrocytes to a degree that 
is dependent on the PK activity and adenosine 5-triphos- 
phate (ATP) concentration of these cells. After incubation 
in the presence of fluoride, which simulates the character- 
istics of PK deficiency by inhibiting enolase, normal eryth- 
rocytes had impaired NAD synthesis and decreased ATP 
concentrations. Fluoride did not inhibit NAD synthesis in a 


RYTHROCYTES from pyruvate kinase (PK)-deficient 
indwiduals are characterized by several metabolic 
abnormalities. One abnormality that remains unexplained is 
the decreased concentration of total (oxidized and reduced) 
nicotinamide adenine dinucleotide (NAD) in these cells”? 
Since the total NAD concentration in normal erythrocytes is 
approximately 40 umol/L* and the K,, for NAD+ of glycer- 
aldehyde-3-phosphate dehydrogenase (G3PD) under physio- 
logical cenditions is 143 mol/L,‘ the rate of the G3PD 
reaction in vivo is limited by the concentration of NAD”. 
Therefore, PK-deficient erythrocytes. with approximately 
half the total NAD of normal erythrocytes ^ should have a 
lower in vive G3PD reaction rate than normal erythrocytes. 
This is significant because, at steady state, a decreased rate 
of flux through G3PD will also cause a decreased rate of flux 
through the glycolytic reactions that follow the G3PD reac- 
tion. This includes both the phosphoglycerate kinase reac- 
tion, immediately following the G3PD reaction, and the PK 
reaction, which are the only adenosine 5’-triphosphate 
(ATP)-generating reactions in mature erythrocytes. Thus, 
decreased flux through the glycolytic reactions following the 
G3PD reaction will result in decreased ATP regeneration, 
which may enhance the hemolytic process in PK-deficient 
erythrocytes. 

The decrease in the total NAD concentration in PK- 
deficient erythrocytes cannot be attributed to a decreased 
rate of flux through lactate dehydrogenase since the concen- 
trations of both the oxidized and reduced forms of NAD are 
decreased. Thus, a decreased total NAD concentration must 
be due te other metabolic processes such as changes in the 
rate of synthesis or degradation of this coenzyme. It is not 
clear how intraerythrocytic NAD is degraded in humans 
since the only known enzyme capable of NAD degradation, 
NAD glycohydrolase (NADase; EC 3.2.2.6), is known to be 
located on the exterior of the erythrocyte membrane with no 
access to intraerythrocytic NAD.®’ NADase has also been 
shown to be an extracellular membrane-bound enzyme in 
other mammalian erythrocytes." Therefore, to determine 
the mechanism responsible for the decrease in the total NAD 
concentration in PK-deficient erythrocytes, we have concen- 
trated our efforts on an examination of the capacity of these 
cells to synthesize NAD. Human erythrocytes are capable of 
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hemolysate system that is not dependent on glycolysis for 
ATP generation. These data suggest that fluoride does not 
inhibit the enzymes of NAD synthesis and that impairment 
of NAD synthesis by fluoride is mediated by decreased ATP 
formation. Thus, it is concluded that impaired NAD synthe- 
sis in PK-deficient erythrocytes is caused by decreased 
ATP formation due to the PK deficiency. Since the rate of 
glycolysis is limited by the availability of NAD’, it is 
suggested that impaired NAD synthesis causes further 
ATP depletion and thereby may enhance hemolysis in 
PK-deficient erythrocytes. 

® 1987 by Grune & Stratton, Inc. 


NAD synthesis from nicotinic acid (niacin) in a three- 
reaction pathway first elucidated by Preiss and Handler’®! 
(Fig 1). NAD biosynthesis is highly dependent on the 
availability of ATP: in addition to the ATP required for 
NAD biosynthesis from nicotinic acid and 5-phosphoribosyl- 
\-pyrophosphate (PRPP) (Fig 1), ATP is also required for 
the synthesis of PRPP from ribose-5-phosphate.’? The data 
presented in this paper suggest that the decrease in the total 
NAD concentration in PK-deficient erythrocytes is due to 
impaired NAD synthesis caused by decreased ATP regener- 
ation. 


MATERIALS AND METHODS 


Materials 


p-Glucose was purchased from J.T. Baker Chemical Co, Philips- 
burg, NJ. All other reagents were purchased from Sigma Chemical 
Co, St Louis. The potassium salt of fluoride was used throughout this 
investigation. 


Methods 


Isolation of erythrocytes. After obtaining informed consent, 
blood was obtained by routine venipuncture from PK-deficient 
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Fig1. NAD biosynthesis in human erythrocytes. The reactions 
shown are catalyzed by nicotinic acid phosphoribosyttransferase 
(EC 2.4.2.11), reaction a; nicotinic acid adenine dinucleotide pyro- 
phosphorylase (EC 2.7.7.18), reaction b; and NAD synthetase (EC 
6.3.5.1), reaction c. AMP, adenosine 5'-monophosphate: PP,, inor- 
ganic pyrophosphate. 


individuals and anticoagulated with heparin (15 U/mL whole 
blood). Blood from normal subjects and from individuals with 
hemolytic anemia of unknown etiology served as appropriate con- 
trols. The separation and washing of erythrocytes have been 
described previously.'? Erythrocytes were used immediately after 
isolation. 

Preparation of hemolysates. Hemolysates used to determine 
PK activity were prepared by using a freeze-thaw method.'? Hemo- 
lysates used to measure NAD synthesis were prepared by using 
osmotic lysis of intact cells without freeze-thawing since the latter 
manipulation markedly decreases the conversion of nicotinic acid to 
the NAD precursor nicotinic acid mononucleotide’ (Fig 1, reaction 
a). Suspensions of erythrocytes were centrifuged at 3,000 g for ten 
minutes. Two volumes of a solution containing 2.7 mmol/L EDTA, 
pH 7.0, and 0.70 mmol/L 2-mercaptoethanol were added to the 
packed erythrocytes and mixed gently. Examination under a light 
microscope revealed that more than 99.9% of the erythrocytes were 
lysed after this treatment. This hemolysate was used immediately in 
the NAD synthesis assay. 

NAD synthesis assay. Conditions for the NAD synthesis assay 
in intact erythrocytes were a modification of the system of Preiss and 
Handler.” The incubation mixture contained 40 umol potassium 
phosphate, pH 7.4; 75 umol KCI; 75 umol NaCl, 30 umol D-glucose: 
1.0 umol nicotinic acid: 5.0 pmol L-glutamine; and intact erythro- 
cytes equivalent to 42 mg hemoglobin (Hb) in a total volume of 1.00 
mL. The assay was started by adding the appropriate volume of 
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erythrocyte suspension, and the complete incubation mixture was 
maintained at 37°C. Conditions for the NAD synthesis assay in 
hemolysate were developed by modifying the previous incubation 
mixture. Glucose and inorganic phosphate were replaced with PR PP 
so that NAD synthesis would be independent of glycolysis. NaCl was 
eliminated since the maintenance of isotonic conditions was no 
longer necessary, and MgCl, was added since the endogenous 
concentration of magnesium is, presumably, decreased after cell 
lysis due te dilution of the cell contents. Thus, the incubation mixture 
for NAD synthesis in hemolysate contained 10 umol Tris-HCI, pH 
7.4; 5.0 umol KCI; 1.0 umol nicotinic acid; 15 umol MgCl; 5.0 umol 
PRPP; 5.0 umol ATP; 5.0 umol L-glutamine; and hemolysate 
equivalent to 42 mg Hb in a total volume of 1.00 mL. The assay was 
started by adding the appropriate volume of hemolysate, and the 
complete incubation mixture was maintained at 37°C. 

NAD synthesis in both the intact erythrocyte and hemelysate 
incubation mixtures was determined by measuring the accumulation 
of the tota? (oxidized and reduced) NAD concentration after various 
times of incubation. Thus, at the times indicated, a 0.20-mL aliquot 
was withdrawn, maintained in a boiling water bath for 60 seconds, 
and then cooled to 0°C. The heat-treated aliquot was centrifuged to 
remove cell debris and denatured proteins. To minimize interference 
by compounds present in the incubation mixture, the supernatant 
was diluted tenfold before determination of the total NAD concen- 
tration with the sensitive cycling method of Bernofsky and Swan.” 
The total NAD concentration, instead of oxidized NAD (NAD‘), 
was measured since NAD* can readily be converted to its reduced 
form (NADH) following synthesis. 

ATP formation from PRPP. Conditions for ATP formation 
from PRPP and endogenous AMP and inorganic phosphate were 
identical to those used to measure NAD synthesis in the hemelysate 
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Fig2. NAD synthesis in intact normal erythrocytes. (A} Opti- 
mal conditions were used (see Materials and Methods}. (B) Physio- 
logical conditions were used (5.0 mmol/L glucose, 1.0 mmol/L 
glutamine. and 5.0 mmol/L inorganic phosphate: other conditions 
are the same as for the optimal system). The following incubation 
conditions were used: complete system (closed circles), without 
glutamine (open circles). 
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Table 1. The Quantity of NAD Synthesized in Intact Red Cells From Normal Subjects 
and PK-Deficient Patients After 20 Hours of Incubation 








PK 
Activity ATP Total NAD Accumulated 
Subject Splenectomy (umol/min - mL RBC) {umol/g Hb) (umol/g Hb) 

Normal (n = 8) No 5.53 + 0.82 3.61 + 0.66 1.35 + 0.24 
PK deficient 

Patient 1 

(41% reticulocytes) Yes 0.60 1.90 0.53 

Patient 2 

(7.5% reticulocytes} No 0.57 2.54 0.70 

Patient 3 

(7.5% reticulocytes) No 1.52 2.83 1.04 





system (see earlier) except that ATP was omitted from the reaction 
mixture. When ATP formation from PRPP was measured in the 
presence of exogenous AMP and inorganic phosphate, the aforemen- 
tioned reaction mixture was supplemented with 1.0 mmol/L AMP 
and 20 mmol/L potassium phosphate (pH 7.4). At the indicated 
times, aliquots were withdrawn and heat-treated as described ear- 
lier. Following centrifugation, the supernatant was used to quanti- 
tate ATP as described by Beutler." 

The rate of ATP formation was also measured by using a 
continuous spectrophotometric assay that contained 10 amol Tris- 
HCI, pH 7.4; 5.0 umol KCI; 1.0 umol nicotinic acid; 15 umol MgCl, 
5.0 pmol PRPP; 5.0 umol L-glutamine: 0.40 umol NADP: 1.0 pmol 
D-glucose; 1.2 IU glucose-6-phosphate dehydrogenase; 8.0 IU hexo- 
kinase; and hemolysate equivalent to 1.7 mg Hb in a total volume of 
1.00 mL. The reaction mixture was preincubated at 37°C and then 
started by adding the appropriate volume of PRPP. The absorbance 
was monitored at a wavelength of 340 nm by using a Gilford model 
252 spectrophotometer (Gilford, Ciba~Corning Diagnostics, Ober- 
lin, OH) with a slit width of 0.80 mm. The relatively wide slit width 
was required because the amount of hemolysate necessary for the 
reaction resulted in a relatively high initial absorbance. However, 
because the absorbance band of NADPH is fairly wide, the millimo- 
lar extinction coefficient of NADPH remains 6.22 at a slit width of 
up to 1.0 mm.” 

Other methods. PK activity was determined as described by 
Tanaka.” The whole blood ATP content was determined spectro- 
photometrically by using neutralized perchloric acid extracts." 
This method was also used to measure the ATP concentration in 
intact erythrocytes during incubation with fluoride. The Hb concen- 
tration was determined by using the cyanmethemoglobin method."* 
Data were expressed as the mean + | SD. 


RESULTS 


Intact human erythrocytes are capable of NAD synthesis 
when incubated in the presence of glucose, inorganic phos- 
phate, glutamine, and nicotinic acid.'*'? We have found that 
normal erythrocytes increased their original total NAD 
content five to 15 times after incubation with the latter 
compounds for 20 hours (Fig 2A). Relatively little total 
NAD was accumulated in the absence of glutamine from the 
incubation mixture (Fig 2A). Since glutamine is essential for 
NAD synthesis in human erythrocytes," this suggests that 
the total NAD accumulation is due to NAD synthesis. To a 
lesser extent, the total NAD also accumulated when the 
concentrations of glucose, glutamine, and inorganic phos- 
phate in the incubation mixture were reduced to simulate 
more physiological conditions (Fig 2B). This suggests that 
NAD synthesis in normal mature RBC is physiologically 
significant. 


The quantity of total NAD accumulated after 20 hours of 
incubation in erythrocytes from eight normal subjects was 
1.35 + 0.24 umoL/g Hb (Table 1). RBC from five patients 
with hemolytic anemia of unknown etiology (9.0% to 15% 
reticulocytes) accumulated 1.14 + 0.14 umol NAD/g Hb. In 
contrast, erythrocytes from three PK-deficient patients accu- 
mulated substantially less total NAD than erythrocytes from 
normal subjects (Table 1). NAD synthesis in PK-deficient 
erythrocytes correlated positively with PK activity and the 
level of intraerythrocytic ATP. Erythrocytes from PK- 
deficient patient 3, who had the highest PK activity and ATP 
content, accumulated 1.04 umol total NAD/g Hb (Table 1). 
In contrast, erythrocytes from PK-deficient patient 1, who 
had the lowest ATP content, accumulated only 0.53 umol 
total NAD/g Hb (Table 1). Since this patient had undergone 
splenectomy (Table 1), presumably a greater proportion of 
more defective erythrocytes was in circulation. 

Since the capacity of PK-deficient erythrocytes to synthe- 
size NAD correlated with their ATP content, we examined 
the total NAD accumulation in normal erythrocytes using 
fluoride to inhibit enolase” and reduce ATP formation. 
Incubation of intact normal! erythrocytes with fluoride under 
conditions that yield optimal NAD synthesis resulted in ATP 
depletion to a degree that was dependent on the concentra- 
tion of fluoride added to the incubation mixture (Fig 3). 
Hence, as little as 0.! mmol/L fluoride led to a 28% decrease 
in the ATP content after six hours of incubation (Fig 3). A 
fluoride concentration of 1.0 mmol/L was sufficient to cause 
a 34% decrease in the ATP concentration after only three 
hours of incubation (Fig 3). The addition of fluoride to the 
incubation mixture resulted in marked inhibition of NAD 
synthesis in normal intact erythrocytes. A fluoride concen- 
tration of only 0.10 mmol/L caused a 17% inhibition of total 
NAD accumulation (Fig 4). Higher concentrations of fuo- 
ride were more effective in impairing NAD synthesis, with 
1.0 mmol/L fluoride causing full inhibition of total NAD 
accumulation (Fig 4). 

The impairment of NAD synthesis by fluoride is most 
likely due to decreased ATP regeneration. However, since it 
is not known what effect fluoride has on the enzymes of NAD 
synthesis, we determined the effect of fluoride on these 
enzymes by measuring total NAD accumulation in a hemo- 
lysate system that is not dependent on glycolysis (and 
enolase). 

Since the present experiment is the first known demonstra- 
tion of NAD synthesis in a human hemolysate system, the 
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Fig 3. The effect of fluoride on the ATP concentration of 
intact normal erythrocytes under optimal conditions for NAD 
synthesis. The following incubation conditions were used: com- 
plete system (circles), with 0.10 mmol/L fluoride (triangles), with 
1.0 mmol/L fluoride (squares). 


effect of omissions of various components of the incubation 
mixture was examined. There was no total NAD accumula- 
tion in the absence of nicotinic acid, MgCl, glutamine, or 
PRPP after 20 hours of incubation (Table 2). In contrast, the 
absence of ATP resulted only in a 32% decrease in the total 
NAD accumulation after 20 hours of incubation (Table 2). 
However, there was no tota! NAD accumulation when both 
ATP and PRPP were excluded from the incubation mixture 
(Table 2). This suggests that the substantial accumulation of 
total NAD observed in the absence of added ATP may be 
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Fig4. The effect of fluoride on NAD synthesis in intact normal 


erythrocytes under optimal conditions. The following incubation 
conditions were used: complete system (closed circles), without 
glutamine (open circles), with 0.10 mmoi/L fluoride (closed trian- 
gles), with 0.50 mmol/L fluoride (open triangles}, with 1.0 mmol/L 
fluoride (squares). 
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Table 2. The Effect of Omissions of Various Components of the 
incubation Mixture on NAD Synthesis in Hemotysate 





Total NAD Accurnulated 





Contents of in 20 Hours 
incubation Mixture {umol/g Hb) 
Complete 0.361 
Without nicotinic acid 0 
Without MgCl, 0 
Without glutamine 0 
Without PRPP 0 
Without ATP 0.247 


Without ATP and PRPP (6) 





due to ATP regeneration from PRPP and endogenous AMP, 
Previous studies have shown that PRPP synthetase (EC 
2.7.6.1), the enzyme responsible for PRPP synthesis from 
ATP and ribose-5-phosphate, can catalyze the reverse reac- 
tion nearly as well as the forward reaction.’ To determine 
whether ATP was being regenerated from PRPP under our 
experimental conditions, we measured ATP formation under 
the same conditions that yield optimal NAD synthesis in our 
hemolysate system. To ensure that the presence of the NAD 
precursors does not interfere with the reverse PRPP synthe- 
tase reaction, we first examined ATP formation from PRPP 
when AMP and inorganic phosphate were exogenously sup- 
plied to the reaction mixture. The results indicate that ATP 
accumulated in a time-dependent manner in the presence of 
PRPP (Fig 5A). No ATP was found to accumulate when 
PRPP was absent from the reaction mixture (Fiz 5A). This 
suggests that the NAD precursors present in the reaction 
mixture do not interfere with ATP formation from PRPP, 
Subsequently, we examined ATP formation from PRPP 
using the hemolysate’s endogenous AMP and inorganic 
phosphate. Under these conditions, no accumulation of ATP 
was observed in the presence of PRPP (Fig 5B). However, in 
the absence of PRPP, the ATP content decreased rapidly 
(Fig 5B). The lack of ATP accumulation in this system 
suggested that the rate of ATP formation from PRPP and 
endogenous AMP and inorganic phosphate was not rapid 
enough to overcome the rate of ATP utilization. To confirm 
this hypothesis, we devised a continuous spectrophotometric 
system in which the formation of ATP results in the preduc- 
tion of NADPH and a concomitant increase in the absorb- 
ance at 340 nm. In this system, the ATP that is formed is 
“trapped” by the detection system before it can be utilized 
for NAD synthesis and/or other processes. Under these 
conditions, ATP was formed readily from endogenous AMP 
and inorganic phosphate in the presence of PRPP and 
hemolysate (Fig 5C). It is noteworthy that a significant rate 
of ATP formation (4.6 umol/h - g Hb at steady state) was 
obtained with only 'sth the hemolysate (1.7 mg Hb) used for 
the NAD synthesis assay (Fig 5C). No significant ATP 
formation was observed in the absence of either PRPP or 
hemolysate (Fig 5C). Furthermore, the addition of exoge- 
nous AMP and inorganic phosphate to this system yielded a 
more rapid rate of ATP formation (Fig 5C) that is consistent 
with the rapid ATP accumulation of Fig 5A. These data 
confirm that ATP is formed from PRPP and endogenous 
AMP and inorganic phosphate under optimal conditions for 
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Fig 5. ATP formation from PRPP in hemolysate from 
normal erythrocytes. Conditions were identical to those 
used to measure NAD synthesis in hemolysate except b 
that ATP was omitted. (A) Reaction mixtures contained | 
exogenous AMP and inorganic phosphate (see Materials a 
and Methods). (B) Reaction mixtures contained no exoge- 
nous AMP and inorganic phosphate. The following incuba- | | 
tion conditions were used: complete system (closed cir- fa 4 a 
cles), without PRPP (open circles). (C) ATP formation ig ói 
measured using a continuous spectrophotometric assay Si 2 a, 
y > 4 Neera e 
system (see Materials and Methods). The following incu- Ji 
bation conditions were used: complete system {tracing 1), 3 Lee 
without PRPP (tracing 2}, without hemolysate (tracing 3), 
without PRPP and hemolysate (tracing 4). The reactions 
were started (arrow a) by the addition of PRPP (tracings 1 4——~ 
and 3) or water (tracings 2 and 4). At the indicated time 
(arrow b), the reaction mixtures were supplemented with 1 zi E ee o NT eee 
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AMP and inorganic phosphate to a final concentration of 
1.0 mmol/L and 20 mmol/L, respectively. 


NAD synthesis in hemolysate. Thus, the substantial quanti- 
ties of total NAD accumulated in the absence of ATP and in 
the presence of PRPP (Table 2) is due to the regeneration of 
ATP from PRPP. 

In the hemolysate~NAD synthesis system, there was an 
initial decrease in the total NAD concentration within the 
first two hours of incubation (Fig 6). Subsequently, total 
NAD accumulated at a linear rate up to 20 hours of 
incubation (Fig 6). The addition of up to 1.0 mmol/L 
fluoride to the incubation mixture did not affect total NAD 
accumulation in the hemolysate system (Fig 6). The initial 
decrease in total NAD concentration that is observed in this 
system (Fig 6) may be caused by the exposure of the 
intraerythrocytic NAD pool to the extracellular membrane- 
bound NADase*’ after red cell lysis. The lack of a decrease 


TIME (minutes) 


in the total NAD content when intact erythrocytes are used 
(Figs 2A and 2B) is consistent with this hypothesis since 
intraerythrocytic NAD is not exposed to NADase under 
these conditions. 


DISCUSSION 


We have shown that intact PK-deficient erythrocytes have 
impaired NAD synthesis since they accumulated less total 
NAD than normal erythrocytes when incubated with precur- 
sors essential for NAD biosynthesis (Table 1). Impaired 
NAD synthesis in PK-deficient red cells is not due to the 
higher proportion of reticulocytes since high reticulocyte red 
cell samples without PK deficiency did not demonstrate 
significantly impaired NAD synthesis. The positive correla- 
tion between NAD synthesis, PK activity, and the level of 
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Fig 6. The effect of fluoride on NAD synthesis in hemolysate 
from normal erythrocytes. The following incubation conditions 
were used: complete system (closed circles), with 0.10 mmol/L 
fluoride (closed triangles), with 0.50 mmol/L fluoride (open trian- 
gles), with 1.0 mmol/L fluoride (squares). 


intraerythrocytic ATP suggested that impaired NAD syn- 
thesis in PK-deficient erythrocytes may be caused by 
decreased ATP regeneration due to low PK activity. To 
provide further evidence for this hypothesis, we measured 
total NAD accumulation in normal erythrocytes in the 
presence of fluoride. This ion is an inhibitor of enolase” and 
has been used previously to simulate the characteristics of 
PK deficiency.” The decrease in the ATP concentration with 
time at all fluoride concentrations used (Fig 3) suggests that 
fluoride was inhibiting enolase (and glycolysis) and, presum- 
ably, simulating PK deficiency under the conditions used. 
We have found that fluoride is a potent inhibitor of NAD 
synthesis in intact erythrocytes (Fig 4) even at concentra- 
tions that cause only partial depletion of ATP (Fig 3). The 
sensitivity of NAD synthesis to inhibition by fluoride may be 
due to the requirement of several ATP molecules for the 
synthesis of one NAD molecule (Fig 1). The inhibition of 
NAD synthesis in intact erythrocytes by fluoride cannot be 
due to inhibition of PRPP synthetase since fluoride concen- 
trations as high as 50 mmol/L do not affect PRPP synthetase 
activity in crude hemolysate.” To determine whether fluo- 
ride interfered with the activity of the enzymes of NAD 
biosynthesis, we measured the total NAD accumulation in 
hemolysate by substituting PRPP for glucose and inorganic 
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phosphate. Under these conditions, NAD synthesis will not 
be dependent on glycolysis and hence enolase to provide ATP 
for PRPP formation. There was a substantial accumulation 
of total NAD in this hemolysate system (Table 2 and Fig 6). 
Since there was no accumulation of total NAD when compo- 
nents essential for NAD synthesis such as nicotinic acid, 
glutamine, MgCl,, or PRPP were excluded (Table 2), it is 
suggested that the total NAD accumulation in the hemoly- 
sate system was due to NAD synthesis. The substantial 
accumulation of total NAD observed in the absence of added 
ATP is due to ATP regeneration from PRPP and endogenous 
AMP since no total NAD accumulation is observed in the 
absence of both ATP and PRPP (Table 2) and since ATP 
formation from PRPP and endogenous AMP can be readily 
demonstrated (Fig SC). When NAD synthesis was measured 
in the hemolysate system and glycolysis and enolase were 
bypassed, fluoride had no significant effect on total NAD 
accumulation (Fig 6). This suggests that fluoride did not 
inhibit the enzymes of NAD biosynthesis in hemclysate. 

The lack of inhibition of the NAD biosynthetic enzymes 
and PR PP synthetase by fluoride in hemolysate suggests that 
impairment of NAD synthesis in intact normal erythrocytes 
in the presence of fluoride is caused by decreased ATP 
formation. These data support the hypothesis that impaired 
NAD synthesis in intact PK-deficient erythrocytes is caused 
by decreased ATP regeneration due to the PK deficiency 
itself. Furthermore, our data suggest that impaired NAD 
synthesis is a primary cause of the decreased total NAD 
concentration in PK-deficient erythrocytes. Previous studies 
from this laboratory have shown that PK-deficient erythro- 
cytes have decreased PRPP synthetase subunit aggregation 
and therefore a less active enzyme in vivo.” This is caused by 
the decreased ATP and increased 2,3-diphosphoglycerate 
concentrations in these erythrocytes.“ Thus, we have sug- 
gested that impaired NAD synthesis may also be mediated 
by the decreased in vivo activity of PRPP synthetase.” 

Impaired NAD synthesis in PK-deficient erythrocytes is 
significant because the rate of the G3PD reaction and hence 
glycolysis is limited by the NAD? content of the erythrocyte. 
Thus, impaired NAD synthesis may cause further ATP 
depletion and may be a secondary cause of hemolysis in 
PK-deficient erythrocytes. 
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On the Mechanisms of Sensitization and Attachment of Antibodies to RBC 
in Drug-Induced Immune Hemolytic Anemia 


By A. Salama and C. Mueller-Eckhardt 


The mechanisms of sensitization and attachment of drug- 
dependent antibodies to RBC in drug-induced immune 
hemolytic anemias are largely speculative. Nomifensine 
has been incriminated in causing immune hemolysis in a 
large number of patients. The hemolysis was usually of the 
so-called immune complex type, less commonly of the 
autoimmune type, and more surprisingly, few patients had 
developed both types of hemolysis. To determine whether 
nomifensine (metabolite)-dependent antibodies (ndab) 
exhibit specificity for antigenic structures of RBC mem- 
branes, 30 ndab were tested against large panels of RBC 
with common and rare antigens, We found that only 14 out 
of 30 ndab were invariably reactive with all cells tested. 
Nine antibodies were, similar to the majority of idiopathic 
or drug-induced autoantibodies, not or only weakly reac- 
tive with Rh,,, RBC. Three antibodies did not react with 
cord RBC and could be inhibited by soluble | antigen. The 


OMIFENSINE, an antidepressant drug, has been 
recently withdrawn because of the frequent occur- 
rence of life-threatening immune-mediated intravascular 
hemolysis. In almost all cases this syndrome appeared to 
reflect the typical clinical and serological picture of the 
so-called immune complex~mediated immune hemolysis. 
The hemolysis was usually transitory, intravascular, and 
often associated with renal failure. In vitro studies have 
shown that the drug does not bind firmly to target cells and 
that the causative antibodies react with RBC only in the 
presence of the drug’* and/or its metabolites, which leads 
to cell lysis by fixation of the terminal complement com- 
plexes.*’ The occurrence of autoimmune hemolytic anemia 
secondary to therapy with the drug has also been noted.*° 
A major, yet unresolved problem in this syndrome is the 
mechanism of sensitization and the true antigenic sites that 
determine the specificity of the resultant antibodies. The 
prevailing notion anticipates that drugs (haptens) first conju- 
gate with some soluble noncellular macromolecule to give 
rise to the subsequent formation of high-affinity antibodies. 
These antibodies then combine with drugs to form antibody- 
drug complexes that may attach nonspecifically to RBC by 
an “innocent bystander” mechanism.'® This hypothesis is 
based on the assumption that immunization does not require 
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remaining four antibodies gave inhomogeneous reaction 
patterns or were even negative with selected RBC; their 
specificity could not be identified. On a Scatchard plot 
analysis of one ndab, a maximum of 173,000 drug- 
dependent antibodies of the IgG class can specifically bind 
per RBC in the presence of the drug. Although nomifensine 
and its metabolites do not attach tightly onto RBC, our 
results clearly indicate that RBC do not act as "innocent 
bystanders,“ but rather serve as a surface for (1) a loose 
attachment of drugs that possibly cause a subtle structural 
change in the cell antigens and, by this means, allow in vivo 
sensitization; and (2) a specific binding of the resultant 
antibodies. This concept would explain why these antibod- 
ies can be directed against drug-cell complexes, against 
cell antigens alone (autoantibodies), or against both in the 
same patient. 

® 1987 by Grune & Stratton, inc. 


conjugation of the drug with RBC and that the antibodies 
produced do not have specificity for erythrocyte antigens.'° 
We have recently identified in one patient with nomifensine- 
induced immune hemolysis multiple nomifensine (metabo- 
lites)}-dependent antibodies (ndab) that recognize Rhesus 
blood group antigens.'' In another report the presence of 
receptors on RBC for certain drugs or drug-antibody com- 
plexes has been suggested.’ Therefore, we have reexamined 
a large number of ndab in order to see whether they exhibit 
specificity for known blood group antigens. 

Our results show that 16 out of 30 antibodies do indeed 
have specificity that is not only controlled by the drug and/or 
its metabolites but also by defined RBC antigens, particu- 
larly of the Rhesus and I/i systems. These findings provide. 
we believe, supportive evidence that in some circumstances in 
vivo sensitization to drugs may be related to the formation of 
loose, but immunogenically effective drug-cell complexes. 


MATERIALS AND METHODS 


Antibodies. Serum samples of 30 patients with clinical and 
laboratory criteria consistent with the diagnosis of drug-induced 
immune hemolytic anemia (DIHA) of the so-called immune com- 
plex type were studied.*? Each serum had ndab of the igG and/or 
IgM classes invariably reactive with pooled normal RBC in the 
presence of ex vivo antigen’ of the drug (urine containing the drug 
and its metabolites), Additionally, 22 eluates or sera containing 
RBC IgG autoantibodies (seven induced by nomifensine, four by 
a-methyldopa, one by cianidano! [(+}-2-(3,4-dihydroxypheryl)- 
3,5,7-chromatriol], and ten unselected “idiopathic” autoantibodies) 
were concomitantly studied. 

RBC. The following RBC were used: (1) pooled RBC freshly 
obtained from three or four healthy blood donors of group O with all 
major Rhesus factors, ie, D. C, c, E, e; (2) A; Rhws RBC, kindly 
provided by Professor S. Seid] (Frankfurt, FRG): (3) two commer- 
cially available panels of O RBC (Ortho Pharmaceutical Corp, 
Raritan, NJ); (4) a panel of RBC lacking high-frequency antigens or 
having rare antigens (see the legend to Table 1) was kindly supplied 
by the Medical Research Council Blood Group Unit, London. 

Drugs. The ex vivo antigen was urine of a volunteer collected 4.5 
hours after the ingestion of 200 mg nomifensine. Purified nomifen- 
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sine was kindly provided by Hoechst Pharmaceuticals (Frankfurt, 
FRG). 

Serological procedures. The reactivity of antibodies was tested 
as described.©* Serum samples were titrated against the cells in the 
presence of urine before (control) and after drug ingestion (ex vivo 
antigen). If the sera were incompatible with the cells to be tested due 
to isoagglutinins (anti-A, B) samples were preabsorbed with pooled 
A, or B RBC. After incubation for two hours at 37°C, the reactions 
were read visually for agglutination. Thereafter the RBC were 
washed three times in saline and tested by the indirect antiglobulin 
test using polyvalent antiglobulin serum (Ortho). 

Inhibition tests. Drug-dependent antibodies that showed reac- 
tivity against adult but not against cord RBC were reinvestigated 
with adult RBC in the presence of defatted and preheated human 
milk (ten minutes in boiling water) as described for anti-1."° 

Absolute number of antibodies attached per RBC. Plasma 
containing a pure nomifensine-dependent IgG antibody (no. 1, a gift 
from Dr B. Habibi, Paris) was incubated with 10 x 10° RBC (in 0.02 
mL saline) in the presence of nomifensine or saline (control). In 
preceding experiments the amount of plasma and drug needed for 
maximum binding of antibodies to RBC had been determined (0.1 
mL of plasma and 0.05 mL of a solution of 0.1 g/dL [wt/vol] 
nomifensine dissolved in 0.15 mol/L saline methanol [1:10]). After 
incubation for two hours at 37°C the RBC were separated by 
centrifugation through | mL of calcium-free Tyrode buffer (0.13 
mol/L NaCl, 27 mmol/L KCI, 16 mmol/L NaHCO,, 0.36 mmol/L 
Na, HPO., 5 mmol/L MgCl,-6H,O, pH 7.2) that was supple- 
mented with 0.2% bovine serum albumin, 1% glucose,'* and 0.001 
g/dL nomifensine (final concentration) to maintain maximal bind- 
ing of the antibodies onto the cells.* The cells were resuspended in 
0.1 mL of saline containing the drug, transferred to fresh tubes, and 
reincubated with serial dilutions of radiolabeled" and chromato- 
graphically purified polyclonal F(ab), antihuman IgG (Fc) antibod- 
ies (Jackson Immunoresearch Laboratories, Avondale, PA). After 
incubation (30 minutes at room temperature) the cells were centri- 
fuged again through the same buffer, and the radioactivity of the 
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RBC pellet was measured. Centrifugation through this buffer com- 
pletely eliminates unbound molecules.'* All experiments were run in 
triplicate, including the controls. 


RESULTS 


All antibodies reacted with pooled O RBC in the presence 
of ex vivo antigen (agglutination and/or positive indirect 
antiglobulin test), but in no case in the presence of urine 
before ingestion of the drug (negative control). Fourteen 
antibodies reacted with Rh n RBC as well as with other rare 
or common RBC whether they were tested undiluted or 
diluted. In contrast, 16 antibodies showed inhomogeneous 
reaction patterns with the RBC tested, and the majority of 
them had specificity to defined RBC antigens (Table 1). 
Nine of these antibodies were not or only weakly reactive 
with Rh, cells, and three antibodies (nos. 5, 22, 35) were 
negative with cord RBC. Against a panel of common RBC, 
some of the former antibodies, if they were available in 
sufficient amounts, also exhibited specificity to “simple” Rh 
antigens, ie, C, c, f, or to the I antigen (Table 1). 

The I specificity was also confirmed by inhibition tests 
using soluble Į antigen in human milk (Table 2). Although 
the remaining four antibodies (nos. 4, 17, 18, 30} seemed to 
recognize certain RBC antigens, their specificity could not 
be identified. 

To study the binding characteristics of the antibodies with 
homogeneous reaction patterns, we analyzed the attachment 
of a representative antibody by Scatchard plot analysis. For 
this experiment, a pure IgG ndab' was chosen. If it is 
assumed that one molecule of the F(ab), binds to one 
molecule of human IgG, the maximum amount of antibody 
binding sites was 173,000 per RBC (Fig 1). This value is, 
however, only an approximation since the antibodies used 


Table 1. ndab With Specificity for RBC Antigens 














Reciprocal Titer 
{Agglutination/AGT) Differentiation With 
Case* Pool Rhu Commercial Panels Rare Panelit 

7 64/512 -/~ Strong only with c Strong only with © 

8 2/64 -{- NT NT 
11 2/8 -/1tw) NT NT 
14 ~/16 ~f- IHRP IHRP 
20 64/16 1/1 Strong only with C Strong only with C 
23 1/16 ~} tiw) NT NT 
27 1/32 1/1{w) Strong only with f IHRP. 
41 1/4 ~[- NT NT 
49 -/8 -/- HRP {HRP 

5 ~/4 ~/4 Negative with cord RBC NT 
22 ~/8 -/8 Negative with cord RBC NT 
35 4/16 4/16 Negative with cord RBC IHRP 

4 8/ 1(w) 4/1(w) JHRP IHRP 
17 8/1(w} 8/ tw) IHRP Negative with cD(e) + 
18 16/2 16/2 {HRP Negative with pp RBC 
30 ~/4 ~/2 IHRP NT 





Abbreviations: AGT, antiglobulin test; IHRP, inhomogeneous reaction pattern; NT, not tested; (w), weak reaction. 


*indicates the number of patients in previous studies.°° The results with normal RBC show some discrepancies with our previous studies since 


another sample of ex vivo antigen and often different serum sampies of individual patients had to be used. 


+The following antigens were considered: Ko, Kn(a—)McC{a~}, Lan-, LKE-, U-Fyla—b-), Ytla-), -D-/-D-, O,, H-, Cola-), pp. cDie}, Cola-}, hr®, 


Jk(a-b~), Lu(a~b-}, Ge:~2,3, Rg(—)Csla-}, Vel~, P$, and Lwia~b-}. 
tDetailed information on this cell has been previously reported. * 
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Table 2. identification of Anti-! Specificity in Three Cases 
With Nomifensine-Dependent Antibodies 
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Table 3. Reactivity of Idiopathic and Drug-induced 
Autoantibodies Against Normal and Rh u RBC 





Reciprocal Titer (Agglutination/AGT) 











Adult O RHR,R, Cord RBC 
Case Saline Human Miik l it i 
22 -/8 -/2 ~/- -/- f= 
5 -/4 =f -/- -/- -/- 
35 4/16 1/4 =/= -/- ES 
ZVI 64/4 128/8 64/4 64/4 64/4 
Anti-lt 32/NT 8/NT 4/NT 4/NT 4/NT 





*Control (nomifensine-dependent antibody of those giving homoge- 
neous reactions with all RBC tested). 
¢Diluted 1:20. 


were polyclonal and only one ndab was studied. The value(s) 
would be more precise if purified and radiolabeled F(ab), 
fragments of ndab were used. Nevertheless, the straight-line 
extrapolation in Fig 1 would suggest that the antibody 
studied was of restricted heterogeneity. When the serum was 
incubated with the same cells in the absence of the drug 
(control), no binding of antibody was seen. Washing of the 
antibody-coated cells in the absence of drug removed at least 
70% of cell-bound antibodies. 

In comparison with ndab, ten unselected idiopathic and 12 
drug-induced autoantibodies were tested against the same 
RBC. In all groups approximately 50% of the antibodies 
were not reactive with Rha cells (Table 3), thus indicating 
the absence of identical binding sites for all these antibod- 
ies. 


DISCUSSION 


Since the pioneer work of Landsteiner,” it has generally 
been accepted that haptens, usually substances of a molecu- 
lar weight of less than 1,000 daltons, can acquire immunoge- 
nicity only after coupling to a macromolecular carrier. This 
compound antigen, ie, hapten-protein complex, will then 
display a multitude of antigenic sites that may provoke the 
production of various antibody populations with different 
specificities.'* 


bound / free molecules 
2 
/ 
è 


1 ae 








Not Reactive 





Autoantibodies Induced by With 
(Total) (Drug) Rhina 

7 Nomifensine 4 

4 a-Methyldopa 3 

it Cianidanol 1 

10 Idiopathic 5 





All autoantibodies were eluates from autologous or homologous: RBC. 

*The autoantibodies in patients 48 and 50° are included. Both of them 
were, like the drug-dependent antibodies in the same patients, reactive 
with Rha cells. 

+Not yet published. 


Immune-mediated cytopenias are well-known hazards of 
drug therapy. However, the etiology of this disorder and the 
molecular basis of drug-antibody-cell interactions have 
remained largely speculative. Ackroyd” postulated that the 
drug acts as a hapten and the resultant antibodies bind to 
drug-coated cells, which leads to complement activation on 
the cell surface. This concept was called in question by the 
fact that most drugs involved in drug-induced cytopenias do 
not bind firmly to target cells. ’? An alternative model 
claimed that drugs form stable compounds with plasma 
macromokecules that react with antibody to form immune 
complexes that then attach nonspecifically onte the target 
cells.””? But neither the mechanism proposed by Ackroyd 
nor the hypothesis of nonspecific attachment of drug- 
antibody complexes can satisfactorily explain the occurrence 
of drug-induced autoimmune hemolytic anemias, ie, by 
a-methyldopa.™ 

Of the three possible mechanisms of DIHA the so-called 
immune complex type is clinically and serologically by far 
the least understood form.” In our recent reports on a total of 
$] patients with nomifensine-induced immune hemoly- 
sis,°°°" the majority of patients (42 cases) appeared to 
belong in the category of the immune complex type as judged 
from clinical as well as serological findings, whereas five 


Fig 1. Absolute number of anti-IgG molecules 
bound per RBC preincubated with nomifensine- 
dependent antibody in the presence of the drug. 
The background radioactivity of RBC preincubated 
with the same serum in the absence of the drug 

fe was measured concomitantly (control). This back- 
ground radioactivity {<0.01%) was subtracted 





2 4 6 #6 0 O T 
bound molecules (x10°") 


35 from the total amount of cell-associated radioac- 
tivity for each dilution of radiolabeled antibody. 
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patients had developed a true autoimmune hemolytic anemia 
and three patients had both types of immune-mediated 
hemolysis. Thus, the most convincing way to address the 
question whether or not the RBC act as a carrier surface for 
the drug and its metabolites would be to demonstrate speci- 
ficity of drug-dependent antibodies for defined RBC anti- 
gens. This prompted us to reinvestigate all nomifensine- 
induced RBC antibodies that were available in our labora- 
tory. In fact, most antibodies studied required certain RBC 
antigens for full reactivity. This indicated that the target 
cells in this syndrome must supply a part of (in the case of 
drug-dependent antibodies) or even the entire area (in the 
case of drug-induced autoantibodies) for sensitization and 
for the subsequent attachment of the resultant antibodies. 
This is corroborated by several lines of evidence. First, the 
drug-dependent antibodies recognize only one cell type, ie, 
RBC and not platelets. Second, binding characteristics onto 
the cells exactly resemble that of true RBC antibodies in that 
absorbed and eluted drug-dependent antibodies can be 
shown to rebind by their F(ab) rather than by their Fe 
portion.® Third, the results of the Scatchard plot analysis in 
this study speak for specific rather than for unspecific 
attachment of the antibodies to the cells. In our experience, 
unspecific attachment of IgG antibodies to RBC cause 
usually weak reactions in the antiglobulin test and in 
radioimmunoassays. Fourth, the heterogeneity of the ndab 
among patients or even in the same patient (drug-dependent 
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antibodies and/or autoantibodies) corresponds to that seen 
in animals sensitized with hapten-protein conjugates. Final- 
ly, some workers have, in isolated cases, reported specificity 
of drug-dependent antibodies. 17757 

Thus we have reason to assume that loose binding of drugs 
(haptens) on cell surfaces is sufficiently immunogenic for 
sensitization against cell-drug complexes and/or against the 
cells alone. The failure to recognize in vitro the causative 
drugs on target cells does not preclude an interaction with 
blood cells in vivo. Continued provision of drug into the 
circulation might maintain the unbound drug concentration 
at a level favoring such association, whereas a less favorable 
gradient develops in an in vitro test carried out at a single 
drug concentration. If this is true, it is likely that a prolonged 
loose attachment of drugs and/or their metabolites onto the 
cells can alter natural antigens in such a way that allows the 
production of heterogeneous antibodies. 
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Cytoplasmic Immunoglobulins in Chronic Lymphocytic Leukemia B Cells 


By G. Pianezze, |. Gentilini, M. Casini, P. Fabris, and P. Coser 


it is generally assumed that chronic lymphocytic leukemia 
of B cell origin (B-CLL) is characterized by the presence of 
surface membrane immunoglobulins (Smig) and by the 
absence of cytoplasmic immunoglobulins (Cylg). In a vari- 
able number of cases Smig are not detectable because of 
their low density on the cellular surface. Because a con- 
stant presence of Cylg in 20 subjects suffering from B-CLL 
has been reported recently, we reexamined 15 Smig- 
negative and 10 Smig-positive B-CLL patients by Smig and 
Cylg determinations. We used a direct immunofluores- 


HRONIC LYMPHOCYTIC LEUKEMIA (CLL) isa 
malignant proliferation of monoclonal lymphocytes of 
B cell origin in most instances.'” It is generally accepted that 
B-CLL cells are characterized by the presence of surface 
membrane immunoglobulins (Smlg), the absence of cyto- 
plasmic immunoglobulins (Cylg), the presence of mouse red 
cell receptors, and a predominance of receptors for C3, over 
those for C3,24 

It is also common knowledge that, in the majority of 
Smlg-positive B-CLL, the intensity of surface immunofiuo- 
rescent staining varies from weak to moderate,’ and if 
quantitatively measured, the amount of Smlg appears to 
range from a quarter to a tenth when compared with that of 
normal lymphocytes.® A variable percentage (0% to 30%) of 
Smlg-negative B-CLL has been described by various 
authors.*’* To explain this finding, it is generally assumed 
that the density of SmIg on B cells in such cases is so weak 
that it is not detectable by common immunofluorescence 
methods. In such cases it is not possible to demonstrate the 
monoclonality of the B lymphocyte population supposed 
leukemic. 

In recent publications'™"' the presence of Cylg in B-CLL 
cells is described. In one of them the authors affirm that 
Cylg determination is superior to Smig determination to 
prove the monoclonality of leukemic cells.’ This statement 
seems to be in contrast with the current opinion; for that 
reason we decided to check it in our laboratory by reexamin- 
ing a group of patients affected by B-CLL. 


MATERIALS AND METHODS 


Patient population. We studied 25 patients previously diag- 
nosed as having B-CLL. This group included all patients in whom 
the presence of Smig could not be demonstrated (15 cases) and 
others chosen at random among those SmI g-positive (ten cases). At 
diagnosis all patients showed a lymphocyte count above 10 x 10°/L 
in peripheral blood (PB). Diagnosis had been made on the basis of 
typical clinical and laboratory findings. All patients were staged 
with the classification of Rai and colleagues.'? Table | shows the 
principal clinical and laboratory findings of the patient population at 
diagnosis. 

Surface markers. The mononuclear cells from B-CLL patients 
were separated from PB by a density gradient (Ficoll-Hypaque). "° 
The presence of Smig on mononuclear cells was determined through 
a direct immunofluorescence method" using fluorescein-conjugated 
antisera specific to human light and heavy chains (Dako Corp, Santa 
Barbara, CA). Fluorescence was always examined using both a 
fluorescent microscope (Ortholux with a xenon lamp, 75 W; Leitz, 
Wetzlar, Germany) and a laser cytofluorograph (Spectrum HE: 


Blood, Vol 69, No 4 {April}, 1987: pp 1011-1014 


cence method on peripheral blood mononuclear celis for 
the detection of Smig and, after fixation, for Cyig. Cylg 
were detectable in 24 out of 25 cases, with a fluorescence 
intensity ranging from weak to moderate. The existence of 
frequent negative results for Cylg determination in B-CLL 
reported in the literature probably depends on the low 
sensitivity of the method used. We conclude that Cylg 
determination is useful in phenotyping every B-CLL patient, 
especially Smig-negative ones. 

® 1987 by Grune & Stratton, inc. 


Table 1. Stage of Patients and Laboratory Findings of Their 








Lymphocytes Smig MEARE AREE 
Case  Stage* (x 10°/L) Phenotype OR (%) OKT (%) 
1 (0) 29.2 RA 78 30 
2 (6) 20.8 Í 30 25 
3 0 21.1 HK 79 45 
4 1 30.7 i 34 a4 
5 1 13.6 ô yÀ 89 B4 
6 6 10.5 H 74 30 
7 1 15.1 Í 95 42 
8 4 53.2 / 95 85 
9 0 11.0 $ 78 25 
10 1 18.9 HÀ 96 75 
V1 o 32.4 i 87 32 
12 is) 25.9 Í 88 4} 
13 is] 12.0 / 67 67 
14 0 24.3 i 91 15 
15 i) 27.4 bx 89 15 
16 0 24.6 Í 94 57 
17 ie) 11.2 K 79 g4 
18 1 10.3 HK 81 90 
19+ 2 39.0 uh 92 22 
20 2 13.9 yA 75 83 
21 1 40.9 Í 87 94 
22 1 54.0 / 71 83 
23 2 51.2 f 96 15 
24 0 55.1 À 93 84 
25 2 39.9 / 91 92 





*The stage was evaluated according to the classification of Rai and 
colleagues. °? 
+This patient showed a serum M component (igM-A}. 
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Ortho Diagnostics, Westwood. MA). The mononuclear cells were 
tested with the monoclonal antibodies OKDR, OKT1 (Ortho Phar- 
maceuticals, Raritan, NJ), and Leu 1 (Becton Dickinson, Mountain 
View, CA) with the direct and indirect immunofluorescence meth- 
ods recommended by Ortho Diagnostics for their cytofluorograph. 

Cylg. Mononuclear cells were washed three times with phos- 
phate-buffered solution (PBS) and smeared on slides by cytocentri- 
fugation. The slides were subsequently fixed for 20 minutes in 
absolute methanol at 4°C and air-dried. The cell smear was then 
covered with chain-specific fluorescein-conjugated antisera (Dako) 
optimally diluted (1:40 was, in our experience, the optimal dilution). 
After 30 minutes’ incubation at room temperature the slides were 
washed three times in PBS on a mechanical agitator (five minutes 
for each washing); at the last washing an Evans’ blue solution (one 
drop every 100 mL PBS) was added as a counterstain. The slides 
were mounted in glycerol-PBS and observed under a fluorescent 
microscope. 

To exclude the possibility that the fluorescence observed with the 
method for Cylg determination was due to Smig, we used a 
technical procedure called neutralization. The suspension of mono- 
nuclear cells was previously incubated with an antihuman immuno- 
globulin antiserum (without fluorescein) for 30 minutes, then cyto- 
centrifuged on microscope slides, fixed, and incubated for another 30 
minutes with chain-specific fluorescein-conjugated antisera. That 
way the Smlg were neutralized by the unmarked antibody, and after 
fixation, the marked antibody could detect only the Cylg. We used 
T-CLL cells as negative controls for both Smlg and Cylg. 


RESULTS 


Data concerning Smlg are compared with those related to 
Cylg in Table 2, which shows that Cylg were detectable in 
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24 out of 25 cases (in three of them we could detect p-type 
heavy chains but no light chains). In all cases, the fluores- 
cence intensity for Cylg in the majority of cells, even if 
weaker than that expressed by more differentiated subtypes 
of the B cell line (plasma cells and plasmacytoid lympho- 
cytes), allowed a clear distinction between positive and 
negative cells (Fig 1). Only a fraction of cells variable from 
1% to 3% showed a strong fluorescence intensity. 

Keeping in mind the difficulty in locating cell structures 
through conventional optical microscopy and because the 
effect of fixation on Smlg distribution is not completely 
known, we have considered the possibility that the positive- 
ness detectable with our Cylg method might be attributable 
to Smlg, even if their fluorescence distribution patterns are 
always completely different. Smig neutralization with 
unmarked antibodies excluded such a possibility: as a matter 
of fact, after neutralization Smlg were no longer detectable, 
whereas Cylg did not show any reduction in fluorescence 
intensity (Fig 2). 


DISCUSSION 


The results of our investigation substantially agree with 
the data published by Han et al? who found monoclonal 
Cylg in all 20 cases of B-CLL examined. In the same article 
they reported that in each B-CLL patient the intensity of 
Smig fluorescence was moderate to strong. In some cases it 
was not easy to demonstrate the monoclonality of the 
leukemic population, probably because of nonspecific 


Table 2. Smig and Cylg Evaluation on the Lymphocytes of the Patients Studied 























Smig Cylg 
Positive Positive 
Fluorescence Cells Fiuorescence Celis 

Case Intensity {%)} Phenotype intensity (%) Phenotype 

1 +++ 75 ôuÀ + 70 uA 

2 p / / + 90 åK 

3 + 30 HK +- 50 uK 

4 7 / / bo 40 ur 

5 + 40 ÖyÀ += 70 uA 

6 Í / +- 30 u 

7 - / f +- 80 it 

8 - / / +- 60 UK 

9 J: / +- 70 HK 
10 + 30 uA + 60 HA 
11 / / + 85 u 
12 / / i 75 uA 
13 / / - / / 
14 — / / +> 65 HK 
15 + 30 ÔK + 80 uK 
16 - / f eats 70 ur 
17 + 30 K ++ 65 HK 
18 +- 40 HK + 80 HK 
19* +4 90 ur Ho 90 HÀ 
20 ++ - 65 yA +- 70 yà 
21 -— i Í +- 75 HK 
22 — / f += 75 HK 
23 -= / / pah 55 YK 

-24 ees 35 À +e 90 HA 
25 — / / +4 70 HA 
Key: —, negative resuit; + — —, weak positiveness, + + —, moderate positiveness; + + +, strong positiveness. 


*This patient showed a serum M component, 
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Fig 1. 
shows the results of Cylg immunofluorescence staining in case 
9. (A) Positive staining with an anti-« antiserum. (B) Negative 
staining with an anti-A antiserum. 


The photomicrograph (original magnification x 400) 


absorption of serum immunoglobulins by Fe receptors, They 
affirm that Cylg determination is superior to Smlg determi- 
nation in B-CLL cell phenotyping because fixation sup- 
presses the activity of Fe receptors. 

On the other hand, we noticed the usefulness of Cylg 
determination in B-CLL cells, particularly when Smlg 
detection was not possible as a consequence of their low 
density on the cellular surface. Also, Schroff et al” reported 
the presence of monoclonal Cylg in all three cases examined 
of Smlg-negative B-CLL. Koziner et al* reported constant 
negative results for Cylg determination in 60 cases of 
B-CLL, whereas Gourdin et al'* demonstrated, by immu- 
noclectron microscopy, monoclonal Cylg only in B-CLL with 
serum M component. Furthermore Rudders'® had reported 
the presence of monoclonal Cylg in 11 cases of B-CLL out of 
26, and only four of them had serum M component. 

To explain these conflicting results among the different 
reported findings, we should admit either the existence of 
B-CLL with a different Cylg phenotype (positive or nega- 
tive) or a different sensitivity of the methods used. The 
second hypothesis seems to be more acceptable since a 
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Fig 2. The non-fluorescein-conjugated antihuman immuno- 


globulin antiserum (0) reacts and neutralizes the Smig. Under 
such conditions an FITC-conjugated antihuman immunoglobulin 
antiserum (@) cannot detect either the Smig or the Cylg. Immuno- 
fluorescent staining will be negative, thus confirming the Smig 
neutralization. After fixation, an FITC-conjugated antihuman 
immunoglobulin antiserum (@) is able to penetrate into the cell and 
detect the Cylg. Immunofluorescent staining will therefore be 
positive. 


spatiotemporal clustering of so many B-CLL with the same 
Cylg phenotype appears statistically unlikely. 

There is increasing evidence demonstrating that cells from 
B-CLL patients secrete monoclonal immunoglobulins. | sing 
more sensitive methods than traditional ones, their presence 
may be demonstrated in the serum and/or urine of such 
patients in a percentage of cases ranging from 53% to 73%. 
depending on the method used.'”'* These findings suggest an 
intrinsic but poorly developed secretory capacity in B-CLI 
cells and therefore indirectly justify the presence of mono- 
clonal Cylg in the leukemic cells. 

Gourdin et al'® considered that, excluding cases with a 
high M component, the presence of monoclonal immuno- 
globulins in serum of typical B-CLL depends on a small 
leukemic subpopulation that is also positive for Cylg. On the 
other hand, on the basis of our results and of those of Han et 
al,” this property seems to be a characteristic of a wide 
majority of the leukemic population. In conclusion, even if 
We recognize the necessity of finding an adequate explana- 
tion for the reported discrepancies among data in the litera- 
ture, in our hands the Cylg determination is a valid help in 
improving the sensitivity and specificity of B-CLI phenotyp- 
ing. 

ACKNOWLEDGMENT 

We are particularly grateful to Sandro Pasutto and to Carlo 
Moeseneder-Frajria for the excellent technical assistance. We also 
wish to thank Sonia Doria and Rita Musmeci for typing the 
manuscript. 


1014 


PIANEZZE ET AL 


REFERENCES 


1. Aisenberg AC, Bloch KJ, Long JC: Cell-surface immuno- 
globulins in chronic lymphocytic leukemia and allied disorders, Am 
J Med 55:184, 1973 

2. Han T, Moayeri H, Minowada J: T and B lymphocytes in 
chronic lymphocytic leukemia. Correlation with clinical and immu- 
nologic status of the disease. INCI 57:477, 1976 

3. Stein H, Tolksdorf G, Burkert M, Lennert K: Cytologic 
classification of non Hodgkin's lymphomas based on morphology, 
cytochemistry and immunology, in Growther DD (ed): Advances in 
Medical Oncology Research Education: Leukemias and non Hodg- 
kin's Lymphomas. Oxford, Pergamon, 1979 

4. Koziner B, Kempin S, Passe S, Gee T, Good RA, Clarkson BD: 
Characterization of B-CLL leukemias: A tentative immunomorpho- 
logical scheme. Blood 56:815, 1979 

5. Catowsky D, Pittman S, O'Brian M, Cherchi M, Costello C, 
Fou R, Pearce E, Hoffbrand AV, Janossy G, Ganesshaguru K, 
Greaves MF: Multiparameter studies in lymphoid leukemias. Am J 
Clin Pathol 72:735, 1979 

6. Ternynck T, Dighiero G, Follezou J, Binet JL: Comparison of 
normal and CLL lymphocyte surface Ig determinants using peroxi- 
dase-labeled antibodies. I. Detection and quantitation of light chain 
determinants. Blood 43:789, 1974 

7. Brouet JC, Preud'homme JL, Seligman M: The use of B and T 
membrane markers in the classification of human leukemias, with 
special reference to acute lymphoblastic leukemia. Blood Cells 1:81, 
1975 

8. Aisenberg AC, Bloch KJ: Immunoglobulins on the surface of 
neoplastic lymphocytes. N Eng! J Med 287:272, 1972 

9. Grey HM, Rabellino E, Pirowsky B: Immunoglobulins on the 
surface of lymphocytes. IV. Distribution in hypogammaglobuline- 


mia, cellular immundeficiency and chronic lymphatic leukemia. J 
Clin Invest 50:2368, 1971 

10. Han T, Ozer H, Bloom M, Sagawa K, Minowada J: The 
presence of monoclonal cytoplasmic immunoglobulins in leukemic 
B-cells frem patients with chronic lymphocytic leukemia. Blood 
59:435, 1982 

11. Schroff RW, Foon KA, Billing RG, Fahey JL: Immunologic 
classification of lymphocytic leukemias based on monoclonal anti- 
body—defined cell surface antigens. Blood 59:207, 1982 

12. Rai KR, Sawitsky A, Cronkite EP, Chanana AD, Levy RN, 
Pasternack BS: Clinical staging of chronic lymphocytic leukemia. 
Blood 46:219, 1975 

13. Boyum A: Isolation of mononuclear cells and granulocytes 
from human blood. Scand J Clin Invest 21:77, 1968 (suppl 97) 

14. Rittershaus CW, Wardwell K: Enumeration of cells with 
surface immunoglobulins, in Ortho Spectrum IHI Laser Flow 
Cytometry System. Procedures. Westwood, MA, Ortho Diagnostic 
Systems, 1984 

15. Gourdin MF, Farcet JP, Reyes F: The ultrastructural local- 
ization of immunoglobulins in human B-cells of immunoproliferative 
diseases. Blood 59:1132, 1982 

16. Rudders RA: B Lymphocyte subpopulations in chronie lym- 
phocytic leukemia. Blood 47:229, 1976 

17. Deegan MJ, Abraham JP, Sawdyk M, Van Slyck EJ: High 
incidence ef monoclonal proteins in the serum and urine of chronic 
lymphocytic leukemia patients. Blood 64:1207, 1984 

18. Stevenson FK, Spellerberg M, Smith JL: Monoclonal immu- 
noglobulin light chains in urine of patients with B lymphocytic 
disease: Its source and use as a diagnostic aid. Br J Cancer 47:607, 
1983 


Total Body Irradiation and High-Dose Etoposide: A New Preparatory 
Regimen for Bone Marrow Transplantation in Patients 
With Advanced Hematologic Malignancies 


By K.G. Blume, S.J. Forman, M.R. O'Donnell, J.H. Doroshow, R.A. Krance, A.P. Nademanee, D.S. Snyder, 
G.M. Schmidt, J.L. Fahey, G.E. Metter, L.R. Hill, D.O. Findley, and I.J. Sniecinski 


In a phase I/II study, 47 patients (median age, 24 years) 
with hematologic malignancies (33 patients with acute 
leukemia not in first remission and 14 patients with other 
advanced malignant hematologic disorders) were treated 
with total body irradiation and high doses of etoposide 
{VP16-213) followed by bone marrow transplantation. At 
the time of analysis, 21 patients were alive, and 19 of them 
were in continued complete remission for 101 days to >40 
months (median, 12 months). The actuarial disease-free 
survival rate of the 33 acute leukemia patients is 43% (2 
SEM, 18%) and the actuarial relapse rate is 32% (2 SEM, 
20%). Five of the 14 patients with the other hematologic 
malignancies are alive, and four of them continue to be free 


ECURRENCE of the underlying malignancy after 
bone marrow transplantation (BMT) is the leading 
cause for failure in patients who are not in first complete 
remission (CR) of acute leukemia or no longer in the chronic 
phase of chronic myelocytic leukemia (CML) when prepara- 
tion for BMT is begun. Disease-free survival rates for such 
candidates after myeloablation and immunosuppression with 
total-body irradiation (TBI) and high-dose cyclophospha- 
mide followed by BMT range from 10% to 40%.'? With the 
aim of reducing the relapse rate without increasing regimen- 
related toxicities, we have developed a preparatory regimen 
consisting of TBI and high doses of the epipodophyllotoxin- 
derivative etoposide (VP16-213). Etoposide is almost exclu- 
sively marrow toxic and has proven activity against malig- 
nant cells if administered in standard doses to patients with 
relapsed hematologic malignancies'*'® or in high doses fol- 
lowed by autologous bone marrow rescue.” Another advan- 
tage is its ability to penetrate into the CSF after high-dose 
intravenous administration. * The new combination, TBI 
with etoposide, was tested in a phase I/II study on 33 
patients with acute leukemia who either had never attained 
CR or had relapsed at least once; in addition, 14 patients 
with other poor-risk hematologic malignancies were entered 
onto this study. 


PATIENTS AND METHODS 


Patients. Between March 1983 and April 1986, 47 patients 
(median age, 24 years; range, | to 47 years) with hematologic 
malignancies were prepared for BMT with TBI and high-dose 
etoposide. Twenty patients had acute nonlymphoblastic leukemia 
(ANLL): fifteen either had failed to ever attain CR with chemother- 
apy or had relapsed after successful remission induction; five were in 
second CR (Table 1). The subtyping of ANLL was performed 
according to French-American-British (FAB) criteria."° Thirteen 
patients had acute lymphoblastic leukemia (ALL): eight either had 
not entered a first CR in spite of repeated remission induction 
attempts or were in relapse; five patients were in second or third CR 
(Table 2). Patients identified as “induction failure” had received at 
least two courses of combination chemotherapy without attaining 
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of disease for 8 to 27 months. Pharmacokinetic studies 
established a strong correlation between the administered 
drug doses and their plasma levels and also demonstrated 
complete drug clearance prior to marrow grafting. An 
etoposide dose of 60 mg/kg body weight was found to be 
the maximum tolerated dose. This new preparatory regi- 
men was well tolerated and was not associated with 
specific acute or long-term regimen-related toxicities. Our 
data suggest that total body irradiation with high-dose 
etoposide presents a viable alternative to other prepara- 
tory regimens. The role of this novel combination remains 
to be defined by future prospective randomized trials. 

© 1987 by Grune & Stratton, inc. 


CR. The ten patients with acute leukemia who were in second or 
third CR at the time of BMT previously had first remissions that 
lasted 2 to 36 months (median, 7 months), and all had relapsed while 
receiving maintenance chemotherapy. In addition, 14 patients with 
other hematologic malignancies (Table 3) were enrolled in this 
study: two had refractory anemia with excess blasts (RAEB), two 
had refractory anemia with excess blasts in transition (RAEBIT), 
five had CML in accelerated or blastic phase, two had chronic 
myelomonocytic leukemia (CMMoL), two had Hodgkin's disease 
(HD) refractory to radiation and repeated courses of combination 
chemotherapy, and one patient had myelofibrosis /sclerosis (MF/S). 
Patients with myelodysplastic syndromes were classified according 
to a previously published system.” 

Preparatory regimen. To 39 patients, TBI was administered in 
11 fractions of 120 cGy between day —7 and day ~ 4 to a total dose 
of 1,320 cGy.”! An electron boost of 400 cGy was given to the testes 
on day —7 and one of 300 cGy twice daily to the chest on days ~ 5 
and —4. Because of limited availability of the linear accelerator, the 
remaining eight patients received a single-dose TBI regimen (750 
cGy at 26 cGy/min) on day ~5.” Etoposide was given by a 
four-hour infusion (1 mg etoposide/mL saline) on day ~3 (Fig 1}. 
Because of the instability of this drug, infusion bottles were changed 
every hour during the four-hour infusion period. Vigorous hydration 
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Table 1. Pretransplant Characteristics, TBI Method, Etoposide Dose, and Outcome of EMT for 20 Patients With ANLL 








Age Disease Disease Blasts in Etoposide 

UPN {yr} Type Status Bone Marrow TBI img/kg) Treatment Result KS 

183 29 ANLL-M2 IF 35% S 25 Alive in CCR on day + 1242 100 
192 30 ANLL-M1 TRL 85% F 30 Relapsed day + 160, died day +418 0 
219 19 ANLL-M1 IF 35% F 30 Died on day + 147 with IP 0 
221 20 ANLL-M2 IF 57% F 30 Alive in CCR on day +934 70 
222 29 ANLL-M4 iF 13% F 30 Alive in CCR on day +927 100 
223 1 ANLL-M4 IF + EL 25% S 40 Relapsecd day + 100, died day + 147 0 
234 14 ANLL-M2 2 RL 3% F 40 Alive in CCR on day +837 90 
237 28 ANLL-M2 4 RL + EL 28% F 40 Relapsec day +313, died day +493 0 
245 25 ANLL-M4 TRL 35% S 50 Alive in CCR on day +774 90 
272 33 ANLL-M2 TRL 81% F 60 Died on day + 143 with IP o 
281 8 ANLL-M2 2 RL 96% S 60 Relapsec day +83, died day + 127 0 
287 43 ANLL-M2 TRE + EL 45% F 70 Died on day +47 with GVHD & IP o 
292 17 ANLL-M4 2RL + EL 8% F 70 Died on day +52 with sepsis & IP o 
295 28 ANLL-M4 TRL 95% F 70 Died on day +56 with IP o 
305 12 ANLL-M2 IF 68% F 60 Relapsed day + 139, died day + 296 o 
236 29 ANLL-M2 2 CR <5% F 40 Alive in CCR on day +822 100 
251 6 ANLL-M1 2CR <5% F 40 Relapsed day +90, died day +217 0 
257 36 ANLL-M2 2CR <5% F 50 Alive in CCR on day 4-679 100 
270 12 ANLL-M3 2 CR <5% F 60 Died on day +73 with graft failure 0 
314 37 ANLL-M2 2CR <5% F 60 Died on cay +53 with GVHD & IP 0 





Abbreviations: KS, Karnofsky score; IF, induction failure: RL, relapse; EL, extramedullary leukemia; S, single-dose TBI; F, fractionated TBI: CCR, 
continued CR; IP. interstitial pneumonia. 


Table 2, Pretransplant Characteristics, TBI Method, Etoposide Dose, and Outcome of BMT for 13 Patients With ALL 








Age Disease Disease Blasts in Etoposide 

UPN tyr) Type Status Bone Marrow TBI {mg/kg} Treatment Result KS 

302 9 ALL-CALLA 2 RL 10% F 60 Relapsed on day +387 100 
304 36 ALL-Ph'+ IF 8% F 60 Died on day + 121 with GVHD & IP (8) 
306 25 ALL-Ph' + 1 RL 14% F 60 Alive in CCR on day +375 100 
309 23 ALL-Ph' + iF 20% S 60 Died on day +93 with GVHD & IP 0 
315 18 ALL-Null 3 RL + EL 9% F 60 Alive in OCR on day +326 100 
324 6 ALL-CALLA 2 RAL 38% F 60 Alive in CCR on day +269 190 
343 22 ALL-Nuli 1 RL 57% F 60 Died on day +51 with GVHD & IP 0 
355 23 ALL-Ph!' + TRL 23% F 60 Alive in CCR on day + 101 100 
311 18 ALL-CALLA 2 CR <5% F 60 Alive in [CR on day +347 190 
330 6 ALL-CALLA 2 CR <5% F 60 Alive in [CR on day +242 190 
331 7 ALL-CALLA 3 CR + EL <5% F 60 Died on day +55 with IP (6) 
348 11 ALL-Null 2CR <5% F 60 Alive in relapse on day + 135 60 
351 8 ALL-CALLA 2CR <5% F 60 Alive in CCR on day +117 100 





Abbreviations: CALLA, common acute lymphocytic leukemia; Ph’ +, Philadelphia chromosome-positive. 


Table 3. Pretransplant Characteristics, TBI Method, Etoposide Dose, and Outcome for 14 Patients 
With Hematologic Malignancies Other Than Acute Leukemia 














Age Disease Etoposide 

UPN {yr} Type TBI {mg/kg} Treatmert Result KS 

228 19 RAEB F 40 Relapsed day +462, died day +653 0 
233 41 CMMoL F 40 Alive in CCR on day +833 100 
256 39 RAEB F 50 Alive in CCR on day + 706 100 
263 34 RAEBIT F 50 Died on day +72 with GVHD & IP 0 
266 40 MF/S F 50 Alive in CCR on day +654 100 
267 28 HD F 60 Alive in relapse on day +644 70 
277 24 HD F 60 Relapsed day +343, died day +432 0 
288 29 CML-BP S 70 Relapsed day + 131, died day + 183 0 
291 4 RAEBIT S 70 Relapsed day +30, died day +88 o 
299 47 CML-AP F 70 Died on day +205 witk GVHD & IP Oo 
301 24 CML-BP S 70 Relapsed day +93, died day + 127 o 
312 43 CML-AP F 60 Relapsed day +60, died on day +256 o 
329 26 CML-BP F 60 Alive in CCR on day +249 100 
333 41 CMMoL F 60 Died on day +66 with SVHD & IP o 





Abbreviations: CML-BP, CML in blastic phase; CML-AP, CML in accelerated phase. 


TBI-ETOPOSIDE IN BMT FOR LEUKEMIA 





Fig 1. 


Preparatory regimen consisting of TB! delivered 
between days -7 and -4 and infusion of high-dose etoposide 
(VP16) on day —3 followed by BMT on day 0. 


(150 mL/m?/h) and diuresis were performed for 72 hours after it 
was observed that etoposide could lead to hemorrhagic cystitis. 
Following a dose escalation schema, five patients were treated at 
level | (25 to 30 mg/kg), seven at level If (40 mg/kg), five at level IH 
(50 mg/kg), seven at level IV (60 mg/kg), and seven at level V (70 
mg/kg). After level IV was established as the maximum tolerated 
dose, another 16 patients received etoposide at 60 mg/kg. During 
and after drug administration, blood specimens were collected and 
analyzed for etoposide plasma levels by using high-performance 
liquid chromatography.” 

Marrow transplantation. For 46 patients their respective histo- 
compatible siblings and in one case (unique patient no. 228) an 
identical twin served as bone marrow donors. On day 0, the day of 
BMT, marrow was harvested from the donors, filtered for removal of 
particles, and administered intravenously to the recipients.” In the 
case of four recipients who had a major blood group mismatch with 
their donors, the red cells were removed from the marrow aspirates 
by centrifugation in a cell separator,” 

Post-BMT care. Supportive care after BMT was provided as 
described previously” except that the patients on this study did not 
receive prophylactic granulolcyte support. Nonabsorbable antibiot- 
ics were given for gastrointestinal decontamination to all patients on 
this study.” Posttransplant immunosuppression for prevention of 
graft-v-host disease (GVHD) consisted of methotrexate/ prednisone 
in 16 patients and of cyclosporine A/prednisone in 30 patients. 
Twelve patients who received methotrexate/prednisone and nine 
patients taking cyclosporine A/prednisone participated (along with 
86 other leukemia patients) in a prospective randomized trial 
comparing these two drug combinations.” GVHD was graded 
according to previously described criteria.” 

Grading of toxicity and performance status. The acute and 
subacute toxicity encountered during this study was graded accord- 
ing to generally accepted criteria.” The performance status was 
scored following the Karnofsky system.” 

Statistical evaluation. The analysis of actuarial survival in 
continued CR and of probability for relapse were done by nonpara- 
metric estimation from incomplete observations.” 

Approval. All clinical research protocols involved in this study 
had been approved by the Institutional Review Board of the City of 
Hope National Medical Center. Patient entry to study was contin- 
gent upon prior written informed consent. 


RESULTS 


Pharmacokinetic studies. Plasma etoposide levels rose 
steeply during the time of intravenous drug administration, 
followed by an equally rapid clearance (th = 7.5 hours). 
Approximately 50 hours after etoposide infusion no appre- 
ciable amounts of the drug could be detected (Fig 2). After 
another 24 hours, the marrow graft was infused. The peak 
etoposide plasma levels (r = .97,n = 15) and the areas under 
the curves (7 = .74,n = 14) of the patients in whom pharma- 
cokinetic studies were carried out correlated well to the 
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Fig 2. Etoposide (VP16) plasma levels (in ug/ml) of two 


patients (UPN 221 and 222) who received 30 mg etoposide/kg 
body weight by infusion over four hours (black horizontal bar}. 
BMT was performed 68 to 72 hours after the beginning of drug 
administration. 


amount of drug administered. The complete pharmacoki- 
netic data including drug excretion results will be presented 
elsewhere (J.H. Doroshow et al, in preparation). 

Toxicity data. A transient, sometimes painful, rash 
(grade 2), mostly localized to the palms, soles, and periorbi- 
tal area occurred at higher dose levels and lasted from four 
days to 3 weeks. Nausea and vomiting (grade | to 2) lasting 
for several hours occurred in patients who had received either 
60 or 70 mg etoposide/kg body weight. Hypotension (grade 
1) was encountered in one patient, presumably due to too 
vigorous diuresis with furosemide. No cases of arrhythmia 
were observed. Four patients developed hemorrhagic cystitis 
(grade 2), which was avoided in subsequent patients by 
maintaining a high urine flow for three days after etoposide 
infusion. We did not encounter any episodes of clinically 
significant metabolic acidosis. During the time of marrow 
aplasia, 41 patients developed clinical sepsis, ie, temperature 
>38.5°C in the absence of neutrophils. These 41 patients 
were treated with systemic broad-spectrum antibiotics. 
Severe stomatitis (grade 3 to 4) necessitating intermitten 
intravenous administration of narcotics occurred in most 
patients receiving the two highest drug doses. Stomatitis 
resolved in all patients at the end of the aplastic phase, ie, 
after 2 to 4 weeks. Two of the seven patients treated with 70 
mg etoposide/kg developed severe jaundice and liver failure 
(grade 4) without signs of GVHD or venoocclusive disease. 
No neurotoxicity was observed in any of the 47 patients 
entered onto this study. The acute toxicity data are summa- 
rized in Table 4. No regimen-specific long-term toxicity was 
encountered. Two patients (UPN 221 and 245) have devel- 
oped a clinical picture compatible with the chronic obstruc- 
tive lung disease that is sometimes seen in recipients of 
allogeneic marrow grafts. 

Engraftment. With the exceptions of one patient who 
had only transient signs of engraftment (UPN 270) and one 
patient with persisting malignancy (UPN 291) all BMT 
recipients showed a rise of WBC counts to > 1,000/uL within 
I] to 23 days (median, 14 days). Genetic marker analysis 
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Table 4. Toxicity Data Obtained in the TBI/VP16 Dose Escalation Study 
VP 16 Dose (mg/kg) 
Symptom 25-30 {n = 5) 40 (n = 7} 50 (n = 5) 60 {n = 23) 70 (n = 7} 

Rash 1 2 0 5 i 3 ao 
Severe nausea/emesis 1 (0) o 4 3 
Hypotension 0 0 1 0 o 
Arrhythmia (0) 0 0 ie) 0 
Hemorrrhagic cystitis 1 1 1 1 o 
Clinical sepsis * 5 6 4 19 7 
Severe stomatitis 0 1 (6) 13 6 
Hepatotoxicity o 0 0 0 2 
Neurotoxicity (0) 0 o 0 0 





*For a definition of clinical sepsis, see the text. 


demonstrated hematopoiesis to be entirely of donor origin in 
all cases except for the two aforementioned patients with 
graft failure (UPN 270) or with persisting malignancy 
(UPN 291). Three patients (UPN 222, 233, and 234) have 
become stable hemopoietic chimeras as reported else- 
where.” 

Survival results. At the date of evaluation (August 1, 
1986), 16 of the 33 patients with acute leukemia were alive, 
and 15 were in continued CR. The minimum follow-up of 
patients surviving in continued CR was 101 days, and the 
maximum was 40 months (median, 12 months). As shown in 
Fig 3, the actuarial disease-free survival rate for acute 
leukemia patients was 43% (2 SEM, 18%). Five of the 14 
patients with hematologic malignancies other than acute 
leukemia were alive, and four of them were in continued CR 
for 8 to 27 months. 

Dose-effect relationship. The relationship between the 
doses of etoposide administered to the patients in the various 
groups (dose levels I to V) and the incicence of relapse and 
survival in these groups is summarized ia Table 5. 

GVHD. The following incidence of acute GVHD was 
observed: grade 0 in 17 patients, grade I in ten patients, 
grade H in ten patients, grade HI in sever patients, and grade 
IV in two patients; ie, the incidence cf no or mild acute 
GVHD (grade 0 or I) was 59% and of moderate-to-severe 
acute GVHD (grade H to IV) 41%. The sample size is too 
small to permit a separate evaluation of the two GVHD 
regimens utilized in this study. Three patients (UPN 221, 
234, and 245) have developed chronic GY HD that is improv- 
ing with continued therapy with cyclosporine A and predni- 
sone. 
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after BMT observed in 33 patients with acuta leukemia who were 
treated while not in first remission. Open circles and tick marks 
denote patients surviving in CCR. 


Causes for failure. Fourteen of the 47 patients on study 
suffered a relapse of their underlying malignancy. Seven 
patients with acute leukemia relapsed as did seven who had 
other hematologic malignancies. Five of the relapses 
occurred in the eight patients who had received single-dose 
TBI. The earliest relapse was observed | month and the 
latest 10 months after BMT. As illustrated in Fig 3, the 
actuarial relapse rate for patients with acute leukemia was 
32% (2 SEM, 20%). Thirteen patients died of respiratory 
failure due to interstitial pneumonia that was preceded by an 
episode of acute GVHD in eight and was associated with a 
protracted course of sepsis in one patient; the other four 
patients with interstitial pneumonia did not have acute 
GVHD. Marrow graft failure after initial engraftment 
occurred in one patient. The causes of failure are summa- 
rized in Table 6. 


DISCUSSION 


A novel myeloablative/immunosuppressive regimen has 
been designed and evaluated in a 3-year trial. This investiga- 
tion has resulted in an excellent survival rate in continued 
CR of 43% for patients with acute leukemia who were not in 
first CR when entered onto this study. Our approach differs 
from previously used preparatory regimens with respect to its 
chemotherapeutic component in that cyclophosphamide has 
been replaced by etoposide. 

Our pharmacokinetic studies have demonstrated that the 
drug doses administered correlate well with the attained 
plasma levels and, more importantly, that etoposide was 
completely eliminated prior to the time of marrow infusion. 
It seemed prudent to await total clearance in order to avoid 
any stem cell injury from residual etoposide. 

The toxicity studies carried out in the 47 enrolled patients 
indicate that high doses of etoposide are well tolerated up to 
60 mg/kg body weight. The fact that almost 90% of the 


Table 5. Relationship Between Etoposide Dose Levels, 
Relapse, and Survival 








Dose Levei 
{mg/kg} Relapse (%) Survival (9) 
1. 25-30 1/5 (20) 3/5 (60) 
H. 40 4/7 (57) 3/7 (43) 
H. 50 0/5 {0} 3/5 (60) 
IV. 60 6/23 (26) 11/23 (48) 
V. 70 3/7 (43) 0/7 (0) 
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Table 6. Summary of Disease-Free Survival and Causes for Treatment Failure 








Other 

fe NE e Ae Hematologic 

IF/RL CR IF/RL CR Malignancies Total 
Disease-free survival 5 2 5 3 4 19 
Relapse 5 1 (03 1 7 14 
GVHD & IP 1 1 3 0 3 8 
IP 3 (0) 0 1 0 4 
Sepsis & IP 1 0 o 0 o 1 
Graft failure 0 1 0 0 0 1 
Total patients studied 15 5 8 5 14 47 





patients on this study required treatment with systemic 
broad-spectrum antibiotics is not surprising considering their 
previous courses of combination chemotherapy and their 
hematologic status when preparation for BMT was begun. 

Based on the toxicities observed, the drug dose of 60 
mg/kg was considered the maximum tolerated dose that will 
also be used in our future studies. In general, regimen-related 
toxicities have been quite modest; this is best demonstrated 
by the fact that the earliest death of any patient on this study 
occurred on day +47 after BMT. The nonleukemic causes 
for failure were almost exclusively due to expected complica- 
tions related to allogeneic BMT, ie, interstitial pneumonia in 
13 patients, which occurred most frequently after an episode 
of acute GVHD. The lack of regimen-related long-term 
toxicities was particularly encouraging. 

In combination with an established fractionated TBI 
method, this regimen has led to a complete response in all 
patients on this study except for the single case of a child with 
congenital myelodysplasia characterized by multiple clonal 
abnormalities (UPN 291). The actuarial relapse rate of 32% 
can be considered relatively low in comparison with other 
pretransplant regimens.'° All leukemic recurrences in this 
study have so far occurred within the first year following 
BMT, an intriguing observation that warrants longer obser- 
vations and further studies. Five of the 14 relapses occurred 
among the eight patients who had received single-dose TBI. 
These eight patients had been entered into our BMT pro- 
gram on an emergency basis because of their rapidly deterio- 
rating hematologic status. Our limited linear accelerator 





capacity precluded treatment following the fractionated irra- 
diation regimen. It cannot be decided whether the overall 
relapse rate would have been lower had those eight patients 
been treated with the fractionated TBI method. 

Our study indicates that the combination of TBI with 
etoposide is a promising alternative to cyclophosphamide- 
containing regimens. On the other hand, our investigation 
leaves a number of problems still unsolved: the two leading 
causes for failure after any type of preparatory regimen 
continue to limit posttransplant survival in continued CR, 
namely, interstitial pneumonia and recurrence of the 
underlying malignancies. Our study also does not answer the 
question whether 60 mg etoposide/kg is a more effective dose 
than, for example, 30 mg/kg. The heterogeneity in hemato- 
logic condition and status of the candidates enrolled, the 
number of patients at the various dose levels, and the length 
of follow-up does not allow a definite answer to the dose- 
effect question. However, in view of the toxicity data (Table 
4) and the relapse and survival results (Table 5), it seems 
that 60 mg etoposide /kg is the maximum tolerated dose that 
is associated with a relatively low relapse rate (26%) and 
favorable survival (48%). It seems not likely that further 
dose escalation would result in improved disease-free survival 
figures. 

Finally, it cannot be stated that TBI/etoposide is ulti- 
mately better than any of the other previously or currently 
used preparatory regimens. This issue remains to be dealt 
with by appropriately designed future prospective random- 
ized studies. 
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Erythropoietic Repopulating Ability of Stem Cells 
From Long-Term Marrow Culture 


By David E. Harrison, Charles P. Lerner, and Elaine Spooncer 


Hemopoietic precursors are heterogenous with respect to 
their capacity for self-renewal and long-term repopulating 
ability. Bone marrow cultures produce a variety of precur- 
sors over many weeks, including CFU-S; however, it is 
important to determine whether these populations retain 
the functional ability shown by fresh marrow. The most 
primitive precursor or stem cells have the most long-term 
repopulating ability. We here describe direct measure- 
ments of this ability in cells from marrow cultures by using 
competitive repopulation assays. Cultured adherent cells 
repeatedly showed less capacity than fresh marrow cells to 
repopulate erythropoiesis in irradiated recipients, whereas 


HE LONG-TERM CULTURE of mouse bone marrow 
cells is an established method for the prolonged mainte- 
nance, proliferation, and differentiation of hemopoietic pre- 
cursor cells in vitro.'* Analogies with hemopoiesis in vivo 
include the requirement for the stromal adherent layer that 
appears to fulfill the role of the hemopoietic environment.” 
Furthermore, most cells produced in vitro have been indistin- 
guishable from their in vivo counterparts.** The hemopoietic 
precursors produced in vitro that are measured as macro- 
scopic spleen colonies by the CFU-S assay of Till and 
McCulloch’ are also identical in many respects to CFU-S 
from fresh bone marrow.’ However, the self-renewal capac- 
ity of CFU-S from the suspension and, to a lesser extent, of 
CFU-S from the adherent cells appears to decline greatly 
during the first 3 weeks in vitro.® 

Functional heterogeneity of the CFU-S compartment in 
vivo has previously been well documented by measuring their 
self-renewal? or their repopulating ability. Long-term 
repopulating abilities are low in CFU-S from the peripheral 
circulation,'° in previously transplanted marrow cells, ™™ or 
following recovery from sublethal irradiation," which shows 
that the CFU-S assay detects a heterogeneous population of 
stem cells. Since CFU-S measures are not easy to interpret, 
we focused on directly testing the primitive stem cell function 
of long-term repopulation in cultured marrow cells compared 
with fresh marrow controls. 

Repopulating abilities can be measured directly in a 
sensitive fashion by competitive repopulation.'*'* Stem cell- 
depleted recipients were given cells from the various donors 
to be compared. Each also received a standard dose of 
competitor stem cells that produced a distinguishable prod- 
uct, in this case hemoglobin.'* The percentage of donor 
hemoglobin in the recipient measured the repopulating abil- 
ity of the donor cells over many months. 


MATERIALS AND METHODS 


Animal models. C57BL/6J (B6) and WBB6F, (their F, hybrid 
with WB/ReJ) mice were used. All mice were bred at The Jackson 
Laboratory, which is fully accredited by the American Association 
for Accreditation of Laboratory Animal Care. These strains possess 
different alleles at the 8 chain locus of the hemoglobin molecule and 
produce hemoglobins that can be separated by standard electropho- 
retic procedures.'* Lethally irradiated WBBOF, recipients were 
injected with a standard dose of fresh marrow cells (competitor) 
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cultured suspension cells consistently had less capacity 
than adherent cells. Concentrations of macroscopic CFU-S 
measured at nine or 12 days were similar in cultured 
adherent and suspension cells and generally lower than 
those in fresh marrow. In every experiment, the long-term 
repopulating ability of the marrow cells used was substan- 
tially reduced after transfer into tissue culture. Thus, 
primitive stem cells may not proliferate in such cultures 
despite extensive production of CFU-S and more differen- 
tiated cell types. 
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mixed with the cultured bone marrow cells or fresh marrow controls 
(donor); the two components of the mixture were of the different 
genotypes. There is little or no hybrid resistance by WBB6F, mice 
against B6 cells. 

Long-term marrow cultures. Cultures were established with 6 to 
21 x 10° bone marrow cells per flask in Fischer's medium, 20% 
vol/vol horse serum, and 10°* mol/L hydrocortisone sodium hemi- 
succinate as described.'"* Cultures were maintained at 33°C in 5% 
CO, in air and fed weekly by removing half the growth medium and 
replacing it with fresh medium.’ Cells removed in the growth 
medium were designated cultured suspension cells. Adherent cells 
from cultures were harvested and pooled by detaching the cells with 
a rubber policeman.” 

Marrow and preparation assays. Fresh bone marrow suspen- 
sions were prepared by flushing femurs and tibias from donor mice 
into a buffered balanced salt solution.'' All cells were filtered 
through HC3-110 Nytex cloth (mesh opening, 110 am); then they 
were counted on a Coulter model ZB1 counter (Coulter Electronics, 
Hialeah, FL) after the red cells were lysed with Ultralyse (Clay 
Adams). Recipient mice were irradiated 15 to 18 hours prior to 
transplantation with a Shepherd Mark I Cs irradiator at 220 
rad/min. For CFU-S assays, B6 recipients were given 900 R, and 
WBB6F, recipients were given 1,000 R. The CFU-S assay was 
performed according to the method of Till and McCulloch’: three to 
six recipients per group were injected with 10° marrow cells in the 
lateral tail vein and checked after nine or 12 days as noted in the 
table captions. For competitive repopulation assays, WBB6F, recip- 
ients were given 1,200 R. Three to eight of these mice per group were 
injected with the following cell numbers, except as noted otherwise 
in the table caption: 2 x 10° fresh (competitor) B6 marrow cells from 
a single pool mixed with 1 x 10° from one of the three WBBOF, 
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(donor) types--adherent cells or suspension cells from the culture or 
fresh marrow cells. Donor and competitor genotypes were reversed 
in one experiment. Seven to 14 weeks later and again 22 to 29 weeks 
after that, the hemoglobin types were determined in the recipient 
mice, 


RESULTS 


Figure 1A shows the numbers of suspension cells and 
adherent cells in WBB6F, +/+ bone marrow cultures all 
made from a single marrow cell pool and tested over a period 
of 16 weeks. Figure 1B demonstrates that concentrations of 
CFU-S were equivalent in the suspension cells and adherent 
layer and that concentrations in fresh bone marrow were 
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Fig 1. Forty long-term bone marrow cultures were estab- 


lished by using pooled femoral marrow frem 3- to 6-month-old 
WBB6F, female mice. (A) Cell counts for culture suspension, 
@——@; total numbers of cells per adherent layer, O---O, over a 
16-week period of culture. (B) CFU-S number/10° celts: cultured 
suspension cells, @—-@®; cultured adhereat cells. O---O: fresh 
marrow cells, @----- @. Points show mean values, and bars are the 
standard error for four mice at each point. (C) Percentage of 
donor-type hemoglobin in recipient mice 8 to 13 weeks after cell 
mixtures were injected in the competitive repopulation assay. 
WEBB6F, donor cells were as follows: cultured suspension cells, 
©-—©:; cultured adherent cells, O---O; and fresh marrow cells, 
@-.--- ©. Fresh B6 marrow cells were the competitor. Points show 
mean values, and bars are the SE for three to four recipients at 
each point. 
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consistently higher. The production of these cell types was 
comparable with other reports.''”'? Fig 1C shows data from 
experiments using the donor adherent and suspension cells 
from these cultures or fresh WBR6F, +/+ donor marrow 
controls; doses of these were individually mixed with a 
standard dose of fresh B6 marrow competitor cells and 
injected into irradiated recipients. After 8 to 13 weeks, 
competitive repopulating abilities were shown by the per- 
centages of donor-type hemoglobin in these recipients. Per- 
centages from cultured cells declined to undetectable levels 
by 6 weeks of culture, although the adherent cells showed 
measurable repopulating abilities in subsequent weeks, nota- 
bly at weeks 8 and 14 when they produced 28% and 32% of 
the total respectively. Fresh marrow controls consistently 
repopulated better than the adherent cells and produced 79% 
and 67% of the total hemoglobin content at weeks 8 and 14. 

Table 1 shows cumulative data over the last 10 weeks for 
the experiment in Fig 1. Numbers of CFU-S per 10° adher- 
ent and suspension cells were the same and averaged 31% of 
fresh marrow values. When recipients were checked 8 to 13 
weeks after donor and competitor mixtures were injected, 
adherent cell-repopulating abilities averaged 20% of those 
shown by fresh marrow; suspension cells averaged less than 
2% of fresh marrow values. When these data were shown in 
more detail in Fig 1C, adherent cell-repopulating abilities 
were highly variable. When the same recipients were 
checked after 22 weeks more (right hand columa, Table 1), 
no donor hemoglobin was detected from cultured adherent 
cells except those collected at 14 weeks. The average repopu- 
lating abilities of adherent cells had dropped to 7% of those 
shown by fresh marrow, whereas those of suspension cells 
were undetectable. 

Table 2 summarizes data in which genotypes were 
reversed. The donors were cultured B6 cells or fresh marrow 
controls that competed with fresh WBB6F, competitor mar- 
row after 4 and 6 weeks in culture. Once again the adherent 
and suspension cells from culture had equivalent concentra- 
tions of CFU-S, yet the suspension cell-repopulating ability 
was very low, 4% and 0% of fresh marrow values. Adherent 
cell-repopulating abilities were 33% and 16% of fresh mar- 
row values. 

To determine whether the wide range of repopulating 
abilities shown by adherent cultured cells resulted from 
random variations in activities of primitive precursors in the 
separate culture flasks sampled, four more independent 
long-term marrow culture experiments were run (Table 3). 
The initial numbers of marrow cells per flask were about 
three times higher than those in Fig 1 and Table 1, and the 
same WBBO6F, +/+ type of marrow donors were used. In 
assays of long-term repopulating ability by competitive 
repopulation in experiments 2, 3, and 4 (Table 3), the ratio of 
donor to competitor cells were 2, 4, and 2.5 times lower 
respectively for the fresh marrow donor than for the cultured 
suspension and adherent cells. This compensated for the 
poorer long-term repopulating abilities of the latter. After 7 
to 14 weeks the percentages of donor-type hemoglobin pro- 
duced by fresh marrow were two to five times higher (after 
adjusting for donor cell ratios) than percentages produced by 
cultured adherent cells; the latter competed 1.5 to 2.5 times 
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Table 1. Erythropoietic Repopulating Ability of Cultured WBBGF, Marrow 











Total i 
Origin of F, Celis/Culture CFU-S/10° Percentage of Donor yee Hemoglobin After... 
Gonor Marrow (x 107°} Celis 8-13 wk 30-35 wk 
Suspension 5.8 + 0.9 5.5 + 1.4 (7) 0.9 + 0.6 (6) 0+0 
Adherent 5.7 + 0.6 5.0 + 1.9(7) 14.3 + 5.5 (6) 5.5 + 5.5 (6) 
Fresh marrow — 16.7 + 0.8 (7) 69.6 + 4.1 (6) 








pooled WBB6F, +/+ bone marrow cells per flask, and adherent cells were pooled from three flasks for testing at 2-week intervals. CFU-S data 
measured at nine days are summarized from 8 to 16 weeks in culture, and cell numbers and the percentage of donor-type hemoglobins are summarized 
from 6 to 16 weeks in culture. Values for fresh bone marrow are compiled from seven separate experimental time points, each with four recipients for 
CFU-S, and from six experimental time points for the percentage of donor-type hemoglobin, each with three to four recipients. The right hand columns 
summarize the percentage of donor-type hemoglobin in the same recipients 8 to 13 and 30 to 35 weeks after donor-competitor mixtures were 
transplanted. Only the data after 8 to 13 weeks were shown in Fig 1C. The major change after 22 weeks was the absence of hemoglobin produced by 
adherent cells from 8-, 10-, and 16-week cultures. Those from 14-week cultures continued to produce 33% + 14% (4) donor hemoglobin compared 
with 71% + 7% (3) from the fresh marrow control used at the same time. Data show mean values + SE (number of experimental time points). 


better than cultured suspension cells (Table 3). The advan- 
tage of fresh marrow was increased when percentages of 
donor-type hemoglobin were determined after 24 to 33 weeks 
in experiments | and 2. Numbers of CFU-S were determined 
at nine days in experiments | and 3 and at 12 days in 
experiments 2 and 4 due to reports that the latter may better 
represent the primitive stem cell populations.’ As in previous 
experiments, CFU-S numbers underestimated the differ- 
ences in repopulating ability. For example, in experiments 2 
and 4, adherent cultured cells had 77% and 97% of the 
12-day CFU-S as fresh marrow but 58% and 49% of the 
donor hemoglobin type at 7 to 14 weeks (Table 3). 


DISCUSSION 


The primitive stem cell function of competitive repopula- 
tion against fresh marrow was substantially reduced in 
adhereni cells from long-term marrow cultures and further 
reduced in suspension cells. These findings are consistent 
with the results of Mauch and colleagues“ who reported that 
CFU-S self-renewal capacities of suspension cells were 
extremely low and those of adherent cells were about three- 
fold lower than those of fresh marrow from weeks 3 to 8 of 
culture. Schofield and Dexter” also found very poor self- 
renewal in CFU-S from the suspension. However, they found 
normal self-renewal in CFU-S from adherent cells, a con- 
flicting result perhaps due to their use of spleen colonies in 
studying self-renewal. The most primitive stem cells may 


repopulate the marrow, not the spleen, of an irradiated 
recipient. Marrow precursor cells are studied by the long- 
term repopulation experiments in this report, and marrow 
was the source of cells whose self-renewal was studied by 
Mauch and colleagues.‘ The conclusion that stem cells in the 
adherent layer are less primitive than those in fresh marrow 
is supported by the loss of adherent cell~repopulating abili- 
ties between 7 and 14 weeks and 24 and 35 weeks in the same 
recipients (Tables 1 and 3). This also illustrates the value of 
measuring competitive repopulation over the long term so 
that measures are likely to represent truly primitive stem 
cells, although only erythrocyte function is assayed, and the 
possibility that erythroid rather than multipotential stem 
cells are measured is not formally eliminated. 

The apparent reemergence of adherent stem cells with 
considerable long-term repopulating abilities after 14 weeks 
of culture in our studies (Fig 1C, Table 1) probably repre- 
sents variability in individual cultures since cells were pooled 
from three separate (randomly selected) cultures for each 
time point. When more experiments were done and the 
cultures were started with about three times higher numbers 
of marrow cells, the relative repopulating abilities of cultured 
adherent compared with fresh marrow cells varied from 
about 20% to 50% (Table 3). This variability probably 
reflects the rarity of the true primitive stem cell and the 
random nature of its preservation among the bone marrow 
cells used to establish a culture. 


Table 2. Erythropoietic Repopulating Ability of Cultured B6 Marrow 








Culture Total 

Origin of B6 Duration Cells/Culture CFU-S/10° Percentage of 

Donor Marrow (wk) (x 107°) Cells Donor-Type Hb* 
Suspension 4 2.1 17.7 + 0.3 (4) o 
Adherent 4 1.9 13.5 + 0.5 (4) 11.5 + 4.5 (2) 
Suspension 6 5.9 3.4 + 1.0 (3) 1.34 1.3 (3) 
Acherent 6 6.1 3.5 + 0.3 (3) 5.3 + 3.9 (4) 
Frash marrow — — 16.8 + 2.3 (8) 33.0 + 3.0t 





Long-term bone marrow cultures were established from 10 to 15 x 10° pooled B6 femoral marrow cells per flask. After 4 and 6 weeks, cultured 
suspension and adherent cells were harvested. Their nine-day CFU-S were measured. and for the competitive repopulation assay, recipient mice were 
injected with 1 x 10° fresh WBBEF, competitor marrow cells from a single pool mixed from 2 x 10° suspension, adherent, or fresh B6 (donor) marrow 


cells. Data show mean values + SE (number of recipients). 


*Percentage of donor type hemoglobin in recipient mice 9 to 11 weeks after mixtures injected for the competitive repopulation assay. 
+This value was determined from three separate experiments with four recipients each. 
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Table 3. Erythropoietic Repopulating Ability of Cultured WBB6F, Marrow Prepared in Four Separate Experiments 














Origin of Peon fests CFU-S/10° Percentage of Donor-Type Hemoglobin After 
Donor Marrow {wk} (x 1074 Cells 7-44 wk 24-33 wk 
Experiment 1 
Suspension 8 11.1 2.9 + 0.5 8 + 8 (3) O + 0 (3) 
Adherent 8 3.0 44+0.7 19 + 5{7) 15 + 7 (7) 
Fresh marrow — — 15.0 + 1.2 89 + 1 (4) 87 + 5 (4) 
Experiment 2 
Suspension 8 9.1 7.7 + 0.4* 37 + 12 (7} 49 + 16 (4) 
Adherent 8 4.3 8.7 + 0.47 72 + 6 (9) 78 + 6 (8) 
Fresh marrow (x 2)t ~ — 11.3 + 0.8* 62 + 4 (3) 89 + 4(3)t 
Experiment 3 
Suspension 8 2.3 7.8 + 0.8 48 + 9 (4) — 
Adherent 8 1.5 10.9 + 1.0 68 + 3 {4) -= 
Fresh marrow (x 4)+ -— — 17.8 + 1.3 67 + 6 (5)} — 
Experiment 4 
Suspension 4 7.3 12.5 + 1.6* 29 + 12 (4) — 
Adherent 4 4.6 20.3 + 1.2* 82 + 1(3) = 
Fresh marrow (x 2.5)t _ = 21.8 + 1.6* 67 + 3 (5H $s 








Long-term bone marrow cultures were established from pooled WBB6F, +/+ femoral marrow cells using 21 x 10°, 15 x 10°, 16 x 10°, and 19 x 
10° cells per flask in experiments 1, 2, 3, and 4, respectively. After 4 to 8 weeks, cultured suspension and adherent cells were harvested. Their CFU-S 
were measured after nine or 12 days along with those of a fresh marrow control F, +/+ donor in three to six recipients each. For the competitive 
repopulation assay in experiment 1, recipient mice were injected with 2.0 x 10° fresh B6 competitor cells from a single pool mixed with 1 x 10° 


suspension, adherent, or fresh F, donor ceils. 


*Tweive-day CFU-S were measured in experiments 2 and 4, whereas nine-day CFU-S were measured in experiments 1 and 3. 

tin experiments 2, 3, and 4, the ratios of the donor to competitor cells were, respectively, 2, 4, and 2.5 times lower for the fresh marrow control than 
for the cultured cells. Thus in experiment 2, 1.0 x 10° cultured donor cells were mixed with 1.0 x 10° competitor cells, and 1.0 x 10° fresh donor cells 
were mixed with 2.0 x 10° competitor cells. in experiment 3, 2.0 x 10° cultured donor cells were mixed with 1.0 x 10° competitor cells, and 1.0 x 
10° fresh donor cells were mixed with 2.0 x 10° competitor cells. Experiment 4 was like experiment 2 except that 1.0 x 10° fresh donor celis were 


mixed with 2.5 x 10° competitor cells. 


The consistent reduction in repopulating capacity of 
adherent cells may also be due to the mechanical disaggrega- 
tion of hemopoietic tissue that occurs during culture estab- 
lishment. Indeed, cells from the adherent layers of our 
cultures repopulated at least as well as marrow cells that had 
undergone one in vivo transplantation''"? in which analogous 
disruption of the tissue occurs, although it should be noted 
that at least 100 times more proliferation occurs in vivo. Both 
in vivo and in vitro, the stress of proliferation and differentia- 
tion may push the cells of highest repopulating ability to 
form cells with lower levels of repopulating ability. It is 
unlikely that the defects in cultured cells result from the 
absence of essential accessory cells or the presence of sup- 
pressing cells because both donor and competitor cells are 
grown in the same recipient in the competitive repopulation 
assay. 

The superior repopulating ability and self-renewal of 
adherent cultured cells compared with cells in the suspension 
demonstrate why the stroma is essential to the prolonged 
duration of hemopoiesis in vitro'?" and confirm findings 
that the bulk of cells in the suspension are produced in and 
released from the adherent layer.” Although human bone 
marrow cells do not grow for prolonged periods in vitro, they 
produce cultures with adherent layers within which the more 
primitive multipotential cells are preferentially located.” 
Even cultured marrow suspension cells have been shown to 
save the lives of lethally irradiated mice.” However, any 
future use of human cultured cells for transplantation would 


best be performed by using cells of the adherent layer to 
enhance chances of long-term recovery. 

Measurement of the number of CFU-S in cultured cells 
was not proportional to their ability to repopulate hemopoie- 
sis. This was true in those measured at both nine and 12 days 
(Tables | to 3), although the latter are reported to show more 
primitive stem cell functions. Thus, quantitation by the 
CFU-S assay of stem cells grown in vitro does not necessarily 
reflect the maintenance of primitive stem cells. In order to 
grow the most primitive stem cells in vitro, procedures should 
be developed that increase the long-term repopulating abili- 
ties of the cultured cells. In the six separate experiments 
reported here, the repopulating abilities of cultured cells 
were always less than those of fresh marrow, and the total 
numbers of cells were much lower than the numbers of 
marrow cells used to initiate the cultures (Tables 1 to 3). 
Thus the cells responsible for repopulating ability do not 
appear to increase in long-term marrow cultures. Neverthe- 
less, the cells of the adherent layer evidently provide a useful 
model in vitro for studying hemopoiesis in the bone marrow, 
especially that occurring after a single transplantation. In 
contrast, the CFU-S released into the suspension phase may 
be more functionally comparable with those in peripheral 
blood than in marrow. 
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The Hematologic Characteristics of Sickle Cell Anemia Bearing 
the Bantu Haplotype: The Relationship Between €y and HbF Level 


By Ronald L. Nagel, Srinivas K. Rao, Olga Dunda-Belkhodja, Mary M. Connolly, Mary E. Fabry, 
Alan Georges, Rajagopal Krishnamoorthy, and Dominique Labie 


Previous work has demonstrated that the HbS gene has 
appeared and expanded three times in Africa in three 
separate geographic locations and that these three distinct 
mutational events can be identified by linked DNA polymor- 
phic sites (haplotypes) surrounding the abnormal gene. We 
have reported that the Senegalese and Beninian haplo- 
types differ in °y expression, mean percentage of HbF, and 
percentage of dense cells. We now report on the third 
haplotype, the Bantu, and find that it has intermediate 
features, namely, the high mean percentage of HbF and low 
percentage of dense cells associated with the Senegalese 
haplotype, but with a low percentage of Sy expression 
similar to the Beninian haplotype. The distribution of 


RESENT EVIDENCE suggests that the HbS gene 
appeared in Africa at least three times and presumably 
expanded in frequency through the selective pressure of 
Plasmodium falciparum malaria. The best evidence for this 
hypothesis comes from the geographically segregated linkage 
disequilibrium of the HbS gene with three different 8 gene 
cluster haplotypes (the Senegal, the Benin, and the Bantu 
haplotypes).' That these are indeed the major haplotypes 
associated with the HbS gene is confirmed by the study of 
Jamaican and American sickle cell anemia (SS) patients.“ 
This finding suggested the possibility that the HbS gene 
could be accompanied by a different set of linked epistatic 
genes in each of these three haplotypes. Indeed, we have 
reported previously that SS patients bearing the Senegalese 
haplotype have more HbF, less dense cells, and higher °y 
expression than patients in which the HbS gene is linked to 
the Benin haplotype.* We report here on the hematologic and 
genetic characteristics of the third haplotype, the Bantu, and 
a comparison with the other two reveals that it is associated 
with yet another unique set of features. 


METHODS 


Samples were obtained, after informed consent, from all the 
unrelated attendants of the outpatient clinic who came without 
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percent HbF is quite different from Senegal haplotype- 
bearing sickle cell anemia patients since it covers a much 
wider range. The low °y expression is also different from 
the Beninians since it contains a significant and unique 
cluster of individuals with lower than 38% °y. interestingly, 
among the Bantu there is a strong correlation between HbF 
levels and °y expression, which is not seen with the other 
haplotypes. These findings open the possibility that among 
the Bantu haplotype—bearing individuals two chromosomal 
types exist that define different levels of °y and HbF 
expression. Further structural exploration of these two 
potential subhaplotypes is needed. 

e 1987 by Grune & Stratton, Inc. 


regard to present symptomatology after a public announcement. 
Patients with a history of painful crisis less than a week old were 
eliminated from the sample. The hematologic parameters were 
determined as previously described.’ 8 Gene cluster and a gene 
haplotypes were determined by Southern blotting in the manner 
reported elsewhere’ by using the Hind HI detectable polymorphic 
site in the IVSH region of the y genes, the Minch sites in the yë gene 
region, and Hpal site 3’ to the 8 gene. In a subset of samples in 
addition, the Hincll site 5’ to e, Xml 5‘ to y, the Pvull site 5’ 10 Y8, 
the Avall in IVSH of the 8 chain and the BamHI 3 to the Hpl site 
were determined. The a haplotype was determined by BamHI 
digestion. Percoll-Stractan isopycnic gradients were made as 
described previously.’ and the four classes of cells were defined as 
fraction 1 (Fl, mean corpuscular hemoglobin concentration 
[MCHC] less than 33 g/dL. densities less than 1.083 g/mL), 
fraction 2 (F2, MCHC between 33 and 37 g/dL, densities between 
1.083 and 1.093 g/mL), fraction 3 (F3, MCHC between 37 and 42 
g/dL, densities between 1.093 and 1.105 g/mL), and fraction 4 (F4, 
MCHC greater than 42 g/dL, densities greater than 1.105 g/mL). 
FI contains reticulocytes and young cells, F2 reversible discocytes, 
F3 the unsicklable SS discocytes, and F4 the densest irreversible 
discocytes and the irreversibly sickled celis (SC). 

Percent HbF present as “y was determined by a high-performance 
liquid chromatography method using a Vydac large-pore (300 A) C, 
column, 4.6 x 250 mm (Separations Greup, Hesperia, CA) and an 
acetonitrile/trifluoroacetic gradient. The HbF was prepurified by 
BioRex-70 (Bio-Rad, Richmond, CA) column chromatography. 

Statistics were done with the help of an IBM-XT computer and 
the Statgraphics program (STSC-Plus-Ware, Rockville, MD) for 
plotting, frequency histogram, regression analysis, the two-sample t 
test, and cluster analysis. 


RESULTS 


We have studied 64 unrelated SS patients from the 
Central African Republic. Of these 128 chromosomes, 116 8 
genes were linked to the Bantu haplotype (90.6%), whereas 
12 chromosomes were atypical and their characteristics will 
be reported elsewhere. 

Hematologic and genetic characteristics of SS-bearing 
Bantu haplotype. We report here on the hematologic and 
genetic characteristics of 54 SS patients (mean age, 14 + 6.3 
SD) in whom the Bantu 8 gene cluster haplotype! has been 
demonstrated by defining five polymorphic sites. Of these 54 
patients, 36 were females and 18 males, 26 were aa/aa 
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(48.4%), 22 were —a/aa (40.6%), and 6 were —a/—a 
(11.1%). The gene frequency of the ~a haplotype is then 
0.315 among these patients, higher than that found among 
AA individuals in the Central African Republic,’ which 
predicts that about 62% of patients with SS have concomi- 
tant a-thalassemia. This result is in agreement with earlier 
data that found the frequency of —a@ increased among sickle 
cell anemia patients as compared with the normal popula- 
tion,”® which suggests a protective effect of a-thalassemia in 
terms of survival. This suggestion has been confirmed in 
several populations by the age dependence of the ~a gene 
frequency," although the data of others” have only partially 
confirmed this finding by observing four homozygotes among 
the patients over 50 years old. 

In Table I the hematologic and genetic characteristics of 
the total sample and of the sample separated according to a 
gene status are depicted. Prominent among the findings are 
the high percentage of HbF (10.4%) and the corresponding 
low percentage of F4 (8.9%) and ISC (8.7%). The HbF levels 
are significantly correlated with the level of F4 (7 = .320, P < 
.018, n = 54) as previously demonstrated for SS patients with 
the Senegalese haplotype.* HbF also correlated with ISC 
(r = .299, P < .027), not surprisingly since the percentage of 
ISC in the total population correlates with the percentage of 
F4 very strongly (r = .863, P < 4.4 x 107"). It is interesting 
to note that the correlation of the percentage of ISC v F4 had 
an r” of .86 for aw/aa individuals but that the r? for —a/aa 
and —a/—a patients was much lower (.32), which suggests 
that in concomitantly a-thalassemic individuals the percent- 
age of ISC is a less accurate reflection of the percentage of 
dense cells. 

The reticulocyte count was correlated with F4 in the total 
sample (r = .304, P < .025). The hematocrit (Hct) value was 
marginally correlated with the percentage of HbF (r = .26, 
P < .05) and the reticulocyte count (r = .26, P < .05). 

The “y ratio was 40.4% (+6.2 SD) in 54 patients studied, 
and no effect of a-thalassemia on this parameter is 
observed. 

Table 2 compares the hematologic properties of the Bantu 
haplotype SS with the Senegalese and Beninians. The Bantu 
and the Senegalese share a high percentage of HbF and a low 
percentage of F4, even when the elevated frequency of 
a-thalassemia in the Bantu population is taken into account 


Table 1. Hematologic and Genetic Characteristics of Sickle Cell Anemia Bearing the Bantu Haplotype 
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Table 2. Comparison of the Hematologic Characteristics of the 
Three Major Haplotypes Linked to HbS 








Characteristics Senegal* Benin* Bantu 
n 28 41 53 
Het (%) 24.6 + 3.1 24.2 +49 23.9 23.7 
HbF (9%) 12.3 + 5.3 8.0 + 5.2 10.4 + 4.9 
F4 (%) 12.2 + 8.8 17.0 + 8.9 8.9 + 8.4 
ISC (%) 9.3 + 5.3 14.3 + 10.3 8.7 49.4 
Sy (%) 65.8 + 8.9 44.8 +46 40.4 + 6.2 








Data are means + SD. See the text for significance. 
*Data from reference 4. 


by comparing the non-a-thalassemic Bantu to the Senega- 
lese in whom a-thalassemia is less prevalent. Nevertheless, 
they are different in that the Senegalese haplotype is linked 
to high Sy expression and the Bantu is linked to low Sy 
expression in the adult. Both haplotypes are in turn very 
different from the Beninian haplotype, which is character- 
ized by low HbF and high F4 percentages. 

The percentage of HbF among the Bantu is significantly 
different from the Beninian ( P < .009), as are the percentage 
of F4 (P < .00002) and the percentage of ISCs (P < .005). 
The Bantu percentage of F4 was also significantly different 
from the Senegalese percentage of F4 ( P < .05). 

The distribution of the percent HbF among patients with 
sickle cell anemia is also different for the three haplotypes 
(Fig 1). The mode for the percentage of HbF among patients 
with the Benin SS haplotype is in the class between 2.6% and 
5%, with a nongaussian distribution trailing off to higher 
percentages. In contrast, the mode for Senegal and Bantu 
haplotypes is 10.1% to 12.5%, although a higher proportion 
(33% v 25%) of Senegalese are found with a percentage of 
HbF greater than 10. The difference between these two 
groups is the lack of Senegalese SS with a HbF below 5%, a 
class that is populated by over 11% of the Bantu SS 
patients. 

The relationship between percent HbF and percent °y. 
Figure 2 illustrates the relation between the percentage of °y 
and the percentage of HbF for the patients bearing the Bantu 
haplotype and a comparison with the Senegalese and Benin- 
ian sickle cell anemia patients. Not all Senegalese SS are 
known to carry the Senegalese haplotype. For the Bantu SS 
restricted to individuals 5 years of age or older (n = 52), the 








Characteristic Alt SS SS + aa/aa SS + ajan SS + safe 
n 54 26 28 6 
Sex, percent female 66.6 57.61 76.0 66.6 
Age 14.0 + 6.3 12.6 +68 15.4 + 5.7 14.7 + 8.4 
Het 23.8 + 3.7 23.1 + 3.3 24.5 +39 24.8 + 4.0 
Reticulocytes (%) 25.0 + 13.1 25.5 + 13.7 24.8 + 12.8 19.6 + 9.9 
HbF (%) 10.4 + 4.8 10.35 + 5.1 10.4 + 4.7 10.8+ 0.7 
Sap 40.4 + 6.2 42.6 + 5.0 39.2 + 7.4 37.5 > 14 
(Sct 8.7 + 9.4 8.8 + 12.0 8.5 + 6.1 75244 
Fi 46.9 + 22.5 50.5 + 26.3 43.5 + 18.2 43.7 + 24.9 
F2 39.7 + 19.2 34.9 + 21.2 44.1 + 16.2 45.8 + 22.3 
F3 4.5 + 3.3 4.7+3.7 4.4 +29 4443.3 
Få 8.9 + 8.0 9.9 + 10.5 79447 6.0 + 3.0 





Numbers (except for n = number of patients and sex) are mean + SD. 


*F1, F2, F3 and F4 are density-defined red cell SS fractions obtained from Percoli-Stractan isopycnic gradients. 
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Fig 1. Frequency histo- 
gram of the percentage of HbF 
among SS patients bearing the 
Benin, Bantu, and Senegal 
haplotypes. 


regression coefficient of percent HbF v percent ĉy was 0.71 
with a slope of 0.53 and a t = 7.066, DF = 49, and P < .0001. 
The presence or absence of a-thalassemia does not affect the 
results. Statistical cluster analysis of the data in Fig 2A 
reveals that there is a cluster of patients with less than 38% 
Sy, scarcely represented among Beninian patients (2B). 
When the percent HbF in the group of Bantu SS patients 
with less than 38% y is compared with the percent HbF in 
those with more than 38.1%, the two-sample ¢ test is highly 
significant, with a mean of 6.34 + 2.46, and 12.46 + 4.0, 
respectively, (¢ = 5.909, DF = 50, P < 3.0 x 10°? (Table 3). 
In addition, the variance in the percent HbF among those 
above 38.1% °y is much higher than that in those below 38% 
€y. The presence or absence of «-thalassemia, again, does not 
affect these findings. No differences in the mean of the Hct, 
reticulocyte count, F4, or ISC count was observed between 
these two subsets. The low percentage of F4 and ISC (despite 
the lower percentage of HbF) in the <38% °y is due toa high 
proportion of a-thalassemics among these 18 individuals. In 
addition, full haplotypes (ten polymorphic sites) were deter- 
mined in three subjects with less than 38% y and three with 
greater than 38% y; no differences were observed, and all 
subjects were Xmn I|-negative. 

Most interesting are the calculations of regression curves 
below and above 38% °y. The r value for a correlation 
between HbF v ISC or F4 is (not significant) in the subset 
equal or less than 38% “y, whereas it is highly significant (for 
ISC =r = ~.53, DF = 29, t = — 3.32, P < .005; and for F4 = 
r= —.45, DF = 29,1 = —2.79, P < .01) among those equal 
or higher than 38.1% Sy. 


DISCUSSION 


One of the most perplexing features of sickle cell anemia is 
the extreme variability of the hematologic characteristics 
and severity of its symptomatological components when a 
large number of patients are analyzed. It has recently 
become clear that one of the sources of this heterogeneity is 
the presence of the HbS gene on chromosomes bearing at 
least three different arrays of linked genes and sequences, 
which arose and expanded in geographically segregated 
regions of Africa and generated three 8 gene cluster haplo- 
types linked to these HbS genes.' The Senegalese haplotype 
is found in Senegal and surrounding areas of Atlantic West 
Africa; the Benin haplotype is found in Benin and surround- 
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Fig 2. (A) Scatter plot of percent HbF v percent °y for Bantu 
haplotype SS patients. @, aa/aa; O, —~a/aa; A, ~af—a. The 
straight line represents regression of the percentage cf HbF on °y, 
which has an r = .71, slope = 0.53, t = 7.066, DF = 49, and P < 
-0001. Curved lines are clusters derived from a matrix that 
contains percent °y, percent HbF, and percent F4 using a Stat- 
graphics program with the restriction that two clusters be 
formed. (B) Scatter plot of percent HbF v percent °y for Beninian 
haplotype SS patients. @, aa/aa;O — alaa. No significant correla- 
tion was found. {C} Scatter plot of percent HbF v percent °y in SS 
patients originating in Senegal. @, Senegal haplotype; J, atypical 
haplotype; D, unknown haplotype. No significant correlation was 
found. 


ing areas of Central West Africa and in North Africa and the 
Mediterranean where its presence has been extended 
through gene flow; and finally, the Bantu haplotype is found 
in the Central African Republic and presumably (on the 
basis of Hpal polymorphism data) in the whole of the 
Bantu-speaking equatorial and Southern Africa. 

To what extent do these different haplotypes linked to 
HbS generate different hematologic, genetic, and clinical 
features? Are there three types of sickle cell anemia? 
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Table 3. Hematologic Parameters in SS Patients with Bantu Haplotype (=5 Years Old) Divided into Two Subsets by Sy Level 

















<38% Sy* > 38.1% Syt 
Mean + SD Variance Mean + SD Variance 
HbF (%) 6322.5 6.1 12.5 +40 16.0} 
Het (%} 25.2 + 3.6 13.2 23.0 + 3.7 13.4 
Reticulocytes (%) 26.1 + 13.9 192.7 25.3 + 13.3 177.6 
F4 (%) 8.1455 30.6 9.6 + 9.3 86.6 
ISC (%) 7.8 + 6.0 36.1 9.7 + 11.2 125.9 








*Tea/aa), 9—-a/aa), 2 ~a/ ~a); n = 18. 
t20læa/aa), 14(--a/aa); n = 34, 
tP < .0000003. 


We have partially answered this question, previously, by 
studying’ haplotypically homozygous SS patients bearing 
the Senegalese and the Beninian haplotypes. That study 
demonstrated that, indeed, the Senegalese haplotype linked 
to the HbS was characterized by higher HbF levels, a lower 
percentage of dense cells, and a high Sy expression in the 
adult. That their features are genetic in origin is given 
considerable support by the finding that the same haplotype 
induces a similar HbF response in thalassemia even though 
this disease is under different pathophysiological control." In 
contrast, the Beninian haplotype was characterized* by SS 
patients exhibiting lesser amounts of HbF, a larger propor- 
tion of dense cells,'? and low fy gene expression. A model 
that describes the combined effect of a-thalassemia and 
percent HbF on percent F4 (dense cells) was developed for 
our New York black population® and for the Senegalese and 
Beninian populations.‘ The relative contribution of a-thalas- 
semia and percent HbF was different for each population as 
would be anticipated if there were a third factor (haplotype) 
that alse affects dense cell generation. 

The characteristics of SS patients bearing the Bantu 
haplotype have features that distinguish them from the other 
two haplotypes. First, the mean and mode (Table 2 and Fig 
1) of the percentage of HbF is high and similar to the SS 
patients with Senegalese haplotypes. Nevertheless, the distri- 
bution of the values is different: no SS patient with Senega- 
lese haplotype had an HbF level less than 5%, whereas 11% 
of Bantus had an HbF level between 0% and 5%, although 
mostly between 2.6% and 5% (Fig 1). The situation is 
considerably different among the patients bearing the Benin 
haplotype who exhibit a HbF distribution with a mode 
between 2.6% and 5% and a very nongaussian distribution 
with a long tail toward the higher values. Another important 
feature of the Bantu sickle cell anemia patient is their low 
percentage of dense cells, again similar to the Senegalese and 
not exclusively due to higher frequency of a-thalassemia 
among the Bantu. Although there is a significant correlation 
between percent F4 or percent ISC and percent HbF in both 
populations, a lesser proportion of the variability can be 
explained by the level in the percentage of HbF among the 
Bantu than in the Senegalese (r? = .53 v .10). However, if 
only the non-a-thalassemic Bantu patients are considered, r 
rises from .10 to .22 witha P > .02. 

A further characteristic that differentiates the Senegalese 
from the Bantu is the “y expression. The Senegalese exhibit a 
high Sy expression among adults, an infrequent finding 


among normal individuals who switch from the newborn 70% 
Sy /30% ^y ratio to the adult 40% °y/60% ^y ratio during the 
first 4 months of life. The Bantu SS have the low fy 
expression (Table 1) characteristic of adults. 

Although the genetic linkage between HbS and haplotypes 
and between haplotypes and fy expression is well estab- 
lished,'*"' no formal linkage analysis of the percentage of 
HbF and haplotype has yet been possible. Although the 
statistically significant association between the mean and 
frequency distribution of the percentage of HbF and haplo- 
type suggests genetic linkage, it is nevertheless already clear 
that modulating epistatic effects from other genes or factors 
will result in a not very tight linkage. Family studies, 
hampered by the absence of the anemia-induced HbF 
response in parents, will be needed to quantify the hnkage. 

The next question is whether there is a correlation between 
percent ĉy and percent HbF. Previous studies of American 
SS patients over the age of 5 have found no significant 
correlation between these two parameters’? (although a weak 
correlation was found in SS patients below this age), and the 
same is true of the previously studied Beninian SS patients‘ 
(Fig 2). On the other hand, among SS patients bearing the 
Bantu haplotype there is a significant correlation {P < 
.0001) between °y and HbF that, on further analysis, seems 
to arise from a cluster of individuals with a low expression of 
Sy (<38%). This group is little represented among the 
Senegalese, the Beninians, and the patients analyzed by 
Huisman et al.” The low y subset is associated with a low 
percentage of HbF, whereas the subset with higher “y 
expression has a significantly higher percentage of HbF 
(Table 3). Interestingly, the variance is low in the former and 
large in the latter. These findings explain why no significant 
correlation has been found in populations of patients in which 
the group with low °y expression is not well represented. In 
addition, if the data of the Huisman group” is divided into 
less than and more than 38% “y, a significantly lower 
percentage of HbF is observed for the <38% °y subset: for 
patients who are 5 years old or older, the mean is 3.87 + 3.3 
compared with 12.2 + 5.5 for the >38.1% Sy (P < 01). 

The low ĉy subset exhibits poor correlation between HbF 
and F4 or ISC, whereas the higher than 38.1% subset 
exhibits a strong negative correlation (r = .53, P = .005). 
This dimorphic population explains the lower correlation of 
HbF and dense ceils in the overall sample. 

The heterogeneity in °y expression among the Bantu and 
its relation to HbF expression is a significant finding that 
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opens new avenues of investigation. Our working hypothesis 
is that the subset with lower than 38% Sy corresponds to a 
distinct chromosome bearing different HbF determinants 
than the rest of Bantu haplotypes (although not distinguish- 
able by the ten endonuclease-definable polymorphic sites 
including the Xmul site). Efforts to define these determi- 
nants by sequencing are underway in our laboratory. 

A complementary explanation is that the enrichment 
factor (the ratio between F cells and F reticulocytes!) might 
modulate the HbF level, particularly among individuals with 
a percentage of “y between 38 and 50. This last effect might 
be the consequence of the dependence of the enrichment 
factor on the constitutive HbF expression (percentage of 
HbF reticulocytes), a possibility supported by the data of 
Dover et al.'* These variations also might affect the resulting 
percentage of HbF more significantly in higher HbF- 
producing individuals. In addition, the variability of dense 
cells with respect to HbF level might depend on the distribu- 
tion function of HbF among HbS-containing cells, a factor 
that may be genetically determined. 

We conclude that the Bantu haplotype results in yet 
another set of hematologic and genetic characteristics that 
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exhibit a high mean HbF percentage (although with a 
different distribution than the Senegalese), a low percentage 
of dense cells (although less determined by the HbF level 
than among Senegalese), and a low °y expression (unlike the 
high “y expression characteristic of the Senegalese) but with 
a wide range of the °y percentage (unlike the distribution 
among Beninians). 

Because patients in the Americas originated from the 
three geographically segregated but haplotypically homog- 
enous areas of Africa,’ they can be expected to belong to the 
three types of sickle cells anemia, but it is further compli- 
cated by both non-African admixture and by the presence of 
a high number of haplotypically heterozygous individuals 
whose hematologic characteristics have not been defined. 
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The In Vitro Synthesis of Polypeptides for the Platelet 
Membrane Glycoproteins IIb and Ia 


By Samuel M. Silver, Margaret M. McDonough, Gaston Vilaire, and Joel S. Bennett 


The piatelet membrane glycoproteins lib (Gplib) and Gplila 
form calcium-dependent heterodimers containing binding 
sites for fibrinogen, von Willebrand factor, and fibronectin. 
Although Gpllb and Gplila are distinct proteins, both Gplib 
and Gplila are deficient in platelets from individuals with 
the recessive disorder Glanzmann’s thrombasthenia. To 
gain a better understanding of the genetic basis for Gpllb 
and Gpllla synthesis, we studied their synthesis by two 
human leukemia cell lines, HEL and K562. HEL cells con- 
tained complexes of Gplib and Gplila, and K562 cells 
expressed Gpilla, but not Gplib, when stimulated with 


HE GLYCOPROTEINS Ifb and Hla (GplIb and 

Gpllla)' exist as calcium-dependent heterodimer com- 
plexes on the surface of unactivated platelets. Following 
platelet activation, the complexes express binding sites for 
fibrinogen,'? von Willebrand factor, and fibronectin.’ GplIb 
and Gplila are distinct proteins. They differ in subunit 
structure, have dissimilar tryptic peptide maps, and lack 
antigenic cross-reactivity.’ Thus, it is not obvious why both 
glycoproteins are deficient to a similar extent in platelets 
from individuals with the autosomal recessive disorder 
Glanzmann’s thrombasthenia.* To gain a better understand- 
ing of the genetics of GpHb and Gpllla, in vitro studies of 
their synthesis will be required. Unfortunately, platelets are 
not suitable cells for these studies because they retain little 
protein synthetic capacity. Furthermore, although mega- 
karyocytes synthesize Gpllb and Gpllla, the number of 
megakaryocytes that can be isolated is limited by their 
paucity in bone marrow specimens.*’? To overcome these 
problems we have studied Gpllb and Gpllla synthesis using 
cells from two human leukemia cell lines, HEL and 
K 562." In this report we have characterized the GplIb and 
Gpllla synthesized by HEL and K562 cells. Furthermore, 
using RNA isolated from each cell line, we have demon- 
strated that the synthesis of these proteins is directed by 
separate species of mRNA, which suggests that GpHb and 
Gpllla are the products of separate genes. 


MATERIALS AND METHODS 


Preparation of polyclonal antisera against platelet GplIb and 
Gpilla. Polyclonal anti-Gp!Ib and anti-Gpllla antisera were pre- 
pared by immunizing rabbits with purified human platelet Gplfb 
and Gpllla. To purify platelet GpHb and GpIlla, outdated human 
platelets were extracted with 1% Triton X-100 in 0.05 mol/L Tris 
buffer, pH 7.4, containing | mmol/L CaCl,."° Affinity chromatogra- 
phy was then performed with the Gpllb/GpIHa complex—specific 
monoclonal antibody A,A; immobilized on Sepharose.'* Retained 
GpHb-Gpllla complexes were eluted with 0.05 mol/L diethylamine, 
pH 11.5, and precipitated with 6 vol of cold acetone.'* The eluted 
Gpllb and Gpllla were then separated by 0.1% sodium dodecyl 
sulfate (SDS)~7.5% polyacrylamide gel electrophoresis performed 
in the absence of a reducing agent.’ Regions of the gels containing 
Gpllb and Gpllla were excised, and the glycoproteins were removed 
by electroelution. Prior to immunizing rabbits, Gpllb and GpHla 
were reduced with 0.2 mol/L dithiothreitol and alkylated with 0.25 
mol/L iodoacetamide. Anti-Gpllb and anti-Gpllla IgG were pre- 
pared from rabbit immune serum by affinity chromatography on 
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phorbol-12-myristate-13-acetate (PMA). RNA from HEL 
cells directed the in vitro synthesis of a 110,000-M, precur- 
sor for Gplib and a 92,000-M, precursor for Gpllla, which 
indicates that the synthesis of Gpilb and Gpliia by HEL celis 
is directed by separate mRNAs. In contrast. RNA from 
PMA-stimulated K562 cells only directed the synthesis of a 
92,000-M, precursor for Gpilla. The dissociation of Gpllb 
and Gpllia synthesis in K562 cells suggests that Gpilb and 
Gplila may be the products of separate genes. 

© 1987 by Grune & Stratton, Inc. 


protein A-Sepharose (Pharmacia Fine Chemicals, Piscataway, NJ). 
Prior to use, the IgG were incubated with thrombasthenic platelets 
and with either purified GpHb or Gpiifa fixed to Immulon 2 plates 
(Dynatech Laboratories, Alexandria, VA). 

Immunoblotting with anti-GpHb and anti-Gpiila IgG. HEL 
cells (a gift from Dr Thalia Papayannopoulou, University of Wash- 
ington, Seattle) and K562 cells were grown in RPMI 1640 medium 
(Flow Laboratories, McLean, VA) containing 10% fetal calf serum. 
Log growth phase cells were seeded at 0.5 x 10°/mL. For some 
experiments, K562 cells were grown in the presence of }0°* mol/L 
phorbol-12-myristate-13-acetate (PMA) (Sigma Chemical Co, St 
Louis) because this phorbol ester was reported to induce the 
expression of platelet antigens by this cell line.” Cells were extracted 
with 0.5% Triton X-100 in 0.05 mol/L Tris buffer, pH 7.4, contain- 
ing 0.15 mol/L NaCl, I mmol/L phenylmethylsulfony! fluoride, and 
1 mmol/L N-carbobenzoxy-i-glutamyl-L-tyrosine (buffer A}. Ali- 
quots of the extracts containing 150 to 300 ug protein were then 
electrophoresed on 0.1% SDS—7.5% polyacrylamide slab gels. Disul- 
fide reduction was accomplished with 10% 2-mercaptoethanol, Fol- 
lowing electrophoresis, separated proteins were transferred to nitro- 
celluose paper (Schleicher & Schuell, Inc, Keene, NH}. Immuno- 
blotting was performed using a 1/20 dilution of either rabbit 
anti-Gplib or anti-Gpllla IgG and ‘I-labeled staphylococcal pro- 
tein A (Boehringer Mannheim, Indianapolis} as previously 
described. The labeled immunoblots were dried and exposed to 
Kodak X-Omat AR photographic film for 24 to 96 hours. 

Immunoprecipitation of GpHb and Gplila from HEL and K562 
cells. HEL cells, K562 cells, and human platelets were labeled 
with ‘I using lactoperoxidase/H,O, and were extracted with 6.5% 
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Triton X-100 in buffer A. Fixed staphylococci (Pansorbin, Calbio- 
chem-Behring Corp, La Jolla, CA) were used to collect immune 
complexes and were prepared by heating at 100°C for ten minutes in 
2 mMol/L Tris buffer, pH 7.5 containing 3% SDS and 10% 
2-mercaptoethanol and washing five times with 2 mmol/L Tris 
buffer, pH 7.5, containing 0.1% SDS and 0.1% Triton X-100."" Cell 
solutions were cleared by incubating 100-uL aliquots with 2 uL of 
nonimmune rabbit serum for 15 minutes at 4°C followed by an 
incubation with 10 uL of a 10% suspension of staphylococci for 15 
minutes at 4°C. Ten to 20 yg of either anti-GpIIb or anti-Gpllla IgG 
were then added to the supernatants and the incubations continued 
at 4°C for 16 hours. Immune complexes were collected by adding 
100 uL of a 10% suspension of staphylococci for 1 hour at 4°C. The 
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Fig1. immunoblots of unreduced and reduced Gpllb and Gpllla 
from HEL cells and PMA-stimulated K562 cells. Triton X-100 
(0.5%) extracts of HEL cells and PMA-stimulated K562 cells 
containing 300 ug protein were electrophoresed on 0.1% SDS- 
7.5% polyacrylamide slab gels. Disulfide bond reduction was 
accomplished with 10% 2-mercaptoethanol. Extracts of human 
platelets were prepared in the same manner as positive controls. 
The separated proteins were electrophoretically transferred from 
the gels to nitrocellulose paper and were examined by immuno- 
blotting by using rabbit anti-Gpllb and anti-Gplila IgG and *™I- 
labeled staphylococcal protein A. Autoradiograms of the dried 
blots are shown in the figure. Molecular weights were calculated 
from the mobility of standard proteins. (A, B) immunoblots using 
anti-Gplilb IgG. (C, D) Immunoblots using anti-Gplila IgG. (A, C) 
immunoblots of unreduced gels. (B, D) immunoblots of reduced 
gels: 1, platelets; 2, HEL cells; 3, K562 cells grown in the presence 
of 10 * mol/L PMA for 48 hours; 4, unstimulated K562 cells. 
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staphylococci were then washed five times with 2 mmol/L Tris 
buffer, pH 7.5, containing 0.15 mol/L NaCl, 0.1% SDS, and 0.1% 
Triton X-100 and were heated at 100°C for five minutes in 0.01 
mol/L Tris-HCI buffer, pH 6.8, containing 3% SDS. Immune 
complexes were electrophoresed on unreduced 0.1% SDS-7.5% 
polyacrylamide slab gels. The gels were dried and exposed to Kodak 
X-Omat AR film for one to three days. 

Detection of platelet GpIIb and GpI Ila antigens on the surface of 
intact HEL and K562 cells. To detect platelet-specific GplIb-and 
Gpl lla antigens on the surface of intact HEL and K562 cells, 0.25 x 
10° cells were incubated with dilutions of a panel of antihuman 
platelet Gpllb, Gpllla, and Gpllb-Illa murine monoclonal anti- 
bodies for 30 minutes at 4°C in a buffer consisting of Dulbeeco’s 
phosphate-buffered saline (GIBCO, Grand Island, NY) with 0.02% 
sodium azide and 0.2% bovine serum albumin. After a second 
incubation with a 1/40 dilution of affinity-purified fluorescein 
isothiocyanate-conjugated goat (Fab’), antimurine immunogobulin 
(Tago Diagnostics, Burlingame, CA) for 30 minutes at 4°C, the cells 
were examined in a fluorescent cell analyzer (Spectrum II, Ortho 
Diagnostics, Westwood, MA). Antibody binding was considered 
positive if the number of fluorescent cells exceeded the number seen 
with the negative control antibody P3 x 63. The monoclonal 
anti-GplIb antibody Tab was a gift from Dr Rodger McEver.'* The 
monoclonal antibody B1B5 was produced by immunizing mice with 
purified human platelet GplIb. It binds only to platelet Gpllb on 
immunoblots of human platelet membranes. 

In vitro translation of Gpllb and Gplilla. Gpllb and Gpllla 
precursors were translated in vitro using RNA purified from HEL 
and K562 cells by the method of Deeley et al.'? For some experi- 
ments MRNA was isolated from the tota! cellular RNA by chroma- 
tography on oligo-dT cellulose (Bethesda Research Laboratories, 
Gaithersburg, MD). RNA translations were performed at 37°C for 
60 minutes in the presence of dithiothreitol by using a rabbit 
reticulocyte lysate in vitro translation system (New England 
Nuclear, Boston). Translation of HEL RNA was performed in the 
presence of [S]methionine (New England Nuclear). GpIb and 
Gpllla precursors were immunoprecipitated from the translation 
mixture with polyclonal anti-Gpllb or anti-GPIla IgG and identi- 
fied by SDS-polyacrylamide gel electrophoresis performed under 
reducing conditions. The specificity of the immunoprecipitations 
was tested by preincubating the IgG with 5 to 10 ug of either purified 
platelet Gpllb or Gpllla. Following electrophoresis, the gels were 
prepared for fluorography (Autofluor, National Diagnostics, Somer- 
ville, NJ), dried, and exposed to Kodak X-Omat AR film at — 70°C 
for one to three days. RNA purified from K562 cells was translated 
in vitro in the presence of unlabeled methionine. The translation 
products were dissolved in SDS and examined by immunoblotting. 
Monospecific polyclonal rabbit anti-GplIb and anti-Gpllla antisera 
and ‘I-labeled staphylococcal protein A were used for these blots. 


RESULTS 


Characterization of HEL and K562 Gpllb end 
Gpllla. To detect HEL GplIlb and Gpllla, cell extracts 
were prepared with Triton X-100, electrophoresed on SDS- 
polyacrylamide gels under nonreducing and reducing condi- 
tions, and examined by immunoblotting with polyclonal 
anti-Gpllb and anti-Gpllla IgG (Fig 1). We found that 
HEL cells contained polypeptides reacting with both aati- 
Gpllb and anti-Gpllla IgG. Under nonreducing conditions, 
anti-Gpllla IgG reacted with a 95,000-M, polypeptide. 
Following reduction, the apparent M, of this polypeptide 
increased to 116,000. This increase in apparent M, following 
reduction is similar to the behavior of platelet Gpllla upon 


GLYCOPROTEINS lib AND Illa 


reduction and suggests that HEL Gpllla, like platelet 
Gpllla, is a single-chain polypeptide with multiple intra- 
chain disulfide bonds.’ Anti-Gpllb IgG under nonreducing 
conditions reacted with a 140,000-M, polypeptide. However, 
under reducing conditions, it reacted with two polypeptides, 
the 140,000-M, polypeptide and a second polypeptide with 
an M, of 125,000. Platelet GpIb is a disulfide-linked two- 
chain molecule containing a 125,000-M, œ chain and a 
23,000 M, 8 chain.’ Bray et al recently reported that HEL 
Gpllb is synthesized as a single-chain precursor that is 
processed posttranslation into a and 8 chains.” The M, of the 
polypeptides recognized by our anti-GplIb IgG correspond 
to those of platelet Gpllb and GplIlba, respectively. This 
suggests that HEL cells contain two pools of GpIIb mole- 
cules, one containing disulfide-linked œ and 8 chains and a 
second that did not undergo cleavage into a and f chains. 

We also performed immunoblotting with extracts of un- 
stimulated and PMA-stimulated K562 cells (Fig 1). Anti- 
Gpllla IgG did not react with any polypeptides on the 
immunoblots of the unstimulated cells but did react with a 
95,000-M, polypeptide after the cells had been incubated 
with 10°* mol/L PMA for at least 12 hours. Furthermore, 
like HEL and platelet GpIIla, the molecular weight of this 
polypeptide increased to 116,000 following disulfide reduc- 
tion. However, in contrast to HEL cells and platelets, anti- 
Gpllb IgG did not react with any polypeptides on immuno- 
blots of extracts of either unstimulated K562 cells or of K562 
cells stimulated with PMA for as long as 72 hours. 

To determine whether HEL Gpllb and Gpllla and K562 
exist in heterodimer complexes, we performed immunopre- 
cipitations using Triton X-100 extracts of '“I-labeled cells 
and the polyclonal anti-GpIlb and anti-Gpllla IgG. Immu- 
noprecipitations also were performed with '*I-labeled 
human platelets. As seen in Fig 2, anti-Gpllb and anti- 
Gpllla IgG each immunoprecipitated both components of 
the Gpllb-Gpllla heterodimer from the platelet extracts.” 
Similarly, anti-GplIb IgG immunoprecipitated both GpIIb 
and Gpllla from the HEL cell extracts. This result indicates 
that at least a portion of the HEL Gpllb and Gpl Ila exists in 
heterodimer complexes. Due to partial reduction of the 
Gpllb during the immunoprecipitation, a polypeptide corre- 
sponding to GpI be was also present in this immunoprecipi- 
tate. Anti-Gpllla IgG also immunoprecipitated GpIb and 
Gpllla from the dissolved HEL cells. However, the predomi- 
nant polypeptide in this immunoprecipitate was GplI Ila. The 
reason for the difference in the composition of the HEL 
immunoprecipitates depending on whether anti-Gpllb and 
anti-Gpllla IgG was used is not clear because the immuno- 
precipitations were performed under identical conditions but 
a similar difference in the composition of the immunoprecipi- 
tates was seen in the platelet controls. 

As we expected from the K562 immunoblots, anti-GpIIla 
immunoprecipitated a Gpllla analogue from extracts of 
PMA-stimulated K562 cells but not from extracts of un- 
stimulated cells. However, we did not detect another poly- 
peptide complexed with Gpl lla in these immunoprecipitates, 
nor was a GpIb analogue present in immunoprecipitates 
using anti-Gpllb IgG. These data confirm that PMA- 
stimulated K562 cells express a GpIIla-like protein and do 
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Fig 2. Identification of Gpllb and Gpllla antigens from HEL and 
K562 cells by immunoprecipitation. Immunoprecipitations were 
performed by using “I-labeled HEL cells, K562 cells, and human 
platelets dissolved with 0.5% Triton X-100 in a buffer containing 
0.05 mol/L Tris, 0.15 mol/L NaCl, 1 mmol/L phenyimethyisulfony! 
fluoride, and 1 mmol/L N-carbobenzoxy-t-glutamyl-i-tyrosine, pH 
7.4, and either monospecific rabbit anti-Gplib or anti-Gplila IgG. 
Immune complexes were collected with fixed staphylococci and 
were examined on unreduced 0.1% SDS-7.5% polyacrylamide slab 
gels. Following electrophoresis, the gels were dried and exposed 
to Kodak X-omat AR film for one to three days. Molecular weights 
were calculated from the mobility of concurrently run standard 
proteins. (A) Human platelets. (B) HEL cells. (C) K562 cells 
grown in the presence of 10 * mmol/L PMA for 48 hours: 1, 
immunoprecipitation using anti-Gplib IgG; 2. immunoprecipitation 
using anti-Gplila IgG. 


not express a protein antigenically similar to platelet GpIb. 
They also suggest that GpIIla does not exist in a complex in 
PMA-stimulated K562 cells. 

Last, to compare the antigenic reactivity of HEL and 
K562 GpIIb and Gpllla antigens with their platelet counter- 
parts, we incubated cells from each line with a panel of 
murine antihuman platelet Gpllb and Gpllla monoclonal 
antibodies. Although these antibodies react readily with 
platelets, they do not react with lymphocytes, monocytes, or 
neutrophils (data not shown). The cells were then incubated 
with fluorescein-conjugated antimurine IgG F(ab’), and 
examined with a fluorescent cell analyzer. The majority of 
HEL cells exhibited fluorescence after incubation with mon- 
oclonal antibodies against human platelet Gpllb, Gpllla, 
and the GpIIb/IIla complex (Table 1). In contrast, K562 
cells only exhibited background fluorescence when incubated 
with the same antibodies. However, after these cells were 
exposed to 10°* mol/L PMA, the majority exhibited fluores- 
cence after incubation with the anti-Gpllla monoclonal 
antibody A6. A small increment in fluorescence was also 
seen when the PMA-stimulated K562 cells were incubated 
with monoclonals against Gpllb and the GpIlb/IIla com- 
plex. However, this increment was the result of an increase in 
background fluorescence that followed cell stimulation with 
PMA, consistent with our inability to detect GpIb synthesis 
in K562 cells by immunoblotting or immunoprecipitation. 

In vitro synthesis of Gpllb and Gpllla by using RNA 
from HEL cells. Purified HEL RNA was translated in 
vitro by using a rabbit reticulocyte lysate translation system 
in the presence of [*°S]methionine. Newly synthesized poly- 
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Table 1. Binding of Antihuman Platelet Monoclonal Antibodies 
to Human Platelets and to the Human Leukemic 


Cell Lines HEL and K562 
Percent 
Percent Percent Binding to 

Binding to Binding to K562 Cells [4] 
Antibody Specificity Platelets HEL Cells [6] (no PMA/PMA) 
P3 x 63 Nonimmune 0.1 3 2/4 
A6 Illa 97.1 57 4/68 
A2A9 lib-illa 75.3 61 5/10 
B185 llb 81.7 42 2/11 
Tab llb — — 4/6 


K562 cells were grown for 48 hours in the presence or absence of 
10`" mol/L PMA. These cells and HEL cells were incubated for 30 
minutes at 4°C with a panel of antihuman platelet monoclonal antibodies 
as described under Methods. The cells were then washed and incubated 
for 30 minutes at 4°C with a 1/40 dilution of atfinity-purified fluorescein 
isothiocyanate-conjugated goat (Fab’), antimurine IgG before they were 
studied in a fluorescence cell analyzer. Fluorescence thresholds for 
Positivity were adjusted by using the antibody P3x63 as a negative 
control. Percent binding indicates the percentage of the analyzed cells 
whose fluorescence was greater than the threshold. The number in 
brackets indicates the number of experiments. The data are mean 
values. 


peptides containing GplIb and Gpllla antigens were identi- 
fied by immunoprecipitation using monospecific rabbit IgG. 
Following the translation of 6.2 ug of HEL RNA, anti-GplIb 
IgG immunoprecipitated a single ‘S-labeled polypeptide 
with an M, of approximately 110,000 (Fig 3). The immuno- 
precipitation was specific for a Gpllb precursor because it 
was inhibited by preincubating the IgG with purified platelet 
Gpllb. Likewise, following translation of 25 ug of HEL 
RNA, anti-Gpllla IgG immunoprecipitated a labeled poly- 
peptide with an M, of approximately 92,000. Preincubation 
of the anti-Gpllla IgG with purified platelet Gpllla also 
inhibited this immunoprecipitation. Thus, HEL cell RNA 
directed the synthesis of distinct precursors for GpIb and 
Gpllla. Because no processing of polypeptides occurs in our 
in vitro translation system and because in eukaryotes each 
species of cellular mRNA codes for a single polypeptide, our 
results indicate that the synthesis of GplIb and Gpllla is 
directed by separate mRNAs. 

In vitro synthesis of Gpllla by using RNA from K562 
cells. The K562 RNA in vitro translation products were 
examined by immunoblotting by using rabbit polyclonal 
anti-Gpllb and anti-Gpllla antisera and '**I-labeled staphy- 
lococeal protein A (Fig 4). Anti-Gpllla antiserum identified 
a single 92,000-M, polypeptide whose synthesis was directed 
by RNA from PMA-stimulated cells. The mobility of this 
polypeptide was the same as the HEL polypeptide immuno- 
precipitated with anti-Gpllla IgG. A faint band with the 
same mobility was also seen in the translation directed by 
RNA from non—-PMA-stimulated cells, but no bands were 
present when water or globin mRNA was substituted for 
K562 RNA. Likewise, no polypeptides reacting with anti- 
GpllIb antiserum were detected in these translations (data 
not shown). Thus, PMA-stimulated K562 cells express a 
gene for Gpllla. If the gene for GplIb is also expressed, then 
its level of expression is below our limits of detection. 
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Fig 3. In vitro translation of Gpllb and Gplila using RNA from 
HEL cells. HEL cell RNA was purified and translated in vitro in the 
presence of [S]methionine by using a rabbit reticulocyte lysate 
translation system. Newly synthesized Gpllb and Gplilla were 
identified by immunoprecipitation by using rabbit anti-ilb and 
anti-illa IgG. The specificity of the immunoprecipitations was 
tested by preincubating the IgG with 5 to 10 ug of either purified 
platelet Gpllb or Gplila. In the experiment shown, translation of 6.2 
ug of total cell RNA was required to detect Gpllb, whereas the 
detection of Gpilla required the translation of 25 ug of RNA, This 
figure is an autofluorogram of a 0.1% SDS-7.5% polyacrylamide 
gel of the immunoprecipitates. (A) Immunoprecipitation in the 
absence of purified platelet protein. (B) Immunoprecipitation in 
the presence of purified platelet protein. 


DISCUSSION 


The platelet membrane glycoproteins IIb and Ila form a 
heterodimer complex that is of critical important for normal 
platelet function because it is the platelet surface structure 
that mediates platelet aggregation.'* Evidence is also accu- 
mulating that platelet GpIIb and Gpllla are members of a 
family of adhesive protein receptors. Proteins antigenically 
and structurally related to platelet GplIb and Gpllla have 
been found on endothelial cells,”'*? and complexes similar to 
GplIb-IIla are present on myeloid and lymphoid cells.2? For 
example, the OKM antigen found on myeloid cells and the 
LFA-1 antigen found on lymphoid and myeloid cells are both 
noncovalent heterodimers containing a common 94,000-M, 
glycoprotein complexed with either a 155,000- or a 177,000- 
M, glycoprotein.” Both OKM1 and LFA-1 are involved in 
the adherence of effector cells to target cells. Recently, 
Cosgrove et al isolated a single clone from a human genomic 
library that when expressed produced antigens found on the 
large subunits of OKMI and LFA-I and on Gpllb.* 
Although the large subunits of OKM1, LFA-1, and Gpllb- 
IIIa are distinct glycoproteins, these data suggest that the 
proteins contain common amino acid sequences that have 
been conserved for cellular adhesive functions. Burns et al 
have directly implicated the GplIb-Illa complex in leuko- 
cyte adhesion.” They produced a monoclonal antibody 
against lymphocytes that not only modified leukocyte func- 
tion but also inhibited platelet aggregation and immunopre- 
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Fig 4. In vitro translation of Gpliila using RNA from K562 celis. 
RNA was isolated from K562 celis and translated in vitro as 
described in Fig 3 except that the translation was performed with 
unlabeled methionine. The translation products were subjected to 
SDS-polyacrylamide gel electrophoresis as described in Fig 3 and 
examined by immunoblotting as described in Fig 1. Monospecific 
rabbit anti-Gplila igG and ‘I-labeled staphylococcal protein A 
were used in these blots. (A. B) control translations in which 
water and globin mRNA were substituted for K562 RNA, respec- 
tively. (C) Translation directed by RNA from K562 celis exposed 
to PMA for 48 hours. {D} Translation directed by RNA from K562 
cells grown for 48 hours in the absence of PMA. 


cipitated the platelet GpHb-Hla complex. On the other 
hand, it is unlikely that there is complete identity between 
platelet GpIb and Gpllla and their leukocyte counterparts 
because none of our panel of anti-GpIlb and anti-Gpllla 
monoclonal antibodies reacts with lymphocytes, monocytes, 
or neutrophils (data not shown). 

Reports that the function of several adhesive protein 
receptors can be inhibited by peptides containing the amino 
acid sequence Arg-Gly-Asp-Ser strengthens the concept for 
a family of adhesion protein receptors.” These receptors 
include the platelet GplIb-HHa complex”? and the vitronec- 
tin and fibronectin receptors found on fibroblasts, MG-63 
osteosarcoma cells, and human placenta.’**? Moreover, the 
vitronectin receptor is a heterodimer whose subunits behave 
like GpHb-IHa on unreduced and reduced SDS-gels.* In 
contrast, the mammalian fibronectin receptor appears as a 
single 140,000-M, glycoprotein on reduced gels and as a 
140,000/120,000-M, heterodimer on unreduced gels.” In 
addition, although platelet GplHb-Hla appears to be capable 
of interacting with fibrinogen, fibronectin, and vitronectin, 
the vitronectin and fibronectin receptors interact solely with 
their respective ligands, which suggests that important struc- 
tural difference may exist among the members of the adhe- 
sive protein receptor family.** 

In order to examine the possibility of homology between 
platelet GplIb-Ha and adhesive protein receptors on other 
cells and to determine whether the synthesis of GplIb and 
Gpllla is under coordinate control, we have searched for 
cells containing Gplib and Gpllla other than megakaryo- 
cytes. Although megakaryocytes would seem to be the appro- 
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priate cells for our studies, their paucity in bone marrow 
specimens precludes their use. In confirmation of previous 
reports''? we found the antigens for several antihuman 
platelet Gplfb and Gpllla monoclonal antibodies on HEL 
cells and an antigen for platelet Gpllla, but not for platelet 
Gplib, on PMA-treated K562 cells. In addition, using poly- 
clonal antihuman platelet GpIb and Gpllla IgG, we found 
that the structures containing these antigens were similar in 
molecular weight and subunit composition to the correspond- 
ing platelet proteins. Thus, HEL cells and PMA-treated 
K562 cells appear to represent readily available resources for 
study of Gplib and Gpllla synthesis. 

As a first step in our studies, we isolated RNA from the 
HEL cells and from unstimulated and PMA-stimulated 
K562 cells and translated the RNA in vitro. HEL RNA 
directed the synthesis of distinct precursors for both GplIb 
and Gpllla, which indicates that the synthesis of each is 
directed by separate species of mRNA. Thus, Gplib and 
Gpllla do not arise from the posttranslation cleavage of a 
common precursor. Bray et al have also reported that Gplib 
and Gpllla synthesis by HEL cells is directed by separate 
mRNAs.” In addition, their results suggest that Gpllb and 
Gpllla are processed before delivery to the plasma mem- 
brane. Confirming their results, we found that the apparent 
molecular weights of the HEL Gpllb and Gpllla precursors 
translated in vitro are consistent with the expected molecular 
weights of the reduced, nonglycosylated platelet species. 
Human platelet GPHb and GPHla contain 14% and 16% 
carbohydrate, respectively. Thus, the estimated molecular 
weight of nonglycosylated platelet GPIIb containing both a 
and 8 chains is 116,000,’ close to the value for the HEL 
GPllb precursor we translated in vitro. A similar estimate 
for reduced, nonglycosylated platelet GplIfa is 91,000, again 
close to the molecular weight of the HEL GpHla precursor. 

RNA from PMA-stimulated K562 cells directed the syn- 
thesis for a GpH la precursor that was very similar in size and 
antigenicity to the HEL Gpllla precursor. On the other 
hand, in spite of data that most adhesive protein receptors 
exist as heterodimers, we did not detect a protein containing 
GplIb antigens on PMA-stimulated K562 cells, nor could we 
translate a GplIb precursor in vitro using K562 RNA. It is 
possible that K562 cells produce a protein antigenically 
unrelated to Gpllb that forms a heterodimer with Gpllla. 
However, if such a protein is present it would seem to be 
substantially different from both platelet and HEL Gpllb. 

The simplest explanation for the presence of separate 
mRNAs for GpIb and Gpllfa in HEL cells is that each 
glycoprotein is coded by a separate gene. The dissociation of 
Gpilb from Gpllla expression in PMA-stimulated K562 
cells is consistent with this explanation. Consequently, it may 
be necessary to postulate either linked abnormalities in the 
transcription of the genes for Gplib and Gpllla or linked 
abnormalities in the postsynthetic processing of the GpHb 
and Gpllla precursors to explain the glycoprotein abnormal- 
ities in thrombasthenia. Alternative splicing of a single 
immature MRNA” or the presence of several initiation 
codons within a single cellular mRNA could explain our 
results and the observations in thrombasthenia. However, the 
absence of any structural or antigenic relationship between 
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Gpllb and GpIIla makes the former possibility unlikely, and 
the latter situation has only been rarely observed in eukary- 
otes. Because Gpllla seems to exist in the K562 cell 
membrane with little or no GplIb, it appears that Gpllla 
synthesis does not require concominant synthesis of Gplib, 
and it seems unlikely that an abnormality in GpIb synthesis 
or processing alone could account for thrombasthenia. Our 
results do not preclude a primary abnormality in Gplla 
synthesis as the explanation for thrombasthenia. However, a 
thrombasthenic whose platelets have a GplIb-IIla pattern 
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similar to that of PMA-stimulated K562 cells has not been 
described. Direct examination of the genes coding for Gpllb 
and Gpllla will be necessary to explain the protein abnor- 
malities in thrombasthenia. 
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Immunochemical Characterization of Fibrinogen, Fibrin I, and Fibrin [I in 
Human Thrombi and Atherosclerotic Lesions 


By Alessandra Bini, John Fenoglio Jr, Joan Sobel, John Owen, Marcela Fejgl, and Karen L. Kaplan 


Arterial thrombi and atherosclerotic lesions were analyzed 
immunochemically and examined histologically. The extent 
of in vivo proteolytic cleavage of the amino-terminal end of 
fibrinogen by thrombin and plasmin was determined and 
quantitated by specific radioimmunoassays. The samples 
were treated with cyanogen bromide (CNBr), and the total 
amount of fibrinogen and fibrin-derived protein was deter- 
mined as NDSK, the NH,-terminal disulfide knot of fibrino- 
gen. Thrombin-releasable fibrinopeptides A and B were 
used to quantitate fibrinogen and fibrin I. Previous plasmin 
cleavage of the B@ chain was inferred from the amount of 
B8 1-42 and BG15-42 in undigested NDSK. The results 
obtained in both acute and organized thrombi indicate that 


EVERAL in vitro studies have defined the biochemical 
structure of fibrin in vitro.’* Little information is 
available on the composition of human thrombi and athero- 
sclerotic plaques with respect to the content of fibrinogen and 
resulting fibrin products. 

Previous studies on thrombi recovered from patients have 
been devoted to the carboxy-terminal end of the fibrinogen 
molecule and have shown fibrin with a high degree of a and y 
chain crosslinking.** Recently, Francis and colleagues’ dem- 
onstrated that the degree of fibrin degradation in thrombi 
increases progressively with the age of the thrombus and it is 
more prominent in the deeper layers of chronic thrombi. 

The association between thrombus formation and athero- 
sclerotic lesions has long been recognized.’ The presence of 
fibrinogen and fibrin-related antigens in normal aortas and 
atherosclerotic plaques has been shown by immunofluores- 
cence and electron microscopy by several investigators." 
Smith and colleagues’? documented that fibrinogen and 
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~60% of the total protein (as determined by amino acid 
analysis) was fibrinogen-derived and that 70% to 80% of 
the fibrinogen-derived material was fibrin ll. These findings 
support the hypothesis that fibrin Il as distinct from fibrin | 
is the predominant component in a thrombus. In samples 
from normal and atherosclerotic aortas, fibrinogen-derived 
protein comprised < 10% of the total protein. Samples from 
grossly normal aortas contained only fibrinogen and fibrin |. 
Fibrinogen concentration decreased and fibrin II concentra- 
tion increased with increasing severity of the lesions, 
suggesting that increased fibrin fl formation is associated 
with progression of atheromas. 

©1987 by Grune & Stratton, inc. 


fibrin in soft gelatinous human aortic intimal thickenings 
and cholesterol-rich advanced plaques were, respectively, 
four and ten times more concentrated than in normal 
vessels. 

Shainoff and Page’* reported that atherosclerotic plaques 
contained crosslinked fibrinogen, based on their estimates of 
fibrinopeptide content and on insolubility in 5 mol/L of urea. 
In normal aortas and in aortas with atherosclerotic lesions, 
York and Benjamin" found a correlation between the con- 
tent of fragment D antigen and the severity of the atherascle- 
rotic lesion. No correlation was found with the fibrinogen 
content of plaques. 

Nossel postulated that thrombi should consis: mainly of 
fibrin H*?* and, in a study of postcraniotomy venous throm- 
bosis,'’ the patients who developed venous thrombosis 
showed evidence of an imbalance of thrombin and plasmin 
action that would favor fibrin If formation. 

We therefore studied the biochemical composition of the 
amino-terminal ends of fibrinogen and fibrin in thrombi and 
atherosclerotic lesions with respect to proteolysis by throm- 
bin and plasmin. Using specific radioimmuncassays, we 
determined the relative amounts of fibrinogen, fibrin I, fibrin 
Ii, and fragment X,'*” and compared the data obtained on 
thrombi with results in normal and atherosclerotic arterial 
intima. 


MATERIALS AND METHODS 


Preparation of fibrin in vitro. Platelet-poor plasma was pre- 
pared from blood collected into to vol of an anticoagulant solution 
consisting of 3.8% trisodium citrate, 100 KIU/mL of apretinin 
(Trasylol, Mobay Chemical, FBA, New York), 10 mg/mL soybean 
trypsin inhibitor (Worthington Biochemical, Freehold, NJ), with or 
without 80 U/mL of heparin (Heparin sodium, Hynson Westcott 
and Dunniag, Baltimore), and separated by centrifugation for 20 
minutes at 1,700 g at 4°C in a Sorvall RC-2 centrifuge (Newton, 
CN). 





“Definition of terms: fibrin I, formed from fibrinogen by cleavage 
of Aal6-17; fibrin H, formed from fibrinogen by cleavage of both 
Aa!6-17 and B814-15: NDSK, amino terminal CNBr fragment of 
fibrinogen; fragment X, formed by plasmin cleavage of the Bf42-43 
bond and @-chain bonds of fibrinogen, fibrin I, or fibrin IE (includes 
fragments Y and E as calculated in this study). 
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FIBRIN IN HUMAN THROMBI AND PLAQUES 


Fibrinogen concentration was measured in citrated plasma as 
described by Ellis and Stransky” and by the clot weight method.” 
Plasma obtained from the heparin-containing anticoagulant mixture 
was clotted overnight at 37°C with batroxobin 1 mg/mL of plasma 
(Reptilase-R, Abbott Laboratories, North Chicago). Crosslinked 
fibrin was prepared by adding 1.0 National Institutes of Health 
(NIH) U of human a-thrombin (3.7 x 10° NIH U/mg) (prepared 
by Dr J. Fenton and kindly given to us by Dr G. Murano, Bethesda, 
MD) and 10 uL of a 2.5 mol/L of calcium chloride solution per 
milliliter of citrated plasma (final concentration 0.025 mol/L of 
CaCl,), followed by overnight incubation at 37°C. The clots were 
removed by winding them on a wooden stick; they were rinsed three 
times for 15 minutes in distilled water, cut longitudinally with a 
scalpel, stirred for 1 hour in 70% vol/vol of formic acid, and 
incubated with 300-fold molar excess cyanogen bromide 
(CNBr),”” for 20 to 24 hours with continuous stirring. The 
CNBr-treated clots were then diluted 1:11 with distilled water, 
lyophilized twice, resuspended in 10% NH, OH (vol/vol) containing 
0.01% Tween 20 (vol/vol), and the pH was adjusted to 8 to 8.5 with 
HCI. Samples were stored at ~ 70°C until assayed. 

Sample collection. Thrombi and tissue samples were collected 
at surgery and at autopsy under a protocol approved by the Institu- 


Tabie 1. Clinical Data of Patients From Whom Samples Were Obtained 
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tional Review Board of the Columbia Presbyterian Medical Center. 
Specimens collected at surgery were placed, immediately on exci- 
sion, into sterile 50-mL tubes filled with 0.1 mol/L of NaCl, 0.05 
mol/L of Tris pH 7.4 containing 100 KIU/mL of aprotinin and 1.0 
mmol/L of benzamidine (Benzamidine hydrochloride hydrate, 
Aldrich Chemical, Milwaukee). They were rinsed in three changes 
of the same buffer within 2 hours of resection. Samples collected at 
autopsy 6 to 24 hours postmortem were rinsed carefully in the same 
buffer. Aortas were incised with a scalpel, and the intima was 
directly separated from the media and the adventitia. The samples 
were then divided into grossly homogenous parts, and areas of 
atherosclerotic aortas were collected with paired normal adjacent 
areas. Each specimen was individually placed in preweighed silicon- 
ized glass vials and frozen and stored at ~70°C until processed. 
Prior to freezing, a portion of each sample was cut and fixed in 10% 
neutral buffered formaldehyde for histologic examination. 

The specimens for histology were paraffin embedded, and 8-um 
sections were cut from the blocks and stained with hematoxylin- 
phloxine-saffran and Masson's trichrome. The stain allows distinc- 
tion between cells, nuclei, “fibrin,” and collagen. The samples were 
classified as acute or organized thrombi or fibrous, fatty, or compli- 
cated plaques according to standard histological criteria (Table 1). 











No. Age Sex Disease Procedure Histology of Specimen 
Surgical specimens 
1 55 M Atherosclerosis, thrombosis left Endarterectomy Acute thrombus 
popliteal artery 
2 73 M R superior Embolectomy Acute thromboembolus from atheromatous 
plaque in abdominal aortic aneurysm 
3 84 M R common iliac artery aneurysm Repair aneurysm A: Complicated atherosclerotic plaque 
B: Complicated atherosclerotic plaque 
8 74 M Abdominal aortic aneurysm Aneurysmectomy Organizing thrombus 
9 88 M Abdominal aortic aneurysm Aneurysmectomy A: Organized thrombus 
B: Acute thrombus 
C: Organizing thrombus 
41 93 F Peripheral vascular disease Popliteal endar- A: Fatty atherosclerotic plaque 
terectomy B: Acute thombus 
12 52 M Atherosclerosis, abdominal aneu- Repair aneurysm Organized thrombus 
rysm 
13 62 M R carotid stenosis Endoarterectomy Complicated atherosclerotic plaque 
14 62 M Thrombosed A-V fistula Thrombectomy Acute thrombus 
15 75 M Abdominal aortic aneurysm Aneurysmectomy A: Organized thrombus 
B: Organized thrombus 
16 49 M Mitral stenosis Mitral valve com- A: Acute thrombus 
missurotomy 
18 §3 M Left ventricular aneurism with Aneurysmectomy Organized thrombus 


mural thrombus formation 
Autopsy specimens 


4 60 F Myocardial infarction 

5 64 F Myocardial infarction 

6 82 M Myocardial infarction 
17 65 F Cirrhosis, sepsis 


: Fibrous atherosclerotic plaque 
: Normal aorta 

: Fatty atherosclerotic plaque 
Fatty atherosclerotic plaque 

: Fibrous atherosclerotic plaque 
Norma! aorta 

: Fibrous atherosclerotic plaque 
Normal aorta 

: Fibrous atherosclerotic plaque 
: Fatty atherosclerotic plaque 

: Fatty atherosclerotic plaque 


CODPArDrPOM>D 





Definitions: Acute thrombus, fibrin clot with discernible lines of Zahn; organizing thrombus, partial replacement of fibrin clot by granulation tissue; 
organized thrombus, total replacement of fibrin clot by maturing granulation tissue; fibrous plaque, focal intimal accumulation of collagen and 
fibroblasts’: fatty plaque, focal intimal accumulation of “foam cells,” collagen, and cholesterol crystals; complicated plaque, focal accumulation of 
foam cells, collagen, and cholesterol crystals extending into the media and associated with calcification. 
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Sample processing. The tissue samples were freeze-dried in 
siliconized glass vials and dry-weighed. They were then homoge- 
nized in distilled water (10 to 100 mg sample per milliliter of 
distilled water}. If the dry weight was >100 mg, samples were 
initially roughly homogenized on a melting ice bath with a Polytron 
(Brinkmann Instruments, Westbury, NY). All samples were finely 
homogenized at 4°C in a glass homogenizer (Arthur H. Thomas 
Scientific Apparatus, Philadelphia), kindly made available by Dr S. 
DiMauro, Department of Neurology, Columbia University. The 
homogenate was then diluted 1:5 with 90% formic acid and treated 
with cyanogen bromide as described above. The amount of CNBr 
added to the tissue samples was five times the dry weight of the 
sample. Amino acid analysis performed in a preliminary experiment 
demonstrated that ~50% of the dry weight was protein. This amount 
of CNBr corresponds to the 300-fold molar excess used for CNBr 
digestion of fibrin prepared in vitro. 

The precipitates present in two samples were extracted a second 
time with formic acid and CNBr to determine whether residual 
NDSK antigen was present. The results are shown in Table 2. 
NDSK antigen was assayed on the initial extract and on the extract 
from the repeated CNBr treatment of the precipitate that remained 
after the first extraction. The recovery of fibrinogen-related material 
in the first extract was 95% from the intima sample and >99% from 
the organized thrombus. Therefore, all samples in which a precipi- 
tate was present after the first extraction were centrifuged at 12,300 
g for 30 minutes, and assays for fibrinogen-related antigens were 
performed on the supernate. 

Radioimmunoassays. DSK, native fibrinopeptide A (FPA) 
and fibrinopeptide B (FPB), and B8 1-42 were prepared as previ- 
ously described”?! Tyrosinated FPA was from Schwarz/Mann, 
Becton Dickinson, Orangeburg. NY. Tyrosinated FPB was prepared 
by G. Wilner.’ Antiserum to NDSK was lot QT8”; to FPA it was lot 
R2,° to FPB it was lot R28," and to BB1-42 it was lot 142-3." 
The B@15-42 assay kit was purchased from IMCO (MICO USA, 
New York). 

All fragments were labeled by the method of Hunter and Green- 
wood.” Sodium iodide -'*1 (1 to 2 mCi) was obtained from New 
England Nuclear (Boston). After iodination, NDSK was passed over 
Sephadex G-100, and the other peptides and fragments were passed 
over Sephadex G-10 (Pharmacia Fine Chemicals, Piscataway, NJ). 
NDSK was assayed with a slightly different technique from that 
previously described.” The test was performed in 12 x 75-mm 
polypropylene tubes (Sarstedt, Princeton, NJ). Both tracer and 
antic NDSK antibody were diluted in 0.15 mol/L of Tris-NaCl pH 
8.5 containing 1% bovine serum albumin (wt/vol) (Pentex Fraction 
V, lot 19, Miles Laboratories, Elkhart, IN), to (vol/vol) final 
concentration normal rabbit serum (Rabbit Whole Serum lot 23008, 
Cappel Scientific, Malvern, PA) and 0.01% NaN, (wt/vol). After 
overnight incubation at 4°C, goat anti-rabbit IgG antiserum (lot 
0050, Miles Scientific, Naperville, IL) was added at ‘Ao dilution in 
Tris-NaCl containing 1% bovine serum albumin (BSA) and 2% 
polyethylene glycol (wt/vol) (PEG 8000, J.T. Baker Chemical, 
Phillipsburg, NJ). The samples were incubated for 2 hours at 4°C, 
and the bound antigen was separated by centrifugation, as previously 


Table 2. Recovery of Fibrinogen-Related Materia! 
by CNBr Extraction 





NDSK (pmoi/mL} 








First Repeat Recovery in First 
Sample Extraction Extraction Extraction (%) 
Fibrous plaque 50 2.5 95 
Organized thrombus 28,180 7.0 >99 





NDSK, NH,-terminal disulfide knot of fibrinogen; CNBr, cyanogen 
bromide. 


BINI ET AL 


described. Radioimmunoassays for FPA,” FPB? B81-42," and 
B815-42* were performed by our published double-antibody tech- 
nique, substituting first antibody, tracer, standard, and second 
antibody as appropriate.” 

The assay buffer for all of these assays is 0.15 mol/L of Tris-NaCl 
pH 8.0 containing 1.0% PEG 8000, heparin (0.7 U/mL), 0.01% 
Tween 20, and 0.01% NaN,. The bound antigen was separated by 
centrifugation at 1,700 g for 20 minutes, the supernate was 
aspirated, and the precipitate was counted for 1 minute with an LKB 
1270 Rackgamma HH, (LKB Instruments, Rockville, MD). 

Calculation of fibrinogen-derived material. The radioimmu- 
noassays applied to identify and quantitate the fibrinogen NH,- 
terminal antigens present in the CNBr-treated samples are shown in 
Table 3. 

The radioimmunoassay (RIA) for NDSK detects fibrinogen and 
fibrin quantitatively. Experiments were made to characterize the 
anti-NDSK antiserum used. Comparable immunoreactivity was 
observed in the following preparations: NDSK, thrombin-treated 
NDSK,” plasmin-treated NDSK, reduced and alkylated NDSK, 
and CNBr-degraded fibrinogen derived from early (5 to 26 min- 
utes), and late (60 minutes and overnight) plasmin digests. Non- 
CNBr-treated fragment E is 30 times less reactive than the other 
preparations.” The NDSK assay accurately measured all fibrinogen 
and fibrin-related material in the samples, however, since all samples 
were treated with CNBr before assay. 

The REA for fibrinopeptide A measures only the free pep- 
tide.*"?? Thus, the fibrinopeptide A released by thrombin treat- 
ment of the samples provides a measure of residual fibrinogen, The 
FPB RIA similarly measures only the free peptide. Fibrinopeptide B 
released by thrombin treatment thus gives the sum of the fibrinogen 
and fibrin I in the samples examined. 

In the B31-42 RIA, the antibody used requires an intact BAI4-15 
peptide bond, and it recognizes the B3!-42 fragment either as a free 
peptide or within fibrinogen or NDSK. It is therefore a measure of 
both fibrinogen and fibrin 1, but not of fibrin H or fragment X, which 
lack FPB or B81-42, respectively. 

The antibody used in the BS15-42 RIA crossreacts completely 
with all the B@15-42-containing fragments derived from CNBr 
treatment. Therefore, B815-42 provides a measure of fibrinogen, 
fibrin I, and fibrin HH, but not of fragment X. 

The total fibrinogen-derived material and the proportions of 
fibrinogen. fibrin I, fibrin H, and fragment X in samples can be 
calculated from these data using the formulae shown in Table 4. 

The molar amount of NDSK represents fibrinogen plus fibrin I, 
fibrin H, and fragment X. The percentage of intact fibrinogen is 
calculated as the difference in FPA immunoreactivity before and 
after thrombin treatment. Because measurement of either releasable 
FPB or of B81-42 provides an index of fibrin I, the mean of these two 


Table 3. Radioimmunoassays Applied to Study Proteolysis of 
NH,-Terminal End of Fibrinogen by Thrombin and Plasmin 











NOSK 
Secondary Digestion Derived 
Assay for Antigen After of CNBr Digest by Reflects from 
NDSK — Total 
Fibrinopeptide A Thrombin Fibrinogen 
Fibrinopeptide B Thrombin Fibrinogen 
Fibrin | 
BB 1-420 me Fibrinogen 
Fibrin | 
BS 15-42 -= Fibrinogen 
Fibrin | 
Fibrin tl 








Abbreviations as in Table 2. 
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Table 4. Summary of Calculations of Percentage of Fibrinogen, 
Fibrin |, and Fibrin H in NDSK 


Fibrinogen = FPA*/2 NDSK+ x 100 

Fibrin | = [(FPB + 881-42)/2 — FPA]/2 NDSK x 100 

Fibrin H = (B8 15-42 — [(FPB + 881-42)/2]}/2 NDSK x 100 

Fragment X = (2 NDSK/2 NDSK x 100) — (B815-42/2 NDSK x 
100} 








Abbreviations as in Table 2. 

*FPA and FPB represent the total amount of fibrinopeptides measured 
after incubation with thrombin, from which the value obtained before 
thrombin treatment was subtracted. 

tNDSK measured by radioimmunoassay represents 100% of the 
fibrinogen-related material in each sample. Because 1 mol of NDSK 
contains 2 mol of each of the fibrinopeptides, the amount of NDSK is 
multiplied by a factor of 2 in the above formulae. 


measurements minus the previously calculated value for intact 
fibrinogen is used to calculate the percentage of fibrin | more 
accurately than does a measurement based only on fibrinopeptide B 
release from NDSK.** Fibrin H lacks both fibrinopeptides but 
contains the B@15-42 fragment. It is therefore calculated by sub- 
tracting the molar amount of B81-14 containing molecules from the 
total B815-42 immunoreactivity. 

Because fragment X arises by cleavage of the B842-43 bond, with 
loss of B815-42, the percentage of fragment X in the samples can be 
calculated by subtracting the percentage of B815-42 from the 
percentage of total NDSK. 

Amino acid analysis. The analyses were performed with a 
Beckman automatic amino acid analyzer model 121 MB (Beckman 
Instruments, Fullerton, CA), following acid hydrolysis under a 
vacuum (6 N HCI for 24 hours at 110°C). All chemicals were of 
reagent grade and were purchased from Fisher Scientific, Spring- 
field, NJ. 

Statistical analysis. The statistical significance of variation of 
the content of fibrinopeptides in the thrombi and atherosclerotic 
plaques was tested by one-way analysis of variance. In the analysis of 
variance, a variance is computed from the within-group variation, 
and the statistical significance of the between-group variation is 
tested by comparing the ratio of the between-group to within-group 
variations to the appropriate F value in a table. The Bonferroni 
procedure was used to control the significance level for multiple 
comparisons, ie, the significance levels .05 and .01 were divided by 
the number of comparisons, which was three.” 


RESULTS 


Validation of methods. The amounts of each peptide 
expected to be present in the batroxobin and thrombin clots 
formed in vitro are shown in Table 5(A). In the case of the 
clot formed with thrombin, all FPA and FPB would be 
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expected to be cleaved. For the batroxobin clot, only FPA 
would be removed and the amino terminus of the BS chain 
should be intact. Because each molecule of fibrinogen con- 
tains two Aa and B@ chains, the expected molar amounts of 
the amino terminal peptides are double that of NDSK. The 
recovery of these peptides was >85% in each case, and was 
>90% for NDSK. When these data were treated as though 
these samples were unknowns, the calculated compositions 
given in Table 5(B) were obtained. These results show the 
expected predominance of fibrin I in the batroxobin clot and 
fibrin IH in the thrombin clot. 

Tissue samples. The samples examined and the surgical 
procedures from which they were obtained are shown in 
Table 1. The samples were classified histologically as acute 
or organized thrombi; fibrous, fatty, or complicated athero- 
matous plaques; or “normal” aortas. 

Table 6 shows the fibrinopeptide content of the thrombi 
examined. The fibrinogen-related material determined 
immunologically as NDSK comprised 50% to 70% of the 
total protein as measured by amino acid analysis. In both 
acute and organized thrombi, the FPA content indicates that 
<2% of the NDSK was fibrinogen. The amount of releasable 
FPB in both groups was <5% of the NDSK, indicating that 
>95% of the BB1-14 peptide had been cleaved. Because 87% 
and 79% of the B315-42 was present, the BG1-14 was cleaved 
by thrombin, leading to fibrin II formation, rather than by 
plasmin as B81-42. No significant differences in the content 
of B81-42 and BG15-42 or of releasable FPA and FPB were 
found when acute thrombi were compared with organized 
thrombi, indicating that they were biochemically similar at 
the NH,-terminus. 

Analysis of the aortic samples (Table 7) showed that 
<10% of the total protein was fibrinogen derived, ie, a 10- to 
25-fold lower fibrinogen-related protein content than throm- 
bi. The samples of normal aorta contained amounts of 
fibrinogen-related protein similar to those in the various 
types of plaques. In the samples of normal aorta, 79% of the 
fibrinogen Aa chains were intact. The amount of intact 
Aa-chain decreased from normal to fatty, from fatty to 
fibrous, and from fibrous to complicated plaques, suggesting 
an increase in Aa-chain proteolysis. The FPA content of 
complicated plaques was significantly less than that of 
normal aorta {P < .01), fatty plaques {P < .0!), and fibrous 
plaques (P < .01). No significant differences in FPA content 
existed between normal aortas and either fatty or fibrous 
plaques or between fatty and fibrous plaques. The amount of 


Table 5. Content and Composition of Fibrinogen-Related Material in In Vitro Clots 























A B 
Content by Radioimmunoassay Caiculated Composition 
FPA fbi i a 
NDSK {umol} FPB BB 1-42 BB 15-42 Fg (%) Fb Frag X 
Batroxobin i 
Observed 7.2 0.15 12.4 13.3 13.5 1.0 88 5 6 
Expected 7,35 0 14.7 14.7 14.7 0 100 o o 
Thrombin 
Observed 6.5 0.13 0.13 0.40 13.2 1.0 1.8 90 8 
Expected 7.35 o o ie] 14.7 o 0 100 Q 





Fibrinogen (Fg), Fibrin I (Fbl), Fibrin Il (Fbli), Fragment X (Frag X), other abbreviations as in Table 2. 
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Table 6. Fibrinopeptide Content of Thrombi 
; NDSK (%} Antigen® o > 
Sample Total Protein FPA FPB B8 1-42 BU 15-42 
Acute (6) 50 + 13 1.3 + 0.3 2.5 + 0.7 44i n 87 +8 
Organized {6} 68 +5 0.6 + 0.2 1.6 +04 2.9 +09 


79271 





Abbreviations as in Table 2. 


“Expressed as percentage of total NDSK (mean + SEM). No significant difference between acute and organized thrambi was found for any of the 


peptides. 


intact BG-chain in the normal aortas was 91% (mean of FPB 
and BS1-42) and was not significantly different in the fatty 
plaques, whereas fibrous plaques showed a significant 
increase of Bø1-14 cleavage as compared with both fatty 
plaques and normal aortas (P < .01). Residual FPB in the 
complicated plaques represented only 5% of the theoretical 
maximum content and was significantly less than the FPB in 
the other groups (P < .01 for each), indicating that virtually 
all the fibrinogen was fibrin IH or fragment X. No significant 
differences in the content of B@15-42 were detected between 
any of the aortic samples. The mean recovery of B815-42 was 
73% to 92% of the theoretical amount, based on the NDSK, 
again indicating that the major loss of B31-14 was due to 
thrombin action at the B814-15 bond rather than to plasmin 
action at the BS42-43 bond. A summary of the data 
expressed as percentages of fibrinogen, fibrin I, fibrin H, and 
fragment X in the NDSK (calculated as in Table 4) is shown 
in Fig 1. 

Fibrin H and fragment X together represent >95% of the 
total fibrinogen-related protein in both acute and organized 
thrombi. Acute thrombi had a slightly higher proportion of 
fibrin H than did organized thrombi, whereas organized 
thrombi had a higher proportion of fragment X. The distri- 
bution of fibrinogen-related proteins in the complicated 
plaques was similar to that in organized thrombi, although, 
as shown in Tables 6 and 7, the fibrinogen-related proteins 
made up a much lower percentage of the total protein in the 
plaques and other aortic samples than in the thrombi. 
Fibrous and fatty plaques contained significantly more 
fibrinogen, and correspondingly less fibrin Il and fragment 
X, than did complicated plaques. The NDSK in normal 
aortas consisted largely of fibrinogen, with small amounts of 
fibrin H fibrin H, and fragment X. 


DISCUSSION 


The purpose of this study was to characterize the insoluble 
fibrinogen-derived material in thrombi and in atherosclerotic 


plaques. In vitro studies have shown that when fibrinogen is 
clotted with thrombin, fibrinopeptides A and B are released, 
leading to fibrin H formation.** A thrombus is believed to 
contain mainly fibrin II, but this has never been directly 
demonstrated. To this end, we developed a method to analyze 
the fibrinogen-derived material in tissues. The peptides and 
fragments released on thrombin and plasmin proteolysis 
were quantitated after CNBr degradation. Application of 
these techniques to clots formed in vitro demonstrated both 
satisfactory recovery of the fibrinogen-derived material and 
the retention of immunoreactivity of fibrinopeptides A, B, 
B81-42 and B815-42. Thrombin clots formed in vitro with 
plasmin inhibitors added consisted mainly of fibrin I, as 
expected. 

The ability to distinguish between fibrin | and fibrin H was 
confirmed by the data from clots formed in vitro with 
thrombin cr batroxobin (Table 5). In those experiments, the 
clots contained 6% to 8% fragment X. Because the clots were 
formed in the presence of aprotinin and soybean trypsin 
inhibitor, it is unlikely that plasmin was active during that 
stage. One possible explanation is that this may represent the 
minor fraction of circulating fibrinogen which has undergone 
partial degradation.” 

When these techniques were applied to the examination of 
pathological human thrombi (Table 6}, it was found that the 
thrombi formed in vivo had undergone proteolysis by throm- 
bin in a manner very similar to that of thrombin clots formed 
in vitro. Acute and organized thrombi did not differ signifi- 
cantly in fibrinopeptide content. Both contained low amounts 
of fibrinogen and fibrin 1, whereas fibrin H comprised > 70% 
of the fibrinogen-related protein in both groups. Moreover, 
50% to 70% of the protein content of the thrombi, measured 
by amino acid analysis, was fibrinogen-derived in both acute 
and organized thrombi, confirming that the conversion of 
fibrinogen to fibrin H is a major factor in thrombus forma- 
tion." 

The polyclonal antiserum to NDSK used in the present 
study recognizes NDSK derived by CNBr treatment of 


Table 7. Fibrinopeptide Content of Aortic Samples 











NDSK (%) Antigen* oo 
Sample Total Protein FPA FPB BS 1-42 BB 5-42 
Normali (3) 4.6 + 3.0 79 + 13 73-6 109 + 4.0 88 + 2.0 
Fatty plaque (5) 1.7 + 1.0 56+ 14 71+8 93 + 10 92+ 12 
Fibrous plaque (3) 4.2+18 45+8 43 = 12t 59+ 21 73 + 10 
Complicated plaque (4) 6.14 1.9 7+ 1t 4+ 2 621 77 +11 





Abbreviations as in Table 2. 
*Expressed as percentage of total NDSK (mean + SEM). 
tP < .01 as compared with fatty plaques and normal aortas. 


tP < .01 as compared with fibrous plaque, fatty plaque, and normal aortas. 
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fibrinogen, fibrin, and fragment X, and CNBr-treated frag- 
ment E. Therefore, incomplete recovery of BB 15-42 in acute 
and organized thrombi can be assumed to reflect in vivo 
plasmin cleavage with fragment X formation in both groups. 
Fragment E formation in vivo would also be detected if the 
fragment E were noncovalently associated with the fibrin. 
Whether fragment X was formed by plasmin proteolysis of 
fibrin | or fibrin H cannot be distinguished in these studies. 
The comparable recovery of NDSK in the acute and orga- 
nized thrombi indicates that plasmin cleavage of the NH,- 
terminal ends of the fibrin in these thrombi was similar. 

Francis and colleagues’ reported a higher degree of lysis in 
older thrombi than in more recent ones. They’ and others”® 
examined lysis of the carboxy-terminal region of fibrin. 
Although in vitro studies in this laboratory have shown 
parallel cleavage of the NH,-terminal B8 chains and the 
COOH-terminal Aa chains of fibrinogen,” the relationship 
might be different for fibrin, with or without crosslinking.” 
In addition, the assays used in the present study do not allow 
distinction between fragment X and fragment E noncova- 
lently associated with the thrombus. 

Samples of aortic intima (Table 7) were very different 
from thrombi in their content of fibrinogen and fibrin- 
derived fragments. In all groups, the amount of fibrinogen- 
related protein was <10% of the total protein and was far 
lower than the 50% to 70% of total protein in thrombi. 

The relative amounts of fibrinogen, fibrin I, fibrin H, and 
fragment X in the complicated plaques were not significantly 
different from those in the acute and organized thrombi, 
although the NDSK content was substantially lower. Both 
FPA and FPB were significantly lower in complicated 
plaques than in normal aortas or fatty or fibrous plaques, 
indicating that a significantly higher proportion of the 
NDSK in the complicated plaques as compared with the 
other aortic samples was derived from fibrin H. In contrast, 
the NDSK in normal aortas was derived largely from intact 
fibrinogen, and that in fatty and fibrous plaques appeared to 
be intermediate in its derivation from fibrinogen and fibrin I 
v fibrin I. The methods used to obtain the samples and the 
relatively small numbers of samples with specific diagnoses 
preclude the drawing of conclusions based on disease states. 

The amount of fragment X in the complicated and fibrous 
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plaques was slightly higher than that in the other aortic 
samples, but the amount of plasmin degradation was not 
large in any of the histologic types. 

Previous studies have reported fibrinogen/fibrin in the 
aortic intima.’ Quantitative comparisons between those 
studies and the present one are difficult because of method- 
ologic differences in extraction and assay and in calculation 
and expression of results. In the present study, it has been 
possible to determine the molecular nature of the fibrinogen 
present. The total fibrinogen-related antigen is similar in 
normal aortas and complicated plaques, whereas the propor- 
tions of fibrinogen and fibrin IH vary inversely with pro- 
gression of the lesions. These results support the assertion 
that fibrinogen-related protein was present in the aortic 
samples in vivo, since in vitro or postmortem acquisition 
would be expected to show similar proportions of the 
different antigens. These results also raise the possibility that 
thrombin proteolysis of fibrinogen occurs within the intima, 
not only on the vascular surface with subsequent incorpora- 
tion of fibrin into the intima. Recent studies have shown that 
fibrinogen can be crosslinked in vitro both by native and 
activated factor XIH in the presence of calcium ions,” and ex 
vivo studies suggested that the insoluble fibrinogen detected 
in aortic intima might be crosslinked.'* Such crosslinked 
fibrinogen might be a good substrate for thrombin. If prote- 
olysis of fibrinogen does occur within the vessel wall, the 
question of possible effects of the released fibrinopeptides on 
vascular endothelial and smooth muscle cells arises. In 
addition, the effects of cells present in normal aortas and in 
atherosclerotic aortas on the proteolysis of fibrinogen with 
the vessel wall must be considered. 

Relatively little plasmin proteolysis of the NH)-terminal 
end of the intimal fibrin had occurred. A higher degree of 
plasmin proteolysis of the COOH-terminal Aa-chains may 
have occurred; this possibility is being investigated in a 
companion study. Alternatively, little fibrinolytic activity 
may occur in the arterial wall, due to low levels of plasmin- 
ogen activator in both normal and atherosclerotic arteries" 
or to high levels of plasminogen activator inhibitor in the 
arterial wall.” 

In this study, we demonstrated that thrombi formed in 
vivo consist of fibrin Il as Nossel postulated. The molecular 
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changes in fibrinogen detected in the vessel wall with 
progression of lesions may result from the triggering of the 
clotting mechanism in association with the development 
and/or progression of atherosclerotic lesions. The low degree 
of plasmin proteolysis of the amino-terminal end of fibrino- 
gen and the fibrin that was detected in both thrombi and 
plaques suggest either that proteolysis of the carboxy- 
terminal region occurs preferentially in vivo or that fibrinoly- 
sis is limited in the atherosclerotic vessel wall. 
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Megakaryocyte Morphogenesis Stimulated In Vitro by Whole 
and Partially Fractionated Thrombocytopenic Plasma: 
A Model System for the Study of Platelet Formation 


By Robert M. Leven and Marilyn K. Yee 


Isolated guinea pig megakaryocytes were cultured in the 
presence of plasma from normal or thrombocytopenic 
rabbits. Thrombocytopenic but not normal plasma stimu- 
fated formation of long cytoplasmic processes and cyto- 
plasmic fragmentation. Activity was found in the 60% to 
80% ammonium sulfate fraction of thrombocytopenic 
plasma but not in the 0% to 60% fraction. The 60% to 80% 
fraction of normal plasma contained a small amount of 
activity. Both colchicine and vincristine inhibited the mor- 
phogenesis stimulated by thrombocytopenic plasma. Cyto- 
chalasin B and D both mimicked the thrombocytopenic 
plasma-induced morphological change and affected more 


HE MATURATION of megakaryocytes culminates in 
fragmentation of their cytoplasm. The fragments are 
released into the circulation as newly formed blood platelets. 
The precise mechanism by which this process occurs is poorly 
understood. Megakaryocytes have a demarcation membrane 
system that partitions the cytoplasm of the cells into regions 
the size of platelets.'* Fusion of these membranes around the 
platelet areas is believed to lead to the eventual breakup of 
the cytoplasm into many fragments that cross the endothe- 
lium and enter the blood as platelets.*° An alternate mecha- 
nism of platelet formation has been proposed. Megakaryo- 
cytes in explants of bone marrow will on occasion produce 
numerous, long cytoplasmic extensions.*’ These extensions 
may have a beaded appearance; consequently, it has been 
postulated that these cytoplasmic arms break where most 
attenuated, liberating small fragments, thus forming plate- 
lets. This model of platelet formation considers the demarca- 
tion membrane system to be a store of membrane rather than 
a mere demarcation of future platelets. 
Not only is the mechanism of platelet formation poorly 
understood, but neither is it clear whether there is any 
humoral control of this final stage of megakaryocyte matura- 
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megakaryocytes than did the thrombocytopenic plasma. 
Cytochalasin and thrombocytopenic plasma together hada 
synergistic effect, causing many megakaryocytes to form 
processes and break into cytoplasmic fragments 3 to 6 um 
in diameter. Immunofluorescence staining with antitubulin 
antiserum showed that cytoplasmic processes formed in 
the presence of thrombocytopenic plasma contain microtu- 
bules and that fragments released by the megakaryocytes 
contain microtubule rings. A model for the cytoskeletal 
basis of platelet formation is proposed. 

© 1987 by Grune & Stratton, Inc. 


tion. Based on in vitro studies of megakaryocyte colony 
formation and in vivo studies on platelet formation, consider- 
able evidence exists for humoral control of megakaryocyto- 
poiesis. Interleukin-3 has been shown to stimulate mega- 
karyocyte colony growth which is potentiated by various 
conditioned media.“ Yet platelet formation does not nor- 
mally occur in this type of culture. In vivo studies have shown 
that certain conditioned media!’ as well as plasma from 
thrombocytopenic and irradiated animals'*!? contain an 
activity that stimulates megakaryocytopoiesis and platelet 
production when injected into test animals. This activity has 
been thought to be due to a hormone called thrombopoietin. 
Thrombopoietin activity has been partially purified from the 
plasma of thrombocytopenic rabbits,'* but only one previous 
investigation has been made of the effect of thrombopoietin- 
enriched preparations on mature megakaryocytes. This 
study indicated that DNA synthesis may be stimulated in 
megakaryocyte cultures when incubated with crude throm- 
bopoietin. 

In this study, data are provided to show that a crude 
thrombopoietin preparation stimulates the formation of long 
cytoplasmic processes and cytoplasmic fragmentation of 
isolated guinea pig megakaryocytes. Furthermore, the data 
provide the basis for a model of the mechanism of platelet 
formation. 


MATERIALS AND METHODS 


Megakaryocyte preparation. |Megakaryocytes were isolated 
from Duncan Hartley guinea pig (Camm Laboratories, Wayne, NJ) 
bone marrow by modification'® of the method of Levine and Fedor- 
ko.” 

Rabbit plasma preparations. Blood was collected by puncture 
of the central ear artery from control New Zealand rabbits (R&R 
Rabbitry, Stanwood, WA) that had undergone no previous manipu- 
lations or from rabbits with immune thrombocytopenia. Thrombocy- 
topenia was induced by the intravenous (FV) injection of 2 ml of 
guinea pig anti-rabbit platelet serum (a gift of Dr S. Ebbe). Prior to 
injection, a 0.5-ml sample of blood was collected to measure the 
hematocrit and platelet count. Hematocrits were measured using a 
Drummond microhematocrit (Drummond Scientific, Broomall, 
PA). Platelets were counted by the method of Brecher and Cron- 
kite." Four hours after antiserum injection, another 0.5-ml blood 
sample was drawn. If hematocrits were unchanged and the platelet 
counts were reduced to <20% of the count prior to antiserum 
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injection, the animals were bled by puncture of the central ear 
artery. Both normal and thrombocytopenic rabbits were bled using 
‘so vol of 3.8% sodium citrate as an anticoagulant. Blood cells were 
pelleted by centrifugation at 500 g for 30 minutes. The plasma was 
centrifuged at 1,500 g for 15 minutes to remove any remaining 
platelets. The supernatant plasma from the normal (NRP) or 
thrombocytopenic animals (TRP) was either frozen or further 
processed as follows. All further steps were performed at 4°C. The 
plasma was brought to 60% saturation of ammonium sulfate using 
saturated ammonium sulfate solution with 0.1 mmol/L of etheylene 
glycol tetracetic acid (EGTA) pH 7.0. The precipitate was collected 
by centrifugation, and the supernatant was then brought to 80% 
saturation with ammonium sulfate. The precipitate was again pellet- 
ed. The 0% to 60% and 60% to 80% pellets were solubilized in 
phosphate buffered isotonic saline (PBS) pH 7.0, dialysed against 
PBS, and concentrated approximately fivefold by dialysis against 
dry sepharose. The fractionated plasma was then stored in aliquots 
at — 20°C. 

Cultures. isolated megakaryocytes were cultured in Dulbecco's 
modified Eagle's medium (DMEM) with 10% fetal calf serum 
(FCS) and 0.1 mg/mL of gentamycin at 37°C in a 5% CO,-95% air 
atmosphere. All culture reagents were from GIBCO Laboratories 
(Grand Island, NY). The cells were generally cultured at 10° 
cells/mL in 35-mm Falcon culture dishes (Falcon Division, Becton 
Dickinson, Oxnard, CA). 

Trypan blue staining. To test viability by exclusion of trypan 
blue, a sample of the megakaryocytes in culture were mixed with an 
equal volume of 0.4% trypan blue (GIBCO) in PBS. After 5 
minutes, a drop of the cell suspension was placed on a microscope 
slide and a minimum of 100 cells were counted in each sample. 
Viable cells were considered to be those that did not stain. In 
addition, an equal volume of trypan blue solution was added directly 
to culture dishes to evaluate the staining of megakaryocytes without 
removing the cells from the culture dish. 

"Chromium release. Isolated megakaryocytes in liquid culture 
at 5 x 10° cells/mL were labeled by incubation with 75 uCi/mL of 
sodium *'Cr (New England Nuclear, Boston, MA) (specific activity 
295.3 mc/mg) for 1 hour at 37°C. After being labeled, the cells were 
washed three times by centrifugation. The first and second washes 
were in PBS pH 7.4. The third was in culture medium. The 
megakaryocytes were resuspended at 250,000 cells/mL in medium 
and aliquoted at 50,000 cells per well in a 96-well microtiter plate. 
Test substances were added directly to the wells. For spontaneous 
release, saline was added at the same volume as for thrombocyto- 
penic and normal plasma fractions. Total release was measured by 
lysing cells with 3% sodium dodecyl sulfate (SDS). All samples were 
run in triplicate. The plates were incubated at 37°C for 3 hours, 
centrifuged at 400 g for 10 minutes; 0.1 mL of the supernatant was 
removed, and the radioactivity was measured in a TM Analytic 
Track 1193 y counter. All measurements were corrected for back- 
ground counts, and the specific toxicity was determined as 100 x 
(experimental sample cpm) ~ (spontaneous release cpm)/(total 
release cpm) — (spontaneous release cpm). 

Immunofluorescence. Antitubulin immunofluorescence was 
performed by a modification of the method of Osborn and Weber”? 
as previously described.’ Antitubulin antiserum was from Miles 
Scientific, Naperville IL. 


RESULTS 


Effect of thrombocytopenic plasma on megakaryocyte 
morphology. Megakaryocytes were incubated for 18 hours 
after isolation. Either thrombocytopenic plasma (TRP) or 
normal rabbit plasma (NRP) was then added at 10% (5 
mg/mL of protein) of the culture volume. The 60% to 80% 
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ammonium sulfate fractions of the normal plasma (NRP 60 
to 80) or thrombocytopenic plasma (TRP 60 to 80) were 
added at | to 2 mg/mL of final protein concentration; 0% to 
60% fractions were added at the same concentration. Prelim- 
inary experiments indicated that higher concentrations did 
not increase the frequency of fragmenting cells; therefore, 
data were collected in cultures with | mg/mL of TRP 60 to 
80 or NRP 60 to 80. Cultures were incubated for up to an 
additional 24 hours under these conditions, but data were 
collected after 3 hours of incubation since longer incubation 
times did not increase the number of fragmenting cells. NRP 
did not cause any change in the normal morphology of the 
cells; neither did the 0% to 60% fraction of NRP or TRP. 
NRP 60 to 80 caused a small percentage of the megakaryo- 
cytes to undergo fragmentation. TRP and TRP 60 to 80 
stimulated fragmentation of a much higher percentage of the 
megakaryocytes (Table 1). The threefold increase in respon- 
sive cells in TRP 60 to 80 at one-fifth the protein concentra- 
tion indicate an ~15-fold concentration of activity by the 
ammonium sulfate fractionation. Five hundred to 1,000 cells 
were counted in each dish to determine the percentage of 
cells forming processes or fragmenting. Only cells with a 
nucleus still visible were counted. Cell fragments not asso- 
ciated with a nucleus were not scored. 

From 15 minutes to 1 hour after plasma addition, no 
morphological changes were observed. The first noticeable 
change in morphology occurred about | hour after addition 
of the TRP or TRP 60 to 80 and appeared to be maximal 
after 3 to 6 hours. There was considerable cell-to-cell vari- 
ability in the reaction time. Megakaryocytes began io form 
processes that initially were 3 to 5 um in diameter but that 
with time became much thinner and longer (Fig 1B). Even- 
tually, the central region of the cells also began to partition 
until the entire cytoplasm was an irregular meshwork (Fig 
IC and D). Occasionally, a cell would produce one long 
process, which could be as long as 500 um but only | to 3 wm 


in diameter (Fig 1E). The processes often appeared beaded 


Table 1. Effect of TRP and TRP 60-80 





Percentage of 
Megakaryocytes 
Forming Processes 


Culture Condition 





Control (no additions) is) 

NRP (10%) 0.1 + 6.14" 
TRP (10%) 5.4 + 0.58 
NRP 60-80 (1.0 mg/mL) 1.0 + 0.82 
TRP 60-80 (1.0 mg/mL) 18.4 + 1.58 
TRP 60-80 + 1 mg/mL of colchicine §.0 + 0.69 
TRP 60-80 + 10 ug/mL of vincristine 3.7 + 0.80 





TRP, thrombocytopenic rabbit plasma; NRP, normal rabbit plasma. 

Data are the averages from three experiments in which a minimum of 
500 celis was counted for each condition. Each experiment was from a 
different megakaryocyte preparation. Colchicine and vincristine were 
added 1 hour prior to addition of TRP 60-80. Counts were made 3 hours 
after NRP, TRP, or TRP 60-80 addition. TRP was significantly greater 
than NRP (P < .001). TRP 60-80 was significantly greater than NAP 
60-80 {P < .005). Inhibition was significant by both colchicine (P < .01) 
and vincristine {P < .005) as compared with TRAP 60-80 alone. 

*SEM. 


1048 











due to irregularly spaced thickenings clearly seen in the 
longer processes. Some cells eventually broke into fragments. 
On occasion, large fragments broke into smaller fragments 
(Fig 1F), Because the cells were in liquid culture, the smaller 
fragments were quickly carried away from the main cell 
mass. After 24 hours, few fragmenting cells were observed, 
possibly due to break up the fragmenting cells. Anti-rabbit 
platelet antiserum was added directly to cultures at a 1:75 
dilution. This is comparable to the antibody dilution in a 3-kg 
rabbit with a 150-ml blood volume.” Cells were incubated 
with antiserum for up to 6 hours, and no change in cell 
morphology was observed. 

Cell viability. Cell viability was measured in two ways; 
trypan blue staining and *'Cr release. Megakaryocytes were 
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Fig 1. Response of mega- 
karyocytes to the 60% to 80% 
ammonium sulfate fraction of 
thrombocytopenic rabbit plasma 
(TRP). Phase micrographs of iso- 
lated guinea pig megakaryocytes 
in liquid culture with 1.0 mg/mL 
of TRP 60 to 80. (A) Control 
megakaryocytes, no TRP 60 to 
80 added to the culture. Cells 
maintained their spherical shape 
in control cultures until the cul- 
tures terminated due to senes- 
cence after 3 to 4 days. (Original 
magnification 98.5.) (B) Mega- 
karyocyte beginning to respond 1 
hour after thrombocytopenic se- 
rum addition to the culture. 
Large cytoplasmic processes are 
beginning to form. (Original mag- 
nification x395.) (C) through F) 
After 3-hour incubation in TRP 
60 to 80. (C) Several megakaryo- 
cytes at a later stage of fragmen- 
tation. The entire cytoplasm is 
beginning to partition in these 
cells. (Original magnification 
« 60.) (D) Megakaryocyte prior to 
fragmentation. The cytoplasm is 
fully partitioned, and beading is 
evident along the cytoplasmic 
processes. (Original magnifica- 
tion » 160.) (E) Example of a 
megakaryocyte that has pro- 
duced one very long cytoplasmic 
process. Several short branches 
are visible along the major pro- 
cess (arrows). (Original magnifi- 
cation x175.) (F) Cytoplasmic 
fragments that have just been 
released by a megakaryocyte 
that is beginning to fragment. 
(Original magnification x255.) 


incubated with TRP 60 to 80 or NRP 60 to 80 or with saline 
as a control. Table 2 shows that neither of these plasma 
fractions altered cell viability when measured by either 
trypan blue exclusion or *'Cr release. 

Effect of colchicine, vincristine, and cytochalasins 
Megakaryocytes were incubated with either colchicine (1 
mg/mL) or vincristine (10 g/mL) for | hour prior to the 
addition of TRP 60 to 80. After additional incubation with 
TRP 60 to 80 for 3 hours, the percentage of fragmenting cells 
was determined. Neither colchicine nor vincristine alone 
altered megakaryocyte morphology, nor did 1.0% ethanol, 
the solvent for colchicine. When cultures were preincubated 
with these drugs prior to the addition of TRP 60 to 80, 
however, the number of fragmenting cells was sharply 
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Table 2. Effect of NRP 60-80, TRP 60-80 Colchicine and 
Vincristine on Megakaryocyte Viability 





Percentage Viable 
Trypan Blue Exclusion 
Control (no addition) 86.5 + 1.36° 
NRP 60-80 (1.0 mg/mL) 83 + 0.94 
TRP 60-80 (1.0 mg/mL) 85 + 0.95 
Colchicine (1.0 mg/mL) 80 + 0.77 
Vincristine (10 g/mL) 89 + 1.63 
Specific Toxicity 
*'Chromium release Exp 1 Exp 2 
NRP 60-80 (1.0 mg/mL) 0 o 
TRP 60-80 (1.0 mg/mL) o 0.4 





Abbreviations as in Table 1. 

Data from the trypan blue exclusion experiments are average results of 
three experiments. Measurements are made in triplicate for each condi- 
tion in each experiment. Viability in NRP 60-80 and TRP 60-80 with 
trypan blue was determined after 3-hour incubation. Viability in colchicine 
and vincristine was determined 3 hours after drug addition. None of the 
groups show any significant difference from the control (P > .05). 
Specific toxicity by Cr release was determined as described in the 
Materials and Methods section. Data show the results of two experi- 
ments in which measurements for each condition were made in triplicate. 
Cr release was measured after 3-hour incubation in TRP 60-80 or NRP 
60-80 

*SEM. 


decreased (Table 1). If the drugs were added after the 3-hour 
incubation with TRP 60 to 80, limited retraction of processes 
occurred. Neither drug affected cell viability, as determined 
by trypan blue exclusion (Table 2). 

Cytochalasins had a very different effect on megakaryo- 
cyte morphology. Both cytochalasin B (10 ug/mL) and 
cytochalasin D(2 g/mL) caused cytoplasmic process for- 
mation and partitioning of the megakaryocyte cytoplasm 
similar to that caused by TRP and TRP 60 to 80, (Fig 2). 
The morphogenesis with cytochalasins also occurred in 1 to 3 
hours. There were two notable differences in the response to 
the cytochalasins. First, many more cells formed processes 
after incubation in the cytochalasins than in TRP or TRP 60 
to 80. The percentage of cells responding was difficult to 
count accurately since many responding cells overlapped; 
thus, distinguishing individual cells was not always possible. 
Second, the cytoplasmic processes formed during exposure to 





Fig2. Isolated megakaryocytes in culture exposed to 2 ug/mL 
of cytochalasin D for 3 hours. Many megakaryocytes have formed 
cytoplasmic processes. (Original magnification x250.) 
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Fig 3. Megakaryocytes incubated with 2 ug/mL of cytochala- 
sin D and 1.0 mg/mL of thrombocytopenic rabbit plasma (TRP) 60 
to 80 for 3 hours. Many long processes have formed, and extensive 
Partitioning of the entire cytoplasm has occurred. Beading is 
clearly apparent along the processes. (Original magnification 
x275.) 


cytochalasins tended to have a very smooth contour rather 
than the irregular beading that occurred in the presence of 
TRP or TRP 60 to 80. When megakaryocytes were incu- 
bated with either cytochalasin in the presence of TRP or 
TRP 60 to 80, there was an increase in the number of the 
megakaryocytes that formed processes with distinct beading 





Fig4. Megakaryocytes incubated for 3 hours with 1.3 mg/mL 
of thrombocytopenic rabbit plasma (TRP) 60 to 80 and 2 ug/mL of 
cytochalasin D. Several large proplatelet fragments have formed. 
Beading is evident on some fragments. (Original magnification 
x250.) Many cytoplasmic fragments are visible. The diameters of 
fragments range from ~3 to 6 um, and many are still attached by 
thin cytoplasmic threads (arrows). 


1050 


(Fig 3). The cells appeared similar to those in TRP alone 
except for the increase in the number of responsive cells 
Megakaryocytes commonly broke into large and small frag- 
ments under these conditions (Fig 4) 

Tubulin immunofluorescence. Fragmenting mega- 
karyocytes were observed by indirect immunofluorescence 
using antitubulin antiserum. The cytoplasmic processes were 
found to contain many microtubules extending along the 
long axis of the processes. The partitioning cytoplasm in the 
central area of the cell also contained microtubules. Microtu 
bule rings were seen both in processes and near the cell body 
Cytoplasmic fragments containing microtubule rings were 


also observed (Fig 5) 


DISCUSSION 


These results show that plasma obtained from rabbits with 
immune thrombocytopenia contains a factor that stimulates 
cytoplasmic fragmentation of isolated megakaryocytes 
Thrombocytopenia has been shown to increase megakaryo- 
cyte maturation rate, number, size, and ploidy These 
changes occur over several days and are believed to depend 
on alteration of immature megakaryocytes and precursor 
cells. It has, however, been shown that a burst of large 


platelets is released within 18 hours of induced thrombocyto- 
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penia.” This more rapid response indicates that mature 
megakaryocytes may be directly affected in a thrombocyto- 
penic state. The type of thrombocytopenic plasma prepara- 
tion that we used stimulates platelet production in vivo,~ but 
it is not clear whether mature megakaryocytes can be 
directly affected by thrombocytopenic plasma 

The megakaryocytes we isolated from bone marrow are 
recognizable megakaryocytes and not megakaryocytic pre- 
cursors. Therefore, our observations show that megakaryo 
cytes in the final stages of maturation are capable of 
responding to a factor that is increased in thrombocytopenic 
plasma within 4 hours of antiplatelet serum injection. Only 
one previous study investigated the effect of a thrombocyto 
penic plasma preparation on isolated megakaryocytes 
Stimulation of DNA synthesis was reported to occur during 
incubation in TRP 60 to 80; however, no observations were 
made on cell morphology. In our studies, up to 18% of the 
TRP or TRP 60 to 80; 


therefore, it is possible that only a particular subpopulation 


megakaryocytes fragment with 


of megakaryocytes responds to TRP. It would be interesting 
to know if megakaryocytes of a particular maturation stage 
or ploidy are the most responsive 

No fragmentation occurred when the cells were incubated 


with normal rabbit plasma, although a small amount did 








Fig 5 Antitubulin staining of thrombocytopenic rabbit plasma 
(TRP) 60 to 80-treated megakaryocytes. Cells were incubated for 
3 hours in 1.0 mg/mL of TRP 60 to 80 and stained with antitubulin 
antiserum as described in the Materials and Methods section, (A) 
Cytoplasmic process extends from the body of a megakaryocyte at 
the upper left. Many microtubules are apparent (Origina! magnifi 
cation x 1,300.) (B) Megakaryocyte with four processes stained 
with antitubulin antiserum. In one of the processes (arrow), a 
microtubule ring appears to be forming. (Original magnification 
< 1,425.) (C) A cytoplasmic fragment stained with antiserum. Two 
microtubule rings attached by a thin thread of cytoplasm are 
obvious in this fragment. The diameter is similar (2.8 um) to that of 
platelet microtubule coils. (Original magnification x 3,300.) 


MEGAKARYOCYTE FRAGMENTATION 


occur with NRP 60 to 80. It is possible that concentration of 
a reduced level of thrombopoietin which circulates in normal 
plasma was responsible for the small number of fragmenting 
cells. This is consistent with the observation that thrombo- 
poietin activity can be detected in normal plasma when 
injected into platelet-hypertransfused test animals.” The 
fragmentation that occurs does not appear to be due to 
cellular toxicity. Using two independent methods to measure 
cell viability. we were unable to detect any decrease of 
viability in either NRP 60 to 80 or TRP 60 to 80. 

The morphological change that occurs in megakaryocytes 
incubated with TRP or TRP 60 to 80 appears similar to the 
spontaneous morphogenesis of megakaryocytes observed by 
Thiery and Bessis and by Radley and Haller.’ Unlike these 
investigators, we observed no spontaneous process formation. 
In the absence of TRP and TRP 60 to 80, no morphological 
changes occurred in our cultures. The previous studies used 
teased marrow explants rather than isolated megakaryo- 
cytes. It may therefore be the presence of other marrow cells 
or factors in the marrow that allowed this spontaneous 
activity to occur. 

On the basis of our findings and previous findings, we 
believe that megakaryocyte process formation is a microtu- 
bule-dependent phenomenon. Radley and Haller’ observed 
that spontaneous cytoplasmic process formation was 
reversed by vincristine, and in our studies both colchicine and 
vincristine inhibited the TRP-induced morphogenesis. In 
addition, tubulin immunofluorescence showed that the cyto- 
plasmic processes are microtubule-containing structures. 
Ultrastructural studies have shown that megakaryocytes in 
the marrow can form processes” ™ containing aligned micro- 
tubules. Therefore, the formation of microtubule-based cyto- 
plasmic processes is not likely to be an artifact of culture 
conditions but may be an important step in platelet forma- 
tion. The presence of microtubule rings further supports the 
idea that the in vitro morphogenesis we observed is similar to 
platelet formation in vivo, particularly since the rings are 
seen not only in the cytoplasmic processes but also in some 
released fragments that are the size of platelets. We do not 
know if the fragments released are functional platelets, but 
the presence of microtubule rings implies that structural 
organization of the platelet cytoskeleton may occur at the 
time of, or possibly prior to, cytoplasmic fragmentation. 
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The cytoplasmic process formation and partitioning that 
occurred with cytochalasin was similar to that which 
occurred with TRP and TRP 60 to 80. The smooth surface of 
processes that form with cytochalasin indicate that TRP- 
induced and cytochalasin-induced morphogenesis may not be 
identical. Moreover, cytochalasins caused far more cells to 
begin fragmentation than did TRP or TRP 60 to 80. The 
active factor in TRP may stimulate megakaryocytes by a 
surface receptor that is not expressed on all cells. Because the 
cytochalasins diffuse into the cells and do not depend on a 
surface receptor, one would expect more cells to be affected. 

From the data presented, we propose a model for the 
cytoskeletal basis of platelet formation. The factor stimulat- 
ing fragmentation in TRP binds to a receptor on the surface 
of certain megakaryocytes, perhaps the most mature. Bind- 
ing then triggers a change in the organization of actin in the 
cell. Actin filaments or filament networks, which maintain 
the cytoplasm intact, disassemble, causing the cytoplasm to 
change from a gel-like to sol-like state as postulated to occur 
in ameboid cells. The disassembly of microfilament struc- 
tures may be regulated by the actin regulatory proteins that 
have been identified in platelets*** and probably exist in 
megakaryocytes as well. The processes that subsequently 
form have a core of microtubules and may elongate by 
polymerization of tubulin. We believe the long fragments of 
cytoplasm that form are comparable to the proplatelet 
processes observed by Behnke™ and by Becker and De 
Bruyn. What controls the fragmentation of proplatelets 
into platelets is still unexplained. A microfilament-based 
contractile mechanism is not likely to be involved since 
fragmentation occurs in the presence of cytochalasins. It is 
possible that other structural components determine the 
interval at which cytoplasmic processes fragment. The 
microtubule rings may play a role in controlling the intervals 
at which proplatelets break into platelets. Our model is 
similar to that of Becker and De Bruyn’s interpretation of 
platelet formation, although based on our results with 
megakaryocytes incubated with cytochalasins we do not 
believe actomyosin contraction is involved in forming pro- 
cesses as Becker and DeBruyn have proposed. Although 
speculative, our model of platelet formation is consistent with 
available data, and we believe it provides a useful basis for 
further study of the mechanism of platelet formation. 
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Stimulation by cAMP of Erythropoietin Secretion by an Established 
Human Renal Carcinoma Cell Line 


By J.B. Sherwood, E.R. Burns, and D. Shouval 


We used our recently reported stable, transformed human 
renal carcinoma cell line as a model system to study the 
role of 3’, 5’-adenosine monophosphate (cAMP) in erythro- 
poietin secretion. The erythropoietin produced by these 
cells is both biologically active and immunologically cross- 
reactive with purified native human hormone in our 
radioimmunoassay. Erythropoietin release by these renal 
carcinoma cells appears to be stimulated by cAMP as well 
as by the phosphodiesterase inhibitor 3-isobuty!-1-methyi- 
xanthine (MIX). The response to cAMP involves a rapid and 


E RECENTLY described' the development of a sta- 

ble, transformed human renal clear cell carcinoma 
cell line that produces erythropoietin in vitro and that has 
maintained this function for several years and for +150 
passages in culture. The erythropoietin produced by these 
cells appears to be biologically active in both the in vitro 
mouse CFU-E assay and in nude mice carrying the tumor. 
The tumor-produced hormone is detectable in our radioim- 
munoassay, and its ability to displace pure native human 
urinary hormone from the antierythropoietin antibody indi- 
cates that it shares structural similarities with the native 
protein.’ 

Considerable evidence supports a correlation between 
erythropoietin production in vivo and such parameters 
involved in oxygen supply as hemoglobin concentration, 
RBC mass, and ambient pO, Little information exists, 
however, on regulation of erythropoietin synthesis and 
secretion at the cellular level. Our stable, established renal 
carcinoma cell line provides an excellent model system for 
studies of erythropoietin production at the cellular level. It 
also allows a comparison of regulation of hormone release by 
carcinoma v normal cells. 

Cyclic 3’, 5’-adenosine monophosphate (cAMP) is known 
to regulate the release of many polypeptide hormones.’ This 
effect has been observed in vitro for a number of hormones 
such as parathyroid hormone,** thyroid hormone,’ and 
growth hormone.*'"° A “first messenger” has been shown to 
act at the cell membrane to stimulate the membrane-bound 
adenyl cyclase, resulting in conversion of ATP to intracellu- 
lar cAMP, which then acts to mediate hormone release.’ In 
the case of erythropoietin, decreased oxygen levels may serve 
as a first messenger. We are therefore using our renal 
carcinoma cell line to examine the hypothesis that cAMP 
mediates an extracellular stimulus to erythropoietin produc- 
tion. 


MATERIALS AND METHODS 


Cells. The human renal carcinoma cell line designated as the 
RC-1 line was used for all studies. This line was derived from a renal 
cell carcinoma obtained in 1981 from a patient with erythrocytosis. 
These cells grow as a homogeneous monolayer, with neoplastic 
characteristics as evidenced by loss of contact inhibition and by the 
ability to be cloned and grown in soft agar.'"’ The characteristics of 
this cell line have been fully described.’ The current studies were 
performed on cells from several different passages (passages 37 
through 105). 
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enhanced release of hormone, which occurred within 30 
minutes of exposure of the cells to the effector and 
continued for at least 4 hours. Intracellular erythropoietin 
was higher in the control cultures than in the cells treated 
with cAMP, suggesting that cAMP stimulates the release 
of a storage pool of hormone. The ability of cAMP and MIX 
to elicit the release of erythropoietin suggests that a 
cAMP-mediated mechanism is involved in the release of 
this hormone. 

© 1987 by Grune & Stratton, inc. 


Cell culture methods. Tumor cells were routinely maintained in 
Corning tissue culture flasks (Corning Glass, Corning, NY) in 
complete medium, consisting of Dulbecco's modified Eagle's 
medium (DMEM) and nutrient mixture F12 (Ham) 1:1 by volume 
supplemented with 10% fetal bovine serum (FBS), 2 mmol/L. of 
L-glutamine, 0.10 mmol/L nonessential amino acids, 100 U of 
penicillin, and 100 yg of streptomycin. All media components were 
obtained from Grand Island Biological (Grand Island, NY), 

Radioimmunoassay of erythropoietin. Erythropoietin levels in 
the culture supernatant fluids and the cell extracts were determined 
in the radioimmunoassay described by Sherwood and Goldwasser." 
The pure erythropoietin used as the radiolabeled tracer was 
described by Miyake and co-workers’ and was generously supplied 
by Dr Eugene Goldwasser (University of Chicago) and by the Blood 
Diseases Branch, Division of Blood Diseases and Resources of the 
National Heart, Lung and Blood Institute, National Institutes of 
Health, Bethesda, MD. The erythropoietin was radiolabeled with 
131, using the water-insoluble oxidizing agent |, 3, 4, 6-tetrachloro- 
3a, 6a-diphenylglycoluril (lodogen, Pierce Chemical, Rockford, 
IL),"* to a specific activity of 16 to 21 «Ci '™ Iag of erythropoietin. 
The antibodies to erythropoietin were raised in New Zealand White 
rabbits in response to a preparation of crude human urinary erythro- 
poietin. Human urinary erythropoietin (Toyobo, Osaka, Japan) was 
used as the standard in the assay. The methods for incubation of 
samples and antibody and for separation of antibody-bound and free 
erythropoietin by the second antibody technique were described 
previously.’ The ratio of bound to total ""l-erythropoietin was 
determined for the standard curve and for the culture and serum 
samples. All erythropoietin standards and unknown samples were 
assayed in triplicate. Medium with and without the experimental 
additives incubated without cells served as assay controls. Values are 
expressed as mean + SEM, representing the replicate cultures. 

Preparation of samples for detection of erythropoietin, Super- 
natant fluids obtained from culture dishes were centrifuged for 10 
minutes at 1,000 rpm at 4°C in an IEC Centra 7-R tabletop 
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refrigerated centrifuge (International Equipment, Needham 
Heights, MA). The culture fluid was then stored at — 20°C to 
~ 70°C until assay. 

Cells were harvested from the cultures with 0.1% trypsin-0.1 
mol/L of EDTA, washed with Earle’s balanced salt solution (BSS), 
and extracted in 0.1 mol/L of phosphate buffer by homogenization 
with a Polytron (Brinkmann Instruments, Westbury, NY) as 
described by Sherwood and Goldwasser.’ The cell extracts were 
stored at ~ 20°C to - 70°C until assayed. 

Evaluation of effect of cAMP on erythropoietin production. 
For studies of erythropoietin production, cells were removed from 
the surface of the flasks by incubation with 0.1% trypsin-O0.1 mol/L 
of EDTA, followed by resuspension in complete medium. The 
number of viable cells was determined in a hemocytometer, using 
exclusion of trypan blue dye as an indicator of viability. Each 60-mm 
Falcon tissue culture dish (Becton Dickinson, Cockeysville, MD) 
was seeded with 3 x 10° viable cells in 5 mL of complete medium and 
incubated at 37°C in 5% CO,-95% air until confluence (1 to 2 x 10° 
cells per plate) was reached. The cultures were then incubated at 
37°C in 5% CO,-95% O, in a humidified tissue culture incubator 
(Forma Scientific, Marietta. OH) in 2 mL of “complete medium” 
containing 5% fetal bovine serum (FBS), and 8-bromo cAMP or the 
phosphodiesterase inhibitor 3-isobutyl-!-methylxanthine (MIX) as 
indicated. Control cells from the same passage were incubated in the 
same medium (5% FBS), without cAMP or MIX, at the same time. 
Three replicate cultures were made for each effector concentration 
and time point. At the indicated times, cells and supernatant media 
were harvested, the viable cell count was obtained, and the erythro- 
poietin was extracted from the cells as described. Erythropoietin 
levels in the media and cell extracts were determined by radioimmu- 
noassay. 


RESULTS 


Effect of cAMP on intracellular and extraceilular ery- 
thropoietin. Concentrations of 8-bromo cAMP <107*mol/ 
L were ineffective in stimulating erythropoietin production. 
Therefore, in these studies, cells were incubated in experi- 
mental medium with or without 10°*mol/L of 8-bromo 
cAMP for periods of I to 4 hours. As shown in Table |, 
erythropoietin levels in the supernatant media from cAMP- 
treated cells were significantly higher (P < .02) than in the 


Table 1. Effect of 8-Bromo-cAMP on Intracellular and Extracellular Erythropoietin 
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Fig 1. Effect of cAMP on the time course of erythropoietin 
secretion by the human renal carcinoma cell line: Celis from 
passage 105 were grown to confluence {(~6 x 10° cells/60-mm 
plate) and incubated in standard culture medium with (@—@) or 
without (4——A) 10°‘mol/L of 8-bromo cAMP. At the times 
shown, the supernatant medium was harvested from three pilates. 
Erythropoietin levels were measured in the radioimmunoassay, 
Each data point represents the mean for the replicate cultures, 
each measured in triplicate (SD generally + 10%). 


media from control cultures from the same passage incu- 
bated (at the same time) without cAMP. Conversely, 
erythropoietin levels in the cell pellets (intracellular erythro- 
poietin) were significantly (P < .02) lower in the cAMP- 
treated cultures than in the controls. Control medium with 
and without 10-‘mol/L of 8-bromo-cAMP, incubated with- 
out cells, contained nondetectable amounts of erythropoietin 
(<10 mU/mL). The cAMP appeared to have no effect on 
cell morphology, growth, or viability. 

Effect of 8-bromo-cAMP on time course of erythropoietin 
release. Cells from passage 105 were incubated in experi- 
mental medium with or without 10~‘mol/L of 8-bremo- 
cAMP. As shown in Fig 1, a slight secretory response to 
10°-*mol/L of 8-bromo-cAMP was observed within 15 min- 
utes (13 + 10 mU/mL of medium) and reached a maximum 
at 30 minutes (130 + 3 mU/mL). Erythropoietin levels in 








Cı 
Experiment MEAR incubation Erythropoietin 
No. No. Effector Sample Assayed {hours} (mU per 10" Cells} 
1 37 cAMP Supernatant 4 1104 1 
Cells 118 + 39 
Control Supernatant 4 NO* 
Cells 310 + 38 
2 86 cAMP (10°* mol/L) Supernatant 1 605 + 123 
Cells NO* 
Control Supernatant 1 114+ 17 
Celis 136 + 40 
3 87 cAMP (1074 mol/L) Supernatant 2 1143 + 88 
Cells 3745 
Control Supernatant 2 712 18 


Cells 540 + 40 





were determined in the radioimmunoassay. Each value represents the mean + SEM for three plates, each measured in triplicate. All values are 


significantly different from values for control cells. 


*ND, not detectable. <10 mU/mL. Control medium without cells had no detectable erythropoietin. 


cAMP STIMULATION OF ERYTHROPOIETIN SECRETION 


the medium remained constant for at least 4 hours (1 hour, 
108 + 27 mU/mL; 2 hours, 107 + 7 mU/mL; 4 hours, 
98 + 8 mU/mL). The values for these time periods did not 
differ significantly (P = .09) from the 30-minute value. In 
contrast, erythropoietin was not detected in the supernatant 
medium of control cultures of the passage 105 cells until 2 
hours of incubation (103 + 3 mU/mL for 2 hours, 142 + 42 
mU/mL for 4 hours). The 4-hour value for the control 
cultures did not differ significantly (P = .27) from that of 
the cAMP-treated cultures from the same passage, suggest- 
ing some constitutive release by cells of this passage. No 
erythropoietin was detectable in the control media with and 
without cAMP, incubated without cells. 

Effect of the phosphodiesterase inhibitor 3-isobutyl-I- 
methylxanthine on erythropoietin release. Cultures of pas- 
sage-37 cells were incubated for 4 hours in experimental 
medium with 10~¢mol/L of MIX. After the 4-hour incuba- 
tion period, the supernatant fluids were harvested; erythro- 
poietin levels in the samples and in control medium contain- 
ing the MIX but not incubated with cells were measured in 
the radioimmunoassay. Addition of either MIX or cAMP to 
the cultures was associated with erythropoietin levels in the 
supernatant medium that were significantly greater than in 
the control cultures: cultures with 10-‘mol/L of MIX, 48 + 
4 mU erythropoietin/ 10° cells; cultures with 10~*mol/L of 
8-bromo cAMP, 110 + 1 mU/10° cells: control cultures, no 
detectable erythropoietin; and no detectable erythropoietin 
in the control medium incubated without cells. 

Effect of long-term incubation on erythropoietin produc- 
tion by passage-37 cells. Cells from the passage 37 were 
incubated in experimental medium with and without 
10~*mol/L of 8-bromo cAMP, and the supernatant fluids 
were harvested after 4 hours and 24 hours of incubation. 
After 4 hours of incubation, erythropoietin levels in the 
supernatant media from cAMP-treated cells (110 + 1 mU/ 
10° cells) were significantly higher (P < .02) than in the 
medium from control cultures from passage 37 incubated 
without cAMP (nondetectable erythropoietin levels), 
whereas intracellular erythropoietin was higher in the con- 
trols (310 + 38 v 118 + 39 mU/10° cells). Control passage- 
37 cells did not appear to show constitutive erythropoietin 
release until 24 hours of culture; after 24 hours of incubation, 
erythropoietin levels in the medium were 38 + 14 mU/10° 
cells in CAMP-treated cultures and 34 + 10 mU/10° cells in 
controls (cAMP v control, P = NS). The cell content was 
higher in the cAMP-treated cultures (474 + 84 mU/10° 
cells), however, than in the controls (118 + 10 mU/10° 
cells). 


DISCUSSION 


This report describes the effect of 8-bromo-cAMP on the 
production of erythropoietin in vitro by our stable, trans- 
formed human renal carcinoma cell line' and provides evi- 
dence that cAMP is an intermediate in the regulation of 
erythropoietin production. 

We described this cell line in a recent publication.’ The 
cells have been maintained in culture since 1981 and for 
>150 passages and retain an abnormal human karyotype, 
ultrastructural features characteristic of human renal clear 
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cell carcinoma, and the growth characteristics of trans- 
formed neoplastic cells.' The erythropoietic factor produced 
by this cell line appears to be biologically active in vitro, in 
the mouse CFU-E assay,' and in vivo, as demonstrated by the 
development of significant erythrocytosis in athymic Balb/c 
mice transplanted with cells from this line.'® In our radioim- 
munoassay, displacement curves produced by increasing 
amounts of culture supernatant fluids were parallel to those 
produced by pure native human urinary erythropoietin, 
suggesting that the native human hormone and the tumor 
factor are similar.’ 

Little information exists on regulation of erythropoietin 
synthesis and secretion at the cellular level, in part due to the 
difficulty of establishing a suitable in vitro model system. 
Previously reported in vitro systems include cultures of 
normal kidney cells such as goat renal glomeruli” and rat 
mesangial cells,'* as well as transformed cells such as the 
human renal carcinomas reported by Hagiwara and col- 
leagues,'"? Sherwood and Goldwasser, Sherwood and 
Shouval,'” and Sytkowski and coworkers,” a human testicu- 
lar carcinoma,” and mouse erythroleukemia cells.” Our 
studies represent the first reported use of a long-term stable 
human cell line to study regulation of erythropoietin produc- 
tion at the cellular level. 

The membrane enzyme adenylate cyclase and its product 
cAMP are intermediates in the regulation of secretion of 
some polypeptide hormones.’ The secretory effects of cAMP 
are mediated through activation of a cAMP-dependent pro- 
tein kinase, leading to exocytosis of secretory granules.” 

Erythropoietin production by our renal carcinoma cell line 
was stimulated by 8-bromo-cAMP and MIX. MIX, a cyclic 
nucleotide phosphodiesterase inhibitor, prevents the degra- 
dation of intracellular cAMP, thus allowing its accumula- 
tion. The 8-bromo-cAMP used in these studies is a deriva- 
tive of cAMP with an 8 substitution of the purine ring. 
Although these derivatives are able to inhibit cyclic nucleo- 
tide phosphodiesterase and to activate cAMP-dependent 
protein kinase, their primary mechanism of action at the 
cellular level is considered to occur by protein kinase activa- 
tion.” 

In these studies, cells were incubated with and without 
cAMP or with and without MIX, and erythropoietin produc- 
tion by cells of the same passage was measured by radioim- 
munoassay. Comparisons were made between cells of the 
same passage, not between cells of different passages. In all 
experiments and cell passages, erythropoietin levels in 
medium from cultures incubated with either 8-bromo-cAMP 
or with MIX were significantly higher than in medium from 
the control cultures of the same passage. In the short-term 
cAMP-treated cultures, the increased erythropoietin in the 
medium was associated with a concomitant decrease in 
intracellular hormone, in contrast to the control cultures—- 
which had high intracellular and low media levels of erythro- 
poietin. 

cAMP produced a rapid and enhanced release of erythro- 
poietin with 15 minutes of exposure of the cells to the 
nucleotide. Erythropoietin release continued to increase for 
~30 minutes, after which the levels in the medium remained 
relatively constant (erythropoietin levels at the other times 
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did not differ significantly from the 30-minute value). Ery- 
thropoietin release after 2 hours by the control cells of this 
Passage suggests some constitutive production. 

This pattern of erythropoietin release in response to ele- 
vated intracellular cAMP is similar to the response that has 
been observed for other hormones.**'°* Addition of dibuty- 
ryl (db) cAMP at concentrations of =10°‘mol/L to parathy- 
roid gland explants resulted in significant stimulation of 
parathyroid hormone release 1 hour after incubation.*® 
Growth hormone release from bovine pituitary gland ante- 
rior lobe explants’? and cultures of rat adenohypophyseal 
somatotrophs’ was stimulated within 30 minutes in response 
to elevated extracellular and intracellular cAMP and 
remained relatively constant during the 2-hour incubation 
period. cAMP also stimulates release of thyroid hormone,’ 
thyroid-stimulating hormone, insulin,” and calcitonin” in 
similar fashion. 

cAMP stimulation may also lead to increased synthesis of 
some proteins.’ In each experiment the total amount of 
erythropoietin in each culture (cellular content plus released 
hormone) was higher in the cAMP-treated culture 
(P < .05). This effect occurred in the cultures of passages 86 
and 87 after 1 and 2 hours of incubation. Passage 37 cultures 
had similar total erythropoietin levels after a 4-hour incuba- 
tion period. After 24 hours, however, the cAMP-treated 
cultures had a significantly higher intracellular erythropoie- 
tin content, but cAMP and control cultures had similar levels 
in the medium. Although cAMP effects are short-range 
phenomena in endocrine systems, cAMP may have some 
long-term effects on erythropoietin production?’ and on 
erythropoiesis.” 
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The increase in intracellular erythropoietin in the cAMP- 
treated cultures may be due to direct stimulation of synthesis 
by cAMP or may involve a feedback stimulus caused by 
depletion of an intracellular pool by the cAMP-induced 
hormone release. There may also be two intracellular pools of 
erythropoietin responsive to different physiological stimuli, 
one pool responsive to agents that elevate cellular cAMP and 
another pool responsive to other factors, as suggested also for 
parathyroid hormone.*”? As support for this, we showed that 
this cell line produces erythropoietin under control conditions 
(Table | and Fig 1), an observation that was important to us 
in developing this erythropoietin-producing line! in amounts 
and at time intervals that may differ for each cell passage. 
Some erythropoietin may also be released in a constitutive 
fashion, as has been reported for other culture systems."!94 

The short-term effects described in this report, increased 
erythropoietin in the medium within 15 minutes after cAMP 
stimulation associated with a concomitant depletion of intra- 
cellular erythropoietin (Table 1), are consistent with 
secretion of preformed erythropoietin. The immediate 
release of an intracellular pool of preformed hormone in 
response to cAMP stimulation has been extensively reported 
in other endocrine systems. The present studies substantiate 
the utility of this human renal clear cell carcinoma cell line 
for investigation of cellular factors mediating the production 
of erythropoietin. 
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Sardinian 58°-Thalassemia: A Further Example of a C to T Substitution 
at Position — 196 of the ^y Globin Gene Promoter 


By Sergio Ottolenghi, Barbara Giglioni, Andrea Pulazzini, Paola Comi, Clara Camaschella, Anna Serra, 
Angelo Guerrasio, and Giuseppe Saglio 


Selective overexpression (50- to 100-fold) in adult ery- 
throid cells of either ĉy or ^y fetal globin gene is observed 
in hereditary conditions known as 458°-thalassemia and 
hereditary persistence of fetal hemoglobin (HPFH). Recent- 
ly, a C -» T change at position — 196 of an overexpressed 
Ay globin gene from an Italian HPFH was hypothesized, on 
the basis of indirect evidence, to represent the cause of the 
functional defect. We now show that the same mutation is 
present in a different overexpressed “y-globin gene from a 
Sardinian patient with a different syndrome (5G°-thalasse- 
mia). The Sardinian “y globin gene differs from both the 


HE MOLECULAR mechanisms regulating the coordi- 
nated and balanced activity of the human non-a globin 
genes (e, “y, ^y, ô, 8)' during developmental switches (em- 
bryonic and fetal),’? cell maturation,*’ and in different cell 
populations (A and F ceils)*’ remain almost completely 
elusive, despite the enormous wealth of structural informa- 
tion accumulated in the last few years.*? Some information 
has been provided, however, by genetic studies of disorders of 
the level of the expression of y and 8 globin genes, which 
suggested the existence both of trans-acting factors'’” and 
of cis-acting loci whose deletion can influence y or 8 globin 
gene activity. °° 
More recently, attention has focused on nondeletion syn- 
dromes characterized by increased expression of either the 
y or “y globin genes during the adult period.'***?* These 
conditions can be distinguished as hereditary persistence of 
fetal hemoglobin (HPFH) and 48°-thalassemia on the basis 
of the greater clinical severity and of the unbalance of the 
a/non-« chain synthesis ratio in the latter. Recently, a 
correlation between y globin gene overexpression and the 
occurrence of a single point mutation in one or two regions 
upstream of the cap site (within 200 nucleotides), has been 
found.” 
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HPFH and the normal ^y globin gene at nucleotide 1,560 in 
the noncoding portion of the third exon, where an A is 
deleted. In addition, the mutant — 196 “y-giobin gene is 
linked to a normal 8 globin gene in HPFH, and to a 
§-thalassemic gene (8°CAG -> TAG) in 46°-thalassemia. 
These data strengthen the suggestion that — 196 mutation 
is causally linked to the abnormal phenotype and raise the 
question of whether the same or multiple mutational 
events are responsible for the appearance of the — 196 
mutation in different syndromes. 

©1987 by Grune & Stratton, inc. 


These mutations might prevent the normal suppression of 
y-globin gene transcription occurring after birth, although 
no direct proof for this hypothesis has yet been provided. 
Here we report that the same mutation originally observed in 
an overexpressed ^y globin gene from a patient with HPFH”’ 
is now found in an unrelated patient with Sardinian 68°- 
thalassemia. 


MATERIALS AND METHODS 


DNA obtained from a Sardinian 68°-thalassemic heterozygous 
patient'® was digested with restriction enzymes and hybridized with 
cloned probes as described previously’? to distinguish the y globin 
cluster corresponding to the 68°-thalassermic chromosome. 

Bglll-digested DNA was enriched in a 13-kilobase (kb) fragment 
containing both y globin genes by centrifugation on a 5% to 20% 
NaCl gradient, and the resulting DNA was ligated into EMBL 4 
BamHI-digested arms and packaged in vitro. After screening, y 
globin clones lacking the Hindili polymorphic sites (48°-thalas- 
semic) were subcloned into pBR322, and sequencing was carried out 
according to Maxam and Gilbert.” 


RESULTS 


Sardinian 68°-thalassemia is a syndrome characterized by 
selectively increased (50- to 100-fold) expression of the y 
globin gene during adult life (with fetal hemoglobin- 
Hb F = ayy,—levels ranging between 10% and 20%) and by 
complete absence of 8 globin production by the 8 globin gene 
in cis.'°? This condition has been observed so far only in 
patients of Sardinian origin. To investigate the structure of 
the overexpressed ^y globin gene, we cloned a 13-kb Ag/ll 
fragment (containing both the “y and the ^y globin genes) 
from a heterozygous patient into phage. Family studies of 
restriction enzyme polymorphisms in Sardinian 69°-thalas- 
semic patients indicate that both their y globin genes. are 
characterized by the absence of a Hind1H polymorphic site™ 
in the second intron; this allowed us to distinguish, in the 
patient studied, the 68°-thalassemic gene from the normal ^y 
globin gene. The cloned “y globin gene was completely 
sequenced, from position —270 upstream of the cap site, to 
position +370 after the poly A addition site. Two major 
normal “y globin gene sequences are known, corresponding 
to chromosomes A and B with different evolutionary histo- 
ries (refs 35, 36, and Slightom, Shen, and Smithies, personal 
communication, June 1984) and showing numerous inser- 
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tions, deletions, and single point mutations. The sequence of 
the thalassemic ^y globin gene closely matches that of the 
normal gene from chromosome B, with only two differences. 
The first mutation is a C-T substitution at position — 196; the 
second mutation is the deletion of one nucleotide (A) at 
position 1,560 in the noncoding portion of the third exon (Fig 
1); the same deletion is also found at the corresponding 
position of the °y globin gene from chromosome B (Sligh- 
tom, Shen, and Smithies, personal communication). 


DISCUSSION 


The C-T substitution at position -196 of the ^y globin 
gene which we detected in Sardinian 68°-thalassemia may be 
responsible for the continued expression of this gene during 
adult life; alternatively, it may simply represent a polymor- 
phic change with no relationship to the observed phenotype. 
We have previously described the same mutation in another 
overexpressed ^y globin gene that we detected in a Southern 
Italian patient with “y HPFH.” More recently, Gelinas and 
colleagues” reported this mutation in an additional “y globin 
gene from a Chinese patient with heterozygous “y HPFH. 
On the other hand, in a collaborative study of HPFH and 
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Fig1. Nucleotide differences between Sardinian 68°-thalasse- 
mia, Southern italian hereditary persistence of fetal hemoglobin 
(HPFH), and normal y globin genes. A normal Y globin gene is 
schematically represented. Numbers indicate nucleotide positions 
from the first nucleotide of the first exon and correspond to those 
given for the “y globin gene from clone 165.24 in ref. 35. BgMt and 
Hindili + or — indicate presence or absence of the corresponding 
restriction sites.””™ Nucleotide differences between the com- 
pletely sequenced ^y globin genes from Southern Italian HPFH?’ 
and Sardinian 58° thalassemia (present article) and the normal Ay 
globin gene from chromosome B*™ are indicated. Also shown are 
nucleotide differences in the °y (A and B) globin genes™™ v the 
normal “y B globin gene; however, polymorphic differences 5’ to 
the Hindili site in the °y globin genes are omitted for the sake of 
clarity. Gene conversion may have occurred between a Sy globin 
gene (type B) and the Sardinian 58°-thalassemia ^y globin gene: 
arrows show limits of presumed event. The converted sequence 
cannot be longer than the distance (61 nucleotides) between 
positions 1,522 and 1,583 of the third exon, which are different in 
all ^y globin genes relative to ĉy globin genes. C or G at position 
1.471 is responsible for the insertion of alanine v glycine, respec- 
tively. in ^y and °y globin chains. 
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68°-thalassemia in Sardinia (with M. Pirastu, in prepara- 
tion) the —196 mutation could be detected by oligonucleo- 
tide hybridization in 68°-thalassemic patients only, but not in 
normal subjects, ruling out the hypothesis that this is a 
common polymorphism. Taken together, these results add 
further support to the idea that —196 mutation may be 
causally linked to “y globin gene overexpression: it is of 
interest that two additional mutations, at position ~ 202% 
and — 198,7 have been observed in overexpressed °y and ^y 
globin genes, respectively, suggesting that a region around 
~ 200 may be relevant to y globin gene regulation. 

The observation of the same mutation in three different 
overexpressed “y globin genes raises the question of single v 
multiple origin of the mutation. It has already been sug- 
gested that several mutations of the 8 globin gene (3°, pF, 
8°”) occurred more than once.” The Chinese — 196 HPFH 
mutation” occurs in a “y globin gene of type A, whereas the 
mutations in the two Italian cases are in a gene of type B that 
differs at several positions from the former. Jt is therefore 
likely that the Mediterranean and Chinese mutations have 
independent origins. 

It is less clear whether the two Italian mutations have the 
same or independent origins. The two genes differ at only two 
positions. The Southern Italian *y gene has a T-C substitu- 
tion at position 1,180 in the second intron, generating a 
polymorphic Bg/H site that is absent in both the normal and 
the 68°-thalassemia “y genes. The second difference is the 
loss of A at position 1,560 in the noncoding portion of the 
third exon that is observed in the 68°-thalassemic but not in 
the Southern Italian HPFH *“y globin gene. This deletion 
may be the result of a rather complex event, possibly a 
limited interchromosomal or intrachromosomal gene conver- 
sion that transferred a polymorphic feature characteristic of 
the “y globin gene type B to the *y globin gene (Fig 1) as 
demonstrated for several other polymorphisms These 
data are equally compatible with either a single origin for the 
Sardinian 68°-thalassemia and Southern Italian HPFH 
~196 mutations (followed by the occurrence of private 
mutations in each of the two genes) or with two independent 
mutations at position — 196 in different genes. 

In addition, although the HPFH mutant ^y globin gene is 
linked to a structurally normal 8 globin gene.” expressed at 
an almost normal level, the 68°-thalassemic “y globin gene is 
linked to a 8°-thalassemic gene“! carrying a 8°” nonsense 
mutation” that is usually not associated with increased Hb F 
production. If we postulate a single origin of the ~ 196 
mutation (described above), a crossing-over event linking 
together this overexpressed “y globin gene from an HPFH 
chromosome with a B-thalassemic gene must have occurred, 
The existence of a “hot spot” for crossing-over within a 9-kb 
region between the ¥@ and 8 globin genes has been previously 
suggested”*?; such a crossing-over would be compatible with 
the observed haplotypes (Fig 2). 

Although we have no formal proof for this series of events, 
this hypothesis might be testable by looking for overex- 
pressed -- 196 ^y globin genes unlinked to 6°-thalassemia in 
the Sardinian population. 

Remarkably, the Sardinian 68°-thalassemia case is the 
first instance in which the joining of an overexpressed y 
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Fig 2. The *y-5- globin cluster in South- 
ern italian hereditary persistence of fetal 
hemoglobin (HPFH), Sardinian 59°-thalassemia 
and (*-thalassemia (8 nonsense mutation). 
Average Hb F and Hb A, percentages observed 
in heterozygotes are indicated. Several dif- 


. g y ferent Y globin genes (always producing low 
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B THAL. paps ht oop eo semic gene. All normal “y giobin genes 
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Opt THAL. + Rae ate Sie ced $ + Pirastu, personal communication. {istituto di 
Clinica e Biologia dell ‘ETA’ Evolutiva, Caguari, 
B°- THAL. Several + + Italy, September 1986). 


globin to a 6-thalassemic gene (whatever its mechanism) can 
be demonstrated to have significant physiological and possi- 
bly evolutionary effects; indeed, the high level of y globin 
synthesis, by partially compensating for the decreased 8 
globin synthesis, changes the severe 8°-thalassemia pheno- 
type (lethal in homozygous form) into a relatively mild 
condition that may be compatible with survival without 
transfusion in °/68°-thalassemic compound heterozy- 
gotes.” Considered in an evolutionary light, it is significant 
that although the overexpressed “y globin gene of Southern 
Italian HPFH is very rare (only two families yet detected) in 
Southern Italy, the same gene in the 68°-thalassemic context 
is relatively frequent in Sardinia (gene frequency: 0.1%) and 
represents a relatively high proportion (1.2%) of all 8- 
thalassemic genes.“ This fact suggests that the mutant ^y 
globin gene, because of its linkage to a 8-thalassemic gene 
(that was under positive selection in this area) or because of 
the new phenotype (8-thalassemia with high fetal hemoglo- 
bin) may have conferred a selective advantage (relative to 
the normal and possibly also to the 8-thalassemic population) 
to the carriers. 


Heterozygous Sardinian 68°-thalassemic patients exhibit, 
in addition to 6°-thalassemia, normal or slightly decreased 
Hb A, levels, contrasting with the increased Hb A; level 
commonly observed in 8-thalassemic heterozygotes. This 
finding may suggest the coexistence of a 4-thalassemic 
mutation; however, it has been observed that the expression 
of 6 and 8 globin genes in cis to the -196 and —202 HPFH 
mutations is decreased, although direct determination of the 
nucleotide sequence of the 8 globin gene in Southern Italian 
^y HPFH” and functional tests in °y HPFH* indicate 
normality of the 8 globin genes. These data suggest that the 
decreased activity of 8 and 4 globin genes in the latter 
syndromes (and of the ô globin gene in Sardinian 68°- 
thalassemia) may be secondary effects somehow related to 
the hyperactivity of the mutated y globin gene in cis. 
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Development of T3/T Cell Receptor Gene Expression in Human Pre-T Neoplasms 


By Stefania Pittaluga, Michael Uppenkamp, and Jeffrey Cossman 


Acquisition of mature T cell function and the T cell antigen 
receptor repertoire occur in the thymus. In an effort to 
delineate the cascade of events leading to T cell matura- 
tion, we analyzed a series of clonal human precursor T cell 
neoplasms representing early, middle, and late stages of 
intrathymic differentiation. Rearrangements of the T cell 
receptor B and y genes appear concurrently and are 
preceded by surface expression of the 3A1 (CD7) molecule. 
Subsequent transcription of the 8 gene is coordinated with 


NTRATHYMIC f cell differentiation involves a multi- 
step pathway featuring the rearrangement and transcrip- 
tional activation of genes encoding antigen recognition. Prior 
to expression of the cell surface membrane T cell antigen 
receptor (TCR),' genes encoding their a (T,) and 8 (Ta) 
subunits must undergo successful variable region rearrange- 
ment, and their translational products combine with the 
multichain protein, T3.''' Independent investigations of 
murine and human immature T cells implicate a hierarchy of 
events in which transcription of the T; gene occurs early, 
persists throughout thymocyte development, and precedes 
the onset of T, gene transcription.’”"* Transcripts of a third 
rearranging gene, T,,’*”* have been detected in fetal murine 
thymocytes, approximately coincident with the appearance 
of Tg mRNA, but, except for some murine cytotoxic T cells, 
remain for only a brief time." 

An ontogenic hierarchy of TCR a, 8, and y gene rear- 
rangements analogous to immunoglobulin heavy, x, and A 
genes”? might be suspected. but little information exists in 
this regard. Both T, and T, genes rearrange early in thymic 
development,'*”) but the ontogeny of T, gene rearrange- 
ments has not yet been determined because murine and 
human J, regions are too large (~35 kilobase [kb]) for 
conventional restriction fragment analysis. With regard 
to T3, immunoreactive T3 protein appears to accumulate in 
the cytoplasm before surface expression when assayed in 
normal and neoplastic T cells.” 

In addition to the development of antigen receptors, 
maturing thymocytes express a series of differentiation 
stage-related surface molecules, detectable with monoclonal! 
antibodies, eg, T6 (CD1), T11 (CD2), TI (CD5), and 3A1 
(CD7) markers, which are useful for defining selected stages 
of early T cell differentiation.” Although the role of these 
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surface expression of T1 (CD5) and T11 (CD2), tran- 
scription of T36 mRNA, and the appearance of intracellular 
T3 (CD3) protein. As late events, Ta gene transcripts 
appear and, finally, T3, the multichain complex linked to 
the T cell receptor, is presented on the cell surface. 
Findings reported here provide a model of the develop- 
mental orchestration of genes encoding antigen recogni- 
tion in human T cells. 

® 1987 by Grune & Stratton, Inc. 


cell surface molecules in T cell development is not known, 
some cell surface molecules apparently are coordinately 
expressed with the TCR-T3 developmental cascade. For 
example, cell surface expression of 3A1 (CD7) can be found 
in neoplastic precursor T cells prior to Ty gene rearrange- 
ment,” whereas other T cell-associated surface molecules 
generally appear only after Ta rearrangements occur. 

To determine the sequence of rearrangement and tran- 
scription of the TCR,, 8, and y genes in humans, we 
investigated a series of human precursor T cell neoplasms 
representing early, middle, and late stages of thymocyte 
differentiation. These studies revealed a hierarchy of rear- 
rangement and expression of TCR genes synchronous with 
changing surface marker profiles and expression of the T3 
complex. Analysis of pre-T neoplasms suggests a model of 
successively expressed genes coordinated with development 
of the TCR mechanism. 


MATERIALS AND METHODS 


Cells. T lymphoblastic neoplasms were classified by conven- 
tional microscopy as either acute lymphoblastic leukemia or lympho- 
blastic lymphoma and immunotyped as T cell lineage as described. 
Viable cell suspensions were used for cell surface marker study and 
DNA/RNA extraction. T acute 'ymphoblastic leukemia cell lines, 
provided by the American Type Culture Collection (Rockville, MD) 
included CEM, 8402, Molt-4, and Jurkat. 

Cell surface phenotyping. Viable cells were treated with mono- 
clonal antibodies and analyzed by indirect immunofluorescence in a 
fluorescence-activated cell sorter (FACS IH, Becton Dickinson, 
Sunnyvale, CA) as described.” Cytoplasmic staining of T3 was 
performed on acetone-fixed cytocentrifuge preparations with an 
avidin-biotin complex immunoperoxidase detection technique as 
previously outlined.” 

DNA/RNA analysis. High-molecular-weight DNA was ex- 
tracted from lymphoid cells and digested to completion with the 
appropriate restriction endonuclease (BamHI, EcoRI, Hind Il, and 
Bc!l-\ from Biolab, New England Nuclear, Beverly, MA), size- 
fractionated by electrophoresis in agarose gels, and transferred to 
nylon paper (Gene Screen Plus, Dupont, New England Nuclear)? 
The blots were hybridized with random-primed “P-labeled DNA 
probes at specific activities of 300 to 600 cpm/pg. The following 
probes were used: a subcloned constant region of the 8 chain 
(Aval-Pst! fragment of cDNA ¥T35 provided by T. W. Mak’), a 
full-length cDNA of T, (PY14 provided by T. W. Mak‘), and a 
genomic fragment including the J, region of the human T, gene 
(Hindill-EcoRI fragment of M13H60 provided by T. Rabbitts.?"4) 
Blots were autoradiographed following bigh-stringency washes. 

Total cellular RNA was isolated by ultracentrifugation on a 
guanidinium isothiocyanate/CsC!, gradient.” Twenty micrograms 
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of total RNA was subjected to electrophoresis through 1% agarose / 
formaldehyde denaturing gels and was transferred to nylon filters. 
Hybridization was carried out with probes described above and also 
with a human T3, cDNA” provided by C. Terhorst, Harvard 
Medical School. High-stringency washes were carried out at 50°C in 
0.1X SSC for 15 minutes, and blots were autoradiographed by 
standard techniques. 


RESULTS 


Phenotyping. All samples were unreactive with all B cell 
markers and expressed one or more T cell markers (Table 1). 
Each strongly reacted with 3A1 (CD7), but other T cell 
markers were selectively expressed in these early T cell 
neoplasms. For example, T11 (CD2) was negative in 2 cases 
(1 and 3) which alternatively expressed T] (CDS); T6 
(CDI), a marker expressed by cortical thymocytes, was 
unreactive in 5 of 10 samples (1, 2, CEM, 8402, HSB); and 
surface T3 (CD3) was positive in only 2 of 10 samples. In 
contrast, intracellular T3 was detectable in all but 3 cases (1, 
2, and 3) and displayed a combined nuclear membrane and 
cytoplasmic distribution (Fig 1). 

DNA rearrangements. Ta gene rearrangements were 
demonstrated in three of five primary cases and in all cell 
lines. Cases | and 2 displayed only germline configurations 
of the T, genes when analyzed with three different restriction 
enzymes (BamH1, EcoRI, and HindIll), as previously 
reported.” T; gene rearrangements involved a single allele 
(cases 3, 5, and Jurkat) or both alleles (in all cell lines) and, 
in one exceptional situation, three nongermline T, bands and 
deletion of the germline band (case 4). This latter feature 
was confirmed by analysis with all three restriction endonu- 
cleases. By cytogenetic analysis, case 4 exhibited trisomy of 
chromosome 7, which carries the T; locus at band 7435": 
thus, the three nongermline bands are most likely a conse- 
quence of rearrangements of each T, gene in this cell. 

Rearrangements of the T, gene were detected in all cases 
and cell lines, except for cases | and 2 (Table 1, Fig 2). Thus, 
the presence or absence of T, and T; gene rearrangements 
coincided in each sample tested. Case 4, which harbored a 
trisomy of chromosome 7, showed three different rearrange- 
ments of the T, gene, as it did for T,. Presumably, the three 
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Fig 1. 


Intracellular T3 (cT3). Cytocentrifuge preparations 
were immunostained by an avidin-biotin peroxidase complex 
detection system using Leu4 as the primary antibody. In this 
example Jurkat cells display dense, intracytoplasmic, perinuclear 
reaction product. In many cells the nuclear membrane also 


appears to be stained. (Original magnification, «600; current 


magnification x 570.) 


nongermline bands are due to three copies of the T, gene, 
located at chromosome 7p1 5.” 

T, gene rearrangements were undetected in many cases, 
including cases | and 2, despite digestion with several 
restriction enzymes (Fig 3). Lack of nongermline bands 
might be due to either unrearranged T, genes or to the 
unusually large size of the T, genome.” We were able to 
identify a T, rearrangement in Jurkat and a deletion of a T, 
band in Molt-4. 

mRNA transcription. Ta mRNA was detectable in each 
sample (Fig 4) except cases 1 and 2, which contained 
germline T; genes. Case 3, with an early phenotype (3A1 +., 
TI1—, Tl+) but a rearranged T, gene, showed only the 
incomplete or “immature” 1.0-kb T, message, presumably 
transcribed from a C, gene that had not combined to variable 


Table 1. Phenotyping of Samples 

















3A1 T1 T11 T6 cT3 sT3 Ts Ta h 13. 
Celis (C07) (CD5) (CD2) (CD14) (CD3) (CD3) DNA RNA DNA RNA DNA RNA 
Case 1 + t G — G — G 
Case 2 $ + G — G — G 
Case 3 + ` + - R 1.0 G — R 0.7 
Case 4 + + + + RRR 1:3 G = RRR 0.7 
Case 5 + + 4 + + + R 1.0, 1.3 G 1.3, 1.5 RR 0.7 
CEM + t + - + ~ RR 1.3 G — RR 0.7 
8402 - t + - + RR 1.3 G — RR 0.7 
HSB + + + + RR 1.3 G RR 0.7 
Molt-4 + + + 4 + - RR 1.3 GD — RR 0.7 
Jurkat } + } + + RR 1.0, 1.3 R 1.3, 1.5 RR 0.7 





>50% of cells stained: 
detected; MRNA sizes are given in kilobases. 


. <20% of cells stained; cT3, intracellular T3; sT3, surface T3; G, germline; R, rearranged; D, deleted 


none 
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Fig 2. T, gene rearrangements. Genomic DNA was digested 
with the indicated enzyme, size separated in agarose gels, and 
analyzed on Southern blots with the J, probe. Lanes are numbered 
according to the case number, C represents a germline (unrear- 
ranged) control, and the germline bands are indicated with dashes 
adjacent to the gel. No rearrangements were detected in either 
case 1 or 2 when digested with both enzymes BamHI or EcoRI. 
Rearrangements were detected in all other cases; for example, 
two rearrangements were seen in an EcoRI digest of case 3, and 
three rearrangements were present in a BamHI digest of case 4. 


C 1 2 S$ f 2 


ay ap 
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Fig3. Southern blot analysis of the T, gene. Despite digestion 
with two different restriction enzymes, BamHI and Hindili, both 
cases 1 and 2 showed the same restriction fragment as the 
germline control (C). 
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Fig 4. Northern blot analysis of 8. a, and T35 mRNA. Lane 
numbers refer to the individual case numbers, and mRNA sizes are 
given in kilobases (kb) on left. 8 Transcripts were detected in all 
samples except cases 1 and 2. Both the 1.3-kb and 1.0-kb message 
sizes could be detected in several cases. T} transcripts were 
detected in normal thymus, case 5, and in the Jurkat cell line. No 
transcripts were seen in either cases 3 or 4, and the extremely 
faint band in case 2 appearing after prolonged exposure is most 
likely attributable to a small percentage of normal T cells (~7%) 
contaminating this sample. T3ô mRNA was found in varying 
abundancy im most cases but was not detected in cases 1 or 2 


sequences,*’ Both mature (1.3 kb) and immature (1.0 kb) T, 
messages were simultaneously present in case 5 and in 
Jurkat. 

Ta MRNA was detectable only in case 5 and in Jurkat and. 
in each of these leukemias, both the incomplete (1.3 kb) and 
mature (1.5 kb) messages were transcribed (Fig 4). These 
two T cell neoplasms containing T, transcripts, case 5 and 
Jurkat, were also the only cells with surface T3 expression, 
T, mRNA was not detected in any samples tested. 

T36 transcripts 700 base pairs (bp) in length were detected 
in all samples except cases | and 2, which were also the same 
leukemias devoid of detectable intracellular and surface T3 
protein (Fig 4). Intracellular T3 protein and T3 MRNA were 
simultaneously present in all other samples. 
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DISCUSSION 


T lymphoblastic leukemias and lymphomas are relatively 
uniform clones considered to be arrested at intrathymic 
stages of differentiation; they generally reflect the pheno- 
typically characterized compartments of early T cell ontoge- 
ny.” Together, lymphoblastic malignancies of T and B cell 
lineage represent neoplasms of lymphocyte precursors and 
thereby serve as models for the evaluation of lymphocyte 
development, '?!476303133-3542 The understanding of the devel- 
opment of immature thymocytes into mature, functional T 
cells has been expanded by analysis of precursor T cell 
neoplasms obtained from either patient tissue??? or cell 
lines. 40 Direct comparisons of neoplastic cells to normal 
cell differentiation, however, must take into consideration 
properties of the malignant cells, such as aberrant gene 
expression and potential instability of phenotype during cell 
culture. In the present study, we analyzed primary cases and 
well-characterized cell lines which, collectively, span the 
phenotypic range of early T cell development. 

Precursor T cell neoplasms presented here encompass a 
spectrum of intrathymic T cell development ranging from 
primitive cells, whose antigen receptor genes were retained in 
the germline configuration, to cells with rearranged and 
transcribed antigen receptor genes and a nearly mature T 
cell phenotype. Associated with developments in antigen 
receplor gene recombination and expression was the sequen- 
tial appearance of T cell-associated markers. By analyzing 
each of these critical features in individual precursor T cell 
clones, we have begun to piece together the coordination of 
events in the T cell developmental process. 

The earliest identifiable stage, analogous to the murine 
“prothymocyte.”!? was surface expression of 3A! (CD7), in 
association with either TI or T11, in cells whose TCR genes 
were retained in the germline form. Neither T” nor T, gene 
rearrangements were demonstrable at this stage (cases | and 
2) despite digestion with several restriction enzymes, and 
neither gene was apparently transcribed. Lack of nongerm- 
line T, genes in these cases does not preclude the presence of 
T, rearrangements because of the difficulty inherent in 
detection of gene rearrangements at this locus. T, gene 
rearrangement, however, in the absence of rearrangement of 
T, and T, genes, is unprecedented, and absence of T, mRNA 
suggests that T, genes might not yet be rearranged in cases | 
and 2. Further indication of immaturity in cases | and 2 are 
the lack of expression of T6, the cortical thymocyte marker, 
and the absence of intracellular as well as surface T3. 
Alternatively, it could be argued that such primitive cells are 
not committed to T cell differentiation. These lymphoid cells 
show no evidence of B cell commitment, however, since they 
lack B cell markers.’ have germline immunoglobulin 
genes,” and the 3A1 +, T] +, and 3A1+, TI1+ phenotypes 
are not found in B lineage neoplasms.” * 

T, rearrangement occurs early in thymocyte differentia- 
tion and most precursor T cell neoplasms have similarly 
undergone such rearrangements. Rearrangements may 
involve one or both alleles and, in one exceptional case 
reported here, trisomy of chromosome 7 apparently provided 
for rearrangement of three T; and three T, alleles. In early 
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stages, T, transcripts are incomplete, and their 1.0-kb size 
results from a D-J-C transcript following D-J joining.” Case 
3 in the current study is characterized by transcription of the 
1.0-kb T mRNA without detectable complete (1.3 kb) 
transcripts. Its early thymocyte phenotype, 3A1+, TLl—, 
Ti+, T6+, cT3-. sT3-, and lack of T, transcripts are 
indicative of an early differentiation stage. As with Ty, it isin 
this cell that.we see the first evidence of T, gene rearrange- 
ment. Whether T, and T, genes rearrange concurrently in 
human cells cannot be ascertained by this analysis but, based 
on findings reported here, rearrangements of both genes 
apparently occur as early events in T cell differentiation. It is 
noteworthy that T, and T, genes were always simultaneously 
rearranged. 

As a subsequent step, full-sized 1.3-kb Ty mRNA was 
detected. The “mature” T, message was seen tn all five cell 
lines and in cases 4 and S. Provocatively, intracellular T3 was 
identified only when the 1.3-kb T, mRNA was detected, a 
finding that suggests the possible existence of a common 
factor(s) that might regulate the coordinated expression of 
T, and T3 genes. Intracellular T3 is known to appear early in 
thymocyte differentiation, prior to localization on the outer 
plasma membrane.” 

Surface expression of T3 was identified only in cases in 
which T, mRNA was detected. Two sizes of T, mRNA, 1.5 
and 1.3 kb, which likely represent complete and incomplete 
messages, respectively,’ were detectable in both case 5 and 
Jurkat. Lack of expression of surface T3 in the absence of T, 
transcription is consistent with obligatory production of a 
complete a-8 heterodimer, which is noncovalently linked to 
the T3 complex for surface membrane T3 to appear ^" 
Although T, mRNA was not observed in any of the leuke- 
mias analyzed, low abundancy message might not be demon- 
strable by use of a genomic J, probe. Further analysis with 
cDNA probes will be necessary to determine whether the T, 


TT (Ce) 


3A1 


T1, T11 





TG 
T-beta gene rearranged 
T-beta mRNA 
T-gamma gene rearranged 
Talpha mRNA 
T3-deita mRNA 


cT3 





fee Le 


Fig 5. Hierarchy of T3/T cell receptor development. Precur- 
sor T cell neoplasms can be roughly segregated inte three 
compartments—early, middie, and late. The phenotypic expres- 
sion of ceils within each compartment is shown along with the 
chronology of events beginning with rearrangement of T cell 
receptor genes and progressing to their transcription and, ulti- 
mately, to expression of the T3 molecular complex. 
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gene is transcriptionally active in these human pre-T neo- 
plasms. 

The picture that has emerged from the current analysis of 
precursor T cell neoplasms is a cascade beginning with 3A1 
expression, followed by TI and T11 expression, and T; and 
T, gene rearrangement; T, gene transcription, T3, gene 
transcription, and intracellular T3 accumulation; and, final- 
ly, T, transcription and the appearance of surface T3 (Fig 5). 
In ail, the elaboration of the antigen recognition function of 
T cells is shaped by regulated events within the thymus. It is 
tempting to speculate that regulation of antigen receptor 
development is mediated by surface molecules, such as 3A 1, 
Ti, and T11, which might serve as receptors for humoral or 
cellular factors present in the thymic microenvironment. In 
this regard, it is interesting to note that 3A1 appears on 
precursor ceils, “prothymocytes,” prior to entry into the 
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thymus, and perithymic mesenchyme expresses a moiety 
detectable with antibody 3A1. Analysis of the coordination 
of gene expression during T cell differentiation should pro- 
vide leads into the identification of regulatory molecules. 


ADDENDUM 


The ordered hierarchy of rearrangement and expression of 
genes of the T cell receptor-T3 complex outlined in the 
present investigation is consistent with recently reported 
studies of murine fetal thymocytes and human T cell 
leukemias.” 
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Identification of a Functional Role for Human Erythrocyte 
Sialoglycoproteins 6 and y 


By Marion E. Reid, Joel Anne Chasis, and Narla Mohandas 


Four distinct erythrocyte membrane sialoglycoproteins 
(SGPs) denoted a, 8, Y. and 5 have been described, but 
their functions have not yet been defined. Recent evidence 
suggests that several of these SGPs associate with mem- 
brane skeletal proteins. Because the membrane skeletal 
protein network plays an important role in regulating the 
membrane material properties of deformability and 
mechanical stability, we wanted to determine whether the 
SGPs, through their interaction with the membrane skele- 
ton, can modulate these membrane properties. We mea- 
sured membrane mechanical stability and membrane 


OUR DISTINCT erythrocyte membrane sialoglycopro- 
teins (SGPs) denoted a, 8, y and 6 carrying different 
blood group specificities have been described,’ but their role 
in regulating membrane function has not been defined. 
Recent evidence suggests that several of these SGPs asso- 
ciate with membrane skeletal proteins.” More specifically, 
both a and 8 SGP? have been shown to interact with protein 
4.1, and the interaction between a SGP and protein 4.1 may 
be modulated by phosphoinositides.’ Because the membrane 
skeletal protein network plays an important role in regulat- 
ing the membrane material properties of deformability and 
stability, we wanted to determine whether SGPs, through 
their interaction with the membrane skeleton, can modulate 
these membrane properties. We measured mechanical stabil- 
ity and membrane deformability of erythrocytes that were 
deficient in either « or ô or 8 and y SGPs. We found that only 
erythrocytes deficient in 8 and y SGPs exhibited decreased 
mechanical stability and deformability, whereas erythro- 
cytes deficient in either @ or 6 SGP had normal membrane 
mechanical properties. These data allow us to define a 
functionally important role for 8 and y SGPs, that of 
regulating membrane properties of deformability and stabil- 
ity, possibly through their interaction with components of the 
skeletal protein network. The data further raise the possibil- 
ity that membrane properties of other types of cells may be 
modulated by similar associations between cytoplasmic 
domains of transmembrane proteins and cytoskeletal ele- 
ments. 
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deformability of erythrocytes that were deficient in either 
a, or ô or 8 and y SGPs. Only erythrocytes deficient in 8 and 
y SGP hed altered membrane properties, as evidenced by 
marked decreases in both membrane mechanical stability 
(50% of normal) and membrane deformability (40% of 
normal). Erythrocytes deficient in either a or 6 SGP had 
normal deformability and stability. Based on these data, we 
suggest that an interaction of @ and/or y SGP with the 
membrane skeleton plays a functionally important role in 
regulating normal erythrocyte membrane properties. 

e 1987 by Grune & Stratton, Inc. 


MATERIALS AND METHODS 


After informed consent was obtained from subjects with various 
SGP protein deficiencies, blood samples were drawn into acid citrate 
dextrose and analyzed within 30 hours of collection. SGP-deficient 
samples tested were from the follewing patients: E.P. for the a SGP 
deficiency, A.T. and R.W. for 6 SGP deficiency and P.L.. J.C.. S.S., 
and T. L. for the 8 and y SGP deficiencies. 

Immunochemical and biochemical analysis. The absence of 
specific SGP was confirmed by immunochemical analysis of erythro- 
cyte membranes. Preparation of erythrocyte membranes, sodium 
dodecy! sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), 
periodic-acid Schiffs base (PAS) staining and immunoblotting were 
performed as described previousiy.°'° The monoclonal antibodies 
used for immunoblotting have been reported in detail“! In brief, 
LICR/R1.3 (R1.3) detects an epitope carried on the N terminus of 
both a and é SGPs,"' and NBTS/BRIC-10 (BRIC-19} recognizes an 
epitope on the N terminus of 8 SGP.° The polyacrylamide concen- 
tration was 3% for the stacking gel and 19% for the separating gel for 
PAS staining and Western immunoblotting and 3.5% to 17% nonlin- 
ear gradient gel for Coomassie brilliant blue staining. 

The relative concentration of various membrane proteins was 
determined by the pyridine eluticn method previously described." 
After destaining of Coomassie brilliant blue-stained SDS-PAGE 
gels, appropriate areas of gel corresponding to spectrin, band 3, 
protein 4.1, and actin were cut; the stain was eluted with pyridine 
and quantitated by measurement of absorbance at 605 nm. The 
relative concentration of skeletal protein was quantitated by deter- 
mining the absorbance ratios of spectrin, protein 4.1, and actin to 
band 3. 

To assess the state of spectrin self-association, noadenaturing 
PAGE was performed on spectrin extracted from normal and 
SGP-deficient membranes. >!* Spectrin was extracted by dialysis 
against hypotonic buffer (0.3 mmol/L. of Na phosphate, 0.1 mmol/L 
of EDTA and 0.1 mmol/L of phenyimethylsulfony! fluoride 
(PMSF) pH 8.0) at 4°C for 17 hours. The percentage of spectrin 
dimer (expressed as dimer/dimer plus tetramer) was determined by 
densitometric analysis of the nondenaturing gels, 

Membranz deformability and mechanical stability measure- 
ments. Resealed membranes for deformability and stability mea- 
surements were prepared by a procedure adopted from Johnson." 
Erythrocytes were washed three times in 5 mmol/L of Tris and 140 
mmol/L of NaCl (pH 7.4). The erythrocytes were then lysed in 40 
vol of 7 mmol/L of NaCl and 5 mmol/L of Tris (pH 7.4). The 
membranes were pelleted by centrifugation, resuspended in 10 vol of 
S mmol/L of Tris and 140 mmol/L of NaCl (pH 7.4), and incubated 
for 60 minutes at 37°C to promote resealing. 

To measure membrane stability, 100 al of resealed membranes 
pelleted by centrifugation was mixed with 3 mL of dextran (40,000 
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mol wt, 35 g/100 mL in 10 mmol/L of phosphate buffer, viscosity 95 
centipoise, pH 7.4), and subjected to a continuous applied shear 
stress of 750 dynes/cm? in the ektacytometer.'® Under this stress, the 
membranes progressively fragment, generating nondeformable 
spherical fragments. This process is detected as a time-dependent 
decrease in the deformability index (D1). The time required for the 
DI to fall to 50% of its maximum values is termed Ty and is a 
quantitative measure of membrane stability." 

The property of membrane deformability that determines the 
extent of membrane deformation that can be induced by a defined 
level of applied force was also measured by ektacytometry. For 
resealed membranes, the shear stress required to obtain a defined 
value of DI is determined by the property of membrane deformabili- 
ty, without contributions from either internal viscosity or cell 
volume.” A correlation exists between changes in deformability 
measured by this technique and those measured using the micropi- 
pette." To measure this property, 30 pL of rescaled ghosts were 
suspended in 3 mL of Stractan (22 cp viscosity, 290 mOsmol/kg, pH 
7.4). The ghosts were then subjected to a linearly increasing shear 
stress in the ektacytometer. The DI was measured as a function of 
applied shear stress. When DI is plotted on a linear scale and the 
shear stress is plotted on a log scale, a linear relationship exists 
between these two variables for normal membranes. For membranes 
with decreased deformability, the linear relationship still exists; 
however, there is a parallel displacement of the lines to higher values 
of shear stress. From the differences in shear stress values required to 
obtain equivalent Dls, a value for relative membrane deformability 
is derived. ™* 


RESULTS 


Erythrocytes deficient in a or 6 or 8 and y SGPs were 
obtained from individuals who had previously been identified 
as lacking these SGPs.*'**! The absence of specific SGP was 
confirmed by immunochemical analysis on erythrocytes 
from these donors. Figure | shows a representative example 
of each type of SGP deficiency. Coomassie brilliant blue 
staining of SDS polyacrylamide gradient gels showed that 
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membranes deficient in @ or 6 or 3 and y had the normal 
complement of skeletal proteins. PAS staining showed that 
membranes from E.P. were deficient in a SGP, membranes 
from A.T. were deficient in 6, and membranes from J.C. were 
deficient in 8. Immunoblotting with R 1.3 (a monoclonal 
antibody that reacts with a and ô SGPs) showed that « and 6 
SGP-deficient erythrocytes lacked all bands corresponding 
to these SGPs, whereas control and 8 and y-deficient 
erythroyctes had a normal complement of « and ô SGPs. 
Immunoblotting with another monoclonal antibody, BRIC- 
10 (an antibody with specificity for 8 SGP) showed that 8 
SGP was absent only in 8- and y-deficient membranes and 
was present in normal amounts in control, a-deficient, and 
6-deficient erythrocytes. 

The two key, but distinct, membrane material properties, 
mechanical stability and deformability, are regulated by the 
skeletal proteins spectrin, actin, and protein 4.1 and their 
interactions.'???* Qualitative defects of spectrin and quanti- 
tative deficiencies of spectrin or protein 4.1 content were 
previously shown to result in marked decreases in membrane 
mechanical stability.'® To define if deficiencies of various 
SGPs can also lead to altered membrane properties, the 
deformability and stability of resealed ghosts made from the 
SGP-deficient erythrocytes were measured using an ektacy- 
tometer.'*"* In this system, resealed ghosts are exposed to a 
constant value of applied shear stress. The rate at which the 
deformability of resealed membranes decreases as a result of 
membrane fragmentation is used to quantitate membrane 
stability (Fig 2). The decrease in DI as a function of time for 
resealed membranes prepared from erythrocytes lacking 
either a or 6 SGP was the same as that for control 
membranes, implying that these membranes had normal 
mechanical stability. On the other hand, membranes pre- 
pared from erythrocytes from all four individuals lacking 8 
and y SGPs fragmented at a much faster rate than normal 
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Immunochemical analysis of erythrocyte membranes. Coomassie brilliant blue-stained (lanes a through d), periodic-acid Schiff 


(PAS)-stained (lanes e through h), and Western blots (lanes i through p) of sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE) of sialoglycoprotein (SGP)-deficient membranes: results from a representative example of each type of SGP deficiency. 
Coomassie brilliant blue staining of SDS-polyacrylamide gradient gels showed that membranes deficient in a (lane b), 4 (lane c), or Ø (lane 
d) had the normal complement (lane a) of skeletal proteins. The only observed difference between the various samples and control 
membranes was the decreased mobility of band 3 in the a-deficient membranes. This phenomenon has been described previously and is 
due to an increase in size of the N-glycosidically linked oligosaccharide on band 3.*' The SGP components of these membrane preparations 
was determined following staining with PAS (lanes e through h). Membranes from E.P. were deficient in a SGP (lane f), membranes from 
A.T. were deficient in å SGP (lane g). and membranes from J.C. were deficient in 8 SGP (lane h). The PAS-stained gel also illustrates the 
increased glycosylation of band 3 in the a-deficient membranes. Immunoblotting with antibody BRIC-10 showed that § SGP is absent only 
in 8-deficient membranes (lane |). Normal complement of 8 SGP is present in control membranes (lane i) and membranes from 
erythrocytes lacking a or 5 SGP (lanes j and k). Immunoblotting with the R1.3 shows that a SGP-deficient erythrocytes lack bands 
corresponding to monomeric a, dimeric a, and the heterodimer of a and 4 (lane n). Membranes from erythrocytes deficient in ô SGP lack 
monomeric å, dimeric ô, and the heterodimer of a and å (lane o). The a and 6 SGP content was normal in control erythrocytes (lane m) and in 
the §-deficient erythrocytes (lane p). 
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membranes. The mechanical stability of these membranes 
was only 50% of normal (range 42% to 62%). 

The property of membrane deformability determines the 
extent of membrane deformation that can be induced by a 
defined level of applied force. A value for relative membrane 
deformability of erythrocytes is derived by comparing the 
values of applied shear stress required in the ektacytometer 
to obtain equivalent membrane deformation for various 
resealed ghost preparations. As shown in Fig 3, membranes 
that lacked œ or ô SGP underwent the same extent of 
membrane deformation as did control membranes at equiva- 
lent values of applied shear stress. This implies that in 
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Fig 2. Membrane stability of sialoglycoprotein (SGP)- 
deficient erythrocytes. The deformability index of erythro- 
cyte membranes deficient in 8 and y SGPs decreased more 
rapidly with time when exposed to constant shear stress (—} 
when compared with norma! erythrocyte membranes 
(shaded area), implying decreased mechanica! stability. In 
contrast, the rate of decline of deformability index of erythro- 
cyte membranes deficient in a SGP (---) and ô SGP (---) was 
normal, implying that these membranes had normal mechani- 
cal stability. a SGP-deficient membranes were tested on 
three different occasions and yielded similar results. 
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addition to having normal mechanical stability, these mem- 
branes were also normally deformable. In contrast, mem- 
branes lacking 8 and y SGPs required higher levels of 
applied shear stress than did control membranes to reach 
equivalent membrane deformation, implying that these 
membranes have decreased membrane deformability. The 
membrane deformability of @-deficient and y SGP-deficient 
erythrocytes from the four individuals was, on the average, 
only 40% of normal (range 27% to 46%). 

in addition to these alterations in membrane properties, 
the 8 and y SGP-deficient erythrocytes were elliptocytic, an 
abnormality that has been described previously.*” In con- 
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Membrane deformability of sialoglycoprotein (SGP)-deficient erythrocytes. Erythrocyte membranes deficient in 8 and y SGPs 


required significantly higher values of applied shear stress (—) as compared with normal membranes {shaded area) to reach equivalent 
deformation. The lines are parallel; thus, 8 and y SGP-deficient membranes required 2.5-fold higher shear stress than did normal 
membranes to reach equivalent deformation at all points along the curve. indicating that the membranes had 0.4 times normal 
deformability. In contrast, a SGP-deficient (-.-) and 6 SGP-deficient (---) membranes required the same shear stress as normal membranes 
to reach equivalent deformation, implying normal membrane deformability. a SGP-deficient membranes were tested on three different 


occasions and yieided similar results. 


ERYTHROCYTE SIALOGLYCOPROTEINS 8 AND y 


trast, erythrocytes lacking a or ô or both a and ô had normal 
discoid morphology.” Decreased membrane stability and 
deformability in conjunction with elliptocytic morphology 
have previously been documented in hereditary elliptocytosis 
as a consequence of primary skeletal protein defects. In these 
cases, defective oligomerization of spectrin resulting from 
qualitative defects in a-spectrin, as well as protein 4.1 
deficiency have been identified as responsible for the mem- 
brane abnormalities.°2”"'? To rule out the possibility that 
similar skeletal protein abnormalities were involved in the 
altered properties of the 8 and y SGP-deficient erythrocytes, 
we measured the spectrin and protein 4.1 content of these 
membranes as well as the state of spectrin oligomerization in 
the membrane. The ratios of both spectrin and protein 4.1 to 
band 3 were normal (spectrin to band 3, 0.95-1.05, and 
protein 4.1 to band 3, 0.9-1.05). In addition, the ratio of 
spectrin dimers to dimers plus tetramers in the membranes 
from two unrelated 8 and y SGP-deficient individuals was 
within normal limits (P.L. 3.5%, S.S. 4.4%, normal range 
2.0% to 5.4%), a result consistent with normal spectrin 
self-association.'*'* Thus, the membrane and morphological 
abnormalities we describe are primarily due to the SGP 
deficiency and not to any of the skeletal protein alterations 
previously identified. 


DISCUSSION 


The data from the present study allow us to define an 
important functional role for SGP 8 and y in erythrocytes, 
that of regulating membrane physical properties. Because 
deformability and stability are largely determined by the 
membrane skeleton, the data further imply that regulation of 
membrane properties by SGP 8 and y may occur through the 
interaction of these SGPs with the membrane skeletal net- 
work. Experimental evidence to support such an interaction 
has been previously reported by several investigators**”* 
and, more specifically, it appears that SGP 8 interacts with 
the protein 4.1 component of the membrane skeleton.** In 
vitro studies have also shown interaction between SGP a and 
protein 4.1, but this interaction does not appear to regu- 
late either membrane deformability or stability since eryth- 
rocytes deficient in this major SGP have normal membrane 
properties. This raises the possibility that although SGP a 
has the potential to interact with protein 4.1, this interaction 
may not occur in normal erythrocyte membranes. Support 
for such a suggestion comes from recent experimental evi- 
dence which has shown that although SGP a can be removed 
readily and totally from normal membranes by detergent 
extraction, binding of specific ligands to SGP a induces the 
association of this SGP with the membrane skeleton and a 
concomitant decrease in membrane deformability.” Thus, it 
appears that while SGP @ is normally associated with the 
membrane skeleton and plays a physiologically important 
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role in regulating membrane properties, the interaction of 
SGP a with skeletal proteins is regulated by ligand binding 
or by changes in phospholipid metabolism.*” 

8 and y SGP-deficient erythroyctes were previously 
reported to be resistant to invasion by Plasmodium falcipa- 
rum.” The present data suggest that the decreased mem- 
brane deformability that we identified may play a role in this 
resistance. Precedence for this suggestion is indicated by the 
close relationship between decreased membrane deformabil- 
ity and decreased malarial parasite invasion previously docu- 
mented in ovalocytes.**** 

The state of spectrin self-association and spectrin~actin— 
protein 4.1 interaction were previously shown to play a key 
role in regulating membrane mechanical stability. 77 
Decreased membrane stability in conjunction with ellipto- 
cytic morphology has previously been documented in heredi- 
tary elliptocytosis due to primary skeletal protein defects 
that affect these two protein associations, Defective spectrin 
oligomerization as a result of a number of qualitative defects 
in a-spectrin, as well as quantitative protein 4.1 deficiency 
are the two common causes of decreased membrane stability. 
Our finding of the normal state of spectrin oligomerization 
and normal membrane content of protein 4.1 rule out the 
possibility that the decreased membrane stability of 8 and y 
SGP-deficient cells could have resulted from primary skele- 
tal protein defects. What is more important, these data allow 
us to identify yet another membrane protein association 
important in regulating membrane mechanical properties, 
the association of the cytoplasmic domain of a transmem- 
brane protein with skeletal proteins. Because proteins analo- 
gous to erythrocyte protein 4.1 have been identified in 
various nonerythroid cells,’ the present findings raise the 
possibility that the membrane physical properties of these 
cells may also be regulated by similar association between 
cytoplasmic domains of transmembrane proteins and compo- 
nents of the membrane skeleton. 
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Studies on the Ultrastructure of Fibrin Lacking Fibrinopeptide B (8-Fibrin) 


By M.W. Mosesson, J.P. DiOrio, M.F. Muller,* J.R. Shainoff, + K.R. Siebenlist, D.L. Amrani, 
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Release of fibrinopeptide B from fibrinogen by copperhead 
venom procoagulant enzyme results in a form of fibrin 
(8-fibrin) with weaker self-aggregation characteristics 
than the normal product (a@-fibrin) produced by release of 
fibrinopeptides A (FPA) and B (FPB) by thrombin. We 
investigated the ultrastructure of these two types of fibrin 
as well as that of 6-fibrin prepared from fibrinogen Metz 
(Aa16 Arg—Cys), a homozygous dysfibrinogenemic 
mutant that does not release FPA. At 14°C and physiologic 
solvent conditions (0.15 mol/L of NaCl, 0.015 mol/L of Tris 
buffer pH 7.4), the turbidity (350 nm) of rapidly polymeriz- 
ing af-fibrin (thrombin 1 to 2 U/mL) plateaued in <6 min 
and formed a ‘‘coarse”’ matrix consisting of anastomosing 
fiber bundles (mean diameter 92 nm). More slowly poly- 
merizing a@-fibrin (thrombin 0.01 and 0.001 U/mL) sur- 
passed this turbidity after =60 minutes and concomitantly 
developed a network of thicker fiber bundles (mean diame- 
ters 118 and 186 nm, respectively). Such matrices also 
contained networks of highly branched, twisting, “fine” 
fibrils (fiber diameters 7 to 30 nm) that are usually charac- 
teristic of matrices formed at high ionic strength and pH. 


HROMBIN-CATALYZED fibrin formation begins 
with the release of fibrinopeptide A (FPA) from the 
amino terminus of the Aa chains of fibrinogen’? and is 
accompanied by the slower release of fibrinopeptide B (FPB) 
from Bø chains. Reptilase, a snake venom enzyme from 
Bothrops atrox, removes only FPA,.** release of which is 
sufficient for fibrin polymerization (@-fibrin) to occur.”” 
Mature fibrin clots evidently assemble from a network of 
thin protofibrils that subsequently, under physiologic solvent 
conditions, undergo lateral aggregation, causing increased 
fiber thickness.'*!? Since 1947, two extreme forms of three- 
dimensional fibrin networks, namely “fine” and “coarse,” 
have been recognized. The fine gel structure can be 
produced at high ionic strength and pH, is translucent and 
friable, and consists of a network of thin, highly branched, 
twisting fibers.'* The coarse gel structure, which forms at or 
below physiologic ionic strength and pH, is opaque and easily 
synerized. Owing to a strong tendency for lateral association 
under such conditions, these matrices are characterized by 
thick fiber bundles, the thicknesses of which are reflected by 
turbidity measurements'’®'*!*'* and determined in part by 
the kinetics of fiber growth.''"?'*? That is, slowly forming 
clots at physiologic pH and ionic strength tend to develop 
thicker fiber bundles than do more rapidly forming 
clots. 121° 
Some investigators’?**"! have suggested that FPB release 
is essential for lateral fiber growth. Other studies, however, 
indicate that this is not the case,'°'''®???? since reptilase 
cleavage of FPA to form a-fibrin results in a coarse matrix 
whose cables are only moderately narrower than those 
formed by aB-fibrin.’*!'”? The light scattering studies of 
Müller and co-workers™ also indicated that a-fibrin and 
aß-fibria were similar with respect to branching tendency 
and lateral aggregation. Thus, although FPB release is not 
strictly required for gelation or for lateral aggregation, its 
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Slowly polymerizing 6-fibrin, like slowly polymerizing ag- 
fibrin, displayed considerable quantities of fine matrix in 
addition to an underlying thick cable network (mean fiber 
diameter 135 nm), whereas rapidly polymerizing -fibrin 
monomer was comprised almost exclusively of wide, 
poorly anastomosed, striated cables (mean diameter 212 
nm). Metz §-fibrin clots were more fragile than those of 
normal -fibrin and were comprised almost entirely of a 
fine network. Metz fibrin could be induced, however, to 
form thick fiber bundles (mean diameter 76 nm) in the 
presence of albumin at a concentration (500 j:mol/L) in the 
physiologic range and resembled a Metz plasma fibrin clot 
in that regard. The diminished capacity of Metz 8-fibrin to 
form thick fiber bundles may be due to impaired use or 
occupancy of a polymerization site exposed by FPB release. 
Our results indicate that twisting fibrils are an inherent 
structural feature of all forms of assembling fibrin, and 
suggest that mature §-fibrin or af-fibrin clots develop 
from networks of thin fibrils that have the ability to 
coalesce to form thicker fiber bundles. 
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release may increase the rate and extent of lateral associa- 
tions.'%'6 In additon, fiber slippage is reduced, fiber stiff- 
ness is increased, and branch points in af-fibrin fibers are 
probably reinforced by noncovalent bonding correlating with 
FPB release.'*245 Mihalyi and Donovan” recently provided 
calorimetric data indicating that noncovalent interactions of 
the fibrin(ogen) D domains are enhanced by removal of 
FPB. 

Preferential release of fibrinopeptide B by copperhead 
venom procoagulant enzyme (CVE)”’ is sufficient to cause 
normal fibrinogen to polymerize.” Based on their gross 
appearance, these clots tend to be fine at temperatures 
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<25°C and are readily dissociated at 37°C.” Judging from 
light scattering measurements on fibrin clots formed at 20°C 
and 37°C, it apears that selective cleavage of FPB at low 
enzyme concentrations results in the highest branching den- 
sity and the lowest degree of lateral aggregation.” 

In this study, we used electron microscopy to investigate 
the three-dimensional structure of §-fibrin formed from 
normal fibrinogen and from the homozygous congenital 
fibrinogen abnormality known as fibrinogen Metz (Ac Arg 
16 —+ Cys). To preserve the structures of these fragile 
fibrin clots, we prepared our material using the critical point 
drying technique”? as recently used for the study of fine fibrin 
matrices." 


MATERIALS AND METHODS 


Normal fibrinogen fraction I-2 (95% coagulable) and fibrinogen 
Metz fraction 1-2 were purified from citrated plasma by the method 
of Blombäck and Blombiick.“ In some experiments, chromatograph- 
ically purified normal peak | fibrinogen*’ was used. As assessed by 
the position of the fibrinogen band in NaDodSO,-polyacrylamide gel 
electrophoresis (PAGE) (5% acrylamide).*“” unreduced fibrinogen 
Metz molecules were devoid of polymeric forms and the preparation 
was ~95% pure. 

Sulfhydryl titrations of various fibrinogen preparations were 
carried out either with Ellman’s reagent, 5,5'-dithiobis (2-nitroben- 
zoic acid) (DTNB).” or with °H- or C-iodoacetic acid (specific 
activities 140 mCi/mmol and 11.1 mCi/mmol, respectively). After 
reaction with the iodoacetate, samples were extensively dialyzed, 
dissolved in 10 mL of Aquasol-2 liquid scintillation cocktail (New 
England Nuclear, Boston), and radioactivity was subsequently 
determined in a Packard model 2425 spectrometer. 

Freeze-dried human thrombin (H-1), a gift from Dr D. L. 
Aronson, was reconstituted in H,O and stored frozen at a concentra- 
tion of 100 U/mL. CVE was prepared as described by Herzig and 
co-workers” and had an activity of 33 TAME (Na-p-tosyl-L- 
arginine methyl ester) U/mL. Common chemicals were of reagent 
grade. 

Fibrinogen samples for fibrinopeptide analyses were brought to a 
final concentration of 5 mg/mL in a buffer of 0.15 mol/L NaCl, 
0.01 mol/L of Tris pH 7.2 + 0.1, and incubated in small glass tubes 
after the addition of thrombin or CVE. Release of FPA and/or FPB 
from fibrinogen was measured after overnight incubation using the 
high-performance liquid chromatography (HPLC) chromato- 
graphic system described by Kehl and Henschen.” Specifically, the 
fibrinopeptides were analyzed with a Varian model 5040 HPLC 
apparatus on an Ultrasil ODS reverse-phase column (25 cm x 4.6 
mm) (Rainin Instrument, Woburn, MA) using a linear gradient of 
acetonitrile (12% to 28%) buffered with 25 mmol/L of ammonium 
acetate pH 6.0. 

aß-Fibrin or 8-fibrin was prepared by addition of thrombin or 
CVE (0.66 or 0.13 U/mL), respectively, at 14 + 1°C, to normal 
fibrinogen, followed by overnight incubation at 14°C, Metz #-fibrin 
was generated at 14°C or 37°C by addition of CVE (0.66 U/mL) or 
thrombin (1 to 5 U/mL). In some cases, bovine serum albumin 
(BSA) (S00 umol/L, final concentration: Sigma Chemical, St 
Louis) or CaCl, {5 mmol/L), or both were included in the clotting 
mixture. 

HPLC determination of fibrinopeptides released from normal 
8-fibrin under these conditions revealed the expected presence of 
FPB and des-Arg FPB and <10% of the potentially available 
amount of FPA. Metz -fibrin showed only FPB and des-Arg FPB. 
For those batches of CVE that contained Aa chain degradative 
activity, tosyl lysine chloromethyl ketone (Sigma Chemical) 10~¢ 
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mol/L, final concentration, was added to the clotting mixture prior 
to CVE addition to block this activity. Turbidity measurements at 
350 nm on fibrin clots were carried out at 14 + 1°C in a Gilford 
model 240 spectrophotometer equipped with a jacketed specimen 
holder. 

Certain 8-fibrin specimens were subjected to gel-sieving chroma- 
tography at 37°C to separate @-fibrin from a minor aß-fibrin 
contaminant.” In brief, following the incubation period with CVE, 
the clot was overlaid with 1 mmol/L of phenylmethylsufony!- 
fluoride (PMSF) in buffer and incubated in the presence of this 
reagent for at least 2 hours. The fibrin was then dissociated by being 
warmed to 37°C, mixed with an equal volume of 0.3 mol/L of NaCl, 
0.03 mol/L of Tris buffer pH 7.4 » 0.1 PMSF 10°* mol/L, and 
gel-filtered at 37°C through a Sepharose 2B column equilibrated in 
this same buffer. Early eluting fractions containing the a@-fibrin 
contaminant were discarded, whereas fractions containing “?-fibrin 
monomer” eluting at a concentration above six-tenths of the 8-fibrin 
peak height were pooled and stored frozen at ~ 30°C at concentra- 
tions ranging from 400 to 800 ug/mL. For electron microscopy or 
turbidity measurements, aliquots of 8-fibrin monomer were thawed 
at 37°C for 30 minutes, diluted 1:1 with H,O, and then incubated at 
14°C for the desired amount of time. Preparations were monitored 
by NaDodSO,-PAGE**” to verify whether anticipated fibrinopep- 
tide cleavages had occurred and to determine if other proteolytic 
attack had occurred (eg, on Aa chains). 

Samples of purified fibrin for negative staining electron micros- 
copy were formed at 14 + 1°C as 50-uL drops (50 to 500 ng/mL) in 
a Petri dish that had been humidified with a moist sponge, incubated 
for 16 to 18 hours with thrombin or CVE, picked up on glow- 
discharged carbon films, and then negatively contrasted with 2% 
(wt/vol) uranyl sulfate. For processing by the critical point drying 
technique, clots were picked up on glow-discharged carbon-coated 
200-mesh copper grids, fixed with glutaraldehyde (2.5%, vol/vol) in 
0.1 mol/L of HEPES buffer pH 7.0, containing 0.2% (wt/vol) 
tannic acid, washed several times with H,O, stained with 0.5% 
(wt/vol) uranyl acetate, and washed again with H,0."* The speci- 
men was then dehydrated in graded ethanol solutions (20% to 100%, 
vol/vol) and CO, critical point dried? using a Tousimis model 780A 
critical point drying apparatus (Tousimis Scientific Instruments, 
Rockville, MD). 

Plasma fibrin clots were prepared from blood that had been drawn 
into a plastic syringe, immediately transferred to a centrifuge tube, 
and then centrifuged at 3,000 g for 3 to 5 minutes to remove cellular 
elements. The supernatant plasma was incubated overnight at room 
temperature, and the resulting clot was synerized, washed exten- 
sively with saline, and fixed overnight at 4°C in 2% (wt/vol) 
glutaraldehyde solution in 0.1 mol/L of phosphate buffer pH 7.2. 
Metz fibrin clots were also prepared without syneresis from purified 
Metz fibrinogen at 2 mg/mL. The fixed preparation was incubated 
for 90 minutes with 2% osmium tetroxide in 0.1 mol/L of phosphate 
buffer, dehydrated in graded ethanol solutions, and embedded in 
Spurr’s low-viscosity medium.” Thin sections were prepared using a 
diamond knife and a Reichert Ultracut ultramicrotome and stained 
with 5% aqueous uranyl acetate and Sato’s lead citrate solution.” 

Electron microscopy was performed with a Philips model 400 
transmission electron microscope at 60 to 120 kV or with the 
University of Wisconsin high-voltage (1,000 kV) electron micro- 
scope at Madison, WI. Stereo images were made at magnifications 
of 5,000x to 22,000x at tilt angles of 3° to 6°, 


RESULTS 


We prepared @-fibrin at 14°C to minimize cleavage of 
FPA by CVE,” and we used this same temperature for 
polymerization of other forms of fibrin. The standard way of 


8-FIBRIN ULTRASTRUCTURE 


processing fibrin for transmission electron microscopy 
(TEM) is to pick up a clot sample by passing a carbon-coated 
grid through a fibrin clot. The grid surface is washed 
subsequently with buffer and uranyl sulfate and then air 
dried. Samples processed in this way have been suitable for 
observing the structure of a normal coarse fibrin matrix’ 
and for characterizing the structure of certain abnormal 
fibrins such as fibrinogen Paris 1.“ The Metz clot structure 
and that of @-fibrin was so fragile, however, that at best we 
found discontinuous short strands and occasionally anasto- 
mosing fiber bundles and thin fibrils adherent to the underly- 
ing substrate. To preserve the three-dimensional structure of 
this type of clot, we processed the sample using the critical 
point drying procedure.”* This technique has been used for 
demonstrating previously unrecognized features of fine clot 
matrices. 

aß-Fibrin. Images of critical point dried, rapidly poly- 
merizing a-fibrin (thrombin, | U/mL) formed at 14°C 
under physiologic conditions (ie, I ~0.15, pH 7.4), revealed a 
coarse matrix consisting predominantly of twisted anasto- 
mosing cables (Fig 1A, Table 1). These cables showed 
typical cross-striations (~22 nm period) when viewed at a 
higher magnification than that shown in Fig | (data not 
shown).* 

Ata | 00-fold lower thrombin concentration (0.01 U/mL), 
the rate of fibrin polymerization was considerably slowed 
(Fig 3); nevertheless, the clot ultimately developed consider- 
ably greater turbidity than fibrin formed at 1 U/mL. These 
observations confirm studies indicating that slow rates of 
fibrin polymerization favor higher degrees of lateral aggre- 
gation (ie, thicker fiber bundles).'?"*?° At a thrombin con- 
centration of 0.001 U/mL, clot development proceeded even 
less rapidly than at 0.01 U/mL although the turbidity 
eventually exceeded that of rapidly polymerizing a@-fibrin. 
NaDodSO,-PAGE analysis of fibrin specimens taken at the 
time of fixation for critical point drying, indicated that 
complete FPA release had occurred in all cases, but that in 
the specimen prepared at a thrombin concentration of 0.001 / 
mL, only 50% of FPB had been released. 

Consistent with turbidity measurements, fibrin formed at 
0.01 U/mL or 0.001 U/mL revealed a network predomi- 
nantly composed of large anastomosing fiber bundles that 
tended to be thicker than those from rapidly polymerized 
aß-fibrin (Fig 1). In addition to the thick cable network, 
however, there was also a prominent network of thinner 
fibrils. This second type of matrix was most prominent at the 
lowest thrombin concentration (0.001 U/mL) and consisted 
of highly branched, twisting fibrils (Fig 4) that appeared to 
entrap and merge with large fiber bundles. The thick cables 
forming under this latter condition were composed of loosely 





*Beam penetration of the thick fiber bundles that form in rapidly 
polymerizing «,8-fibrin or other densely packed fibers at relatively 
low magnification (eg, 10,000 ) is poor using TEM even at 120 kV. 
Striations are readily observed in thin sections of such fibers, (eg. Fig 
2A), in critical point dried specimens at higher magnification (eg, 
20,000 x), or using higher voltages (eg, high-voltage electron micros- 
copy, HVEM) 
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packed fibrils (arrows, Fig 1C) and did not display the 
striations typical of more tightly packed bundles 

8-Fibrin, -Fibrin gels formed at 14°C can be disso- 
ciated by being warmed to 37°C, and the resulting 3 fibrin 
monomer can subsequently be polymerized by incubation at 
room temperature or below.*”? This process can be carried 
out repeatedly on material that has been inactivated with 
PMSF. Turbidity measurements on such a 3-fibrin monomer 
preparation (Fig. 5) indicated that the onset of polymeriza- 


Fig 1. 


Stereo images by transmission electron microscopy 
(TEM) of a8-fibrin (500 g/mL) prepared by incubation overnight 
at 14°C under ‘‘coarse clot” buffer conditions (0.15 mol/L of NaCl, 
0.015 mol/L of Tris buffer, pH 7.4) at the following thrombin 
concentrations: (A) 1 U/mL; (B) 0.01 U/mL; (C) 0.001 U/mL. Bar 
1,000 nm. The arrows in (C) indicate loosely packed fiber 
bundles. 
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Table 1. Fiber Diameter of Thick Fiber Bundles of «8-Fibrin and 8-Fibrin 





Fiber Diameter (nm) 
Concentration i= 








Preparation (ug/mL) ne Mean so Range 
&aß-Fibrin (thrombin, 2 U/mL) 50 36 83 +37 50-170 
&ß-Fibrin (thrombin, 1 U/mL) 500łt 89 92 +39 36-260 
&f-Fibrin (thrombin, 0.01 U/mL) 500 43 118 +59 35-256 
c3-Fibrin (thrombin, 0.001 U/mL) 500 36 186 +90 60-536 
B-Fibrin monomer 355 55 212 +80 40-520 
B-Fibrin (CVE, 0.66 U/mL) 500 36 87 +30 35-170 
B-Fibrin (CVE, 0.13 U/mL) 500 48 135 +73 35-421 


Metz 3-fibrin + albumin + Ca** 500 29 76 +32 39-194 





In matrices containing significant amounts of both ‘‘fine’’ and “coarse” networks, there appeared to be no sharp size transitions in the progression 
from thin fibers in the fine matrix (7 to 30 nm in diameter) toward thicker fibers approaching the mean values. For purposes of this analysis, we defined 
the diameter of a coarse fiber bundle as =35 nm 

*Number of fibers measured. 

Owing to the thickness of the clot in the critical point dried specimen, it seemed tenuous to assume that areas selected for fiber measurement were 
representative of the fiber population in the clot. For that reason, we also prepared thin sections of an imbedded specimen under these same conditions. 
The fiber diameter determined from this type of Specimen preparation was 92 + 26 nm, range 37-150 nm. SD and range of values were lower because 
we used only the minimum cross-sectional diameter of any given fiber to avoid including measurement of tangential or oblique sections of fibers in our 
calculations. 





Fig2. Comparison of the ultrastructure of a Metz plasma fibrin clot with Metz fibrin formed in the presence of albumin or Ca?’ or both 
(TEM). (A) Thin section of a normal plasma fibrin clot; (B) thin section of a Metz plasma clot; bar = 500 nm (A and B); (C) critical point dried 
specimen of Metz fibrin prepared in the presence of 5 mmol/L of CaCl,: (D) critical point dried specimen of Metz fibrin prepared with 
albumin 500 pmol/L and CaCl, 5 mmol/L; bar = 500 nm (A and B). Arrows (A and B) point to periodic striations that occur in thick fiber 
bundles. 


B-FIBRIN ULTRASTRUCTURE 


A350 nm 
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Fig 3. Turbidity measurements on &ĝf-fibrin. These experi- 
ments were carried out under the same conditions described in Fig 
1. Thrombin was added to a final concentration of 1 U/mL, 0.01 
U/mL, or 0.001 U/mL; absorbance (Aso nm) was monitored as a 
function of time. 


tion was more rapid than that of 8-fibrin formed by direct 
addition of CVE (Fig 6). The initial rate of turbidity rise of 
8-fibrin forming at the higher CVE concentration (0.66 
U/mL), however, was about the same as the value for 
B-fibrin monomer extrapolated to a concentration of 500 
ug/mL tie, 0.061/min v 0.065/min). Electron micrographs 
of the 8-fibrin monomer clot showed a network of twisting, 
occasionally anastomosing cables (Fig 7A). The mean fiber 
diameter was greater than in any other type of 8-fibrin or 
aß-fibrin matrix (Table 1). 

8-Fibrin produced by addition of CVE (Fig 7) formed a 
network of thick cables frequently displaying periodic stria- 
tions (see footnote, page 1075) typical of a-fibrin or ag- 
fibrin bundles. The fiber bundles in these networks, like the 
8-fibrin monomer network, anastomosed only occasionally 
relative to a@-fibrin clots. At the highest CVE level (0.66 
U/mL), the matrix revealed occasional areas of fine, fibrillar 
networks, usually bridging between thick cables (Fig 7B) or 
appearing to represent an unraveled or frayed portion of a 
thick fiber bundle. At a lower CVE level (0.13 U/mL), fiber 
bundles in the matrix were more loosely packed (Fig 7C, 
arrow) and wider than those formed at the higher CVE 
concentration. In addition to the predominant thick cable 
structure, this clot showed a considerable network of fine 
twisting fibrils (Fig 7C and Fig 4B). 

Metz B-fibrin. Metz §-fibrin is more transparent, less 
viscous, and more easily disrupted than normal §-fibrin. In 
contrast to normal, Metz §-fibrin formed by direct addition 
of thrombin or CVE at 14°C or that formed at 14°C from 
Metz #-fibrin monomer solutions (ie, first incubated with 
thrombin at 37°C), revealed a matrix comprised almost 
entirely of thin, twisting, and highly branched fibrils (Figs 
4C and 7D) that occasionally coalesced to form somewhat 
thicker, relatively short, uneven bundles. These observations 
are consistent with the very low turbidity recorded at 350 nm 
(Fig 6). 

To evaluate the type of Metz fibrin matrix formed in vivo, 
we prepared fibrin directly from native plasma and examined 
thin sections by electron microscopy (Fig 2). Normal fibrin 
yielded the expected thick, striated cables (Fig 2A, arrow), 
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Fig 4. Stereo images of fibrin specimens showing extensive 
fine fibril networks. (A) a8-fibrin (TEM); thrombin 0.001 U/mL; (B) 
8-fibrin (TEM); copperhead venom procoagulant enzyme 0.13 
U/ml; (C) thrombin-generated Metz ĝ-fibrin monomer (HVEM). 
Bar ~ 500 nm.) Arrows indicate a typical twisting thin fibril. 
Arrowhead (C) points to a relatively short fiber bundle within the 
predominantly thin fiber matrix. 


whereas Metz fibrin yielded loosely packed fiber bundles 
that frequently were sufficiently in register to yield a striated 
pattern (Fig 2B, arrow). Fibrin aggregation is well known to 
accelerate in plasma,** and this is due in part to effects 
related to the presence of albumin and lgG.*“ The acceler- 
ating effect is also accompanied by increased clot turbidity 
that is attributable, at least in part, to the presence of 
albumin or IgG, or both,’ and Ca?*.*** To provide an 
explanation for the more mature structure of Metz plasma 
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Fig 5. Turbidity measurements on §-fibrin monomer. Repoly- 
merization at 14°C under standard buffer conditions of B-fibrin 
monomer that had been dissociated at 37°C (——) or further 
processed after dissociation at 37°C by molecular exclusion chro- 
matography to remove af-fibrin contamination {---). The curves 
developed by chromatographically processed 8-fibrin. monomer 
are in register with those of unprocessed ß-fibrin monomer, 
suggesting that a small amount of af-fibrin contamination does 
not materially change the structure of the matrix that forms. 


fibrin relative to purified thrombin-generated or CVE-gener- 
ated Metz fibrin, we attempted to induce thick fibril forma- 
tion by allowing thrombin-generated Metz fibrin to polymer- 
ize in the presence of albumin (500 umol/L) or 5 mmol/L of 
CaCl, or both (Fig 6). Measurements in the presence of 
albumin showed increased turbidity developing slowly over 
several hours; this effect was even more marked when 5 
mmol/L of CaCl, was also present, although addition of 
CaCl, alone to Metz fibrin had little effect (Figs 6 and 2C). 
Examination and measurement of critical point dried fibrin 


CVE, 0.13 u/ mi 


CVE. 0.66 u/ mi 


A350 nm 


Metz + Aibumin + Ca” 


Metz + Aibumin 
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Fig6. Turbidity measurements on -fibrin (500 ng/mL). CVE 
additions, 0.66 or 0.13 U/mL. to normal fibrinogen at 14°C were 
made under the same buffer conditions described in Fig 1. Metz 
8-fibrin was incubated with thrombin (5 U/mL) at 14°C and 
allowed to polymerize under the following conditions: Metz + 
buffer; Metz + CaCl, 5 mmol/L; Metz + albumin, 500 pmol/L; 
Metz + albumin, 500 mol/L + CaCl, 5 mmol/L. 
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specimens confirmed that increased thick bundle formation 
had occurred in albumin-containing specimens (cf Fig 2C 
and 2D). The thick bundles. like the fine fibrils, had a 
tendency to twist, but periodic striations were not observed. 
As assessed by TEM of thin sections, thick fiber bundle 
formation could also be induced in Metz B-fibrin formed at a 
concentration approximating that in plasma (ie, 2 mg/mL) 
(data not shown). 

Sulfhydryl content. Gel electrophoretic analysis of 
fibrinogen Metz, as well as electron micrographs of nega- 
tively contrasted Metz fibrinogen (not shown), revealed that 
Metz molecules were monomolecular and thus were not 
joined by intermolecular covalent (ie, disulfide) bridges. To 
investigate further whether the cvsteine residues in fibrino- 
gen Metz at position 16 were oxidized to disulfides, we 
evaluated the titratable sulfhydryl (SH) content using Ell- 
man’s reagent.” Normal fibrinogen, which has no free SH 
groups,’ and Metz fibrinogen yielded <0.2 mol of titratable 
SH groups per mole of fibrinogen. We also used a more 
sensitive technique to detect the presence of SH groups by 
labeling with °H or '4C iodoacetic acid. With this technique, 
the titratable SH content of Metz fibrinogen as well as that 
of normal peak | fibrinogen was 0.0! to 0.02 mol of SH/mol 
of fibrinogen. 


DISCUSSION 


Although many EM studies have been made of the struc- 
ture of a-fibrin and a@-fibrin, to our knowledge none have 
reported on the ultrastructure of @-Abrin. By using the 
critical point drying technique to process fibrin clots, we were 
able to preserve clot structure and obtain high-quality, 
detailed stereo images of §-fibrin and Metz 3-fibrin and 
Metz 8-ñbrin clot networks. Our findings, coupled with 
turbidometric analyses, permitted a comparison of the struc- 
ture of af-fibrin with that of 8-fibrin and Metz 8-fibrin. 

It is clear from our present findings that release of FPB 
alone can give rise to clots whose features resemble those of 
«-fibrin in several important ways: (a) Both types of fibrin 
tend to form thick twisting cables displaying typical periodic 
cross-striations under physiologic buffer conditions. When 
polymerization takes place relatively slowly, both types of 
fibrin develop fine fibrillar network structures in addition to 
a relatively thicker cable network. The latter observation is 
consistent with previous studies indicating that fiber thick- 
ness is determined in part by the kinetics of fiber 
growth. 12182 (b) The fibrils from both types of fibrin show 
the characteristic twisting described by Müller and col- 
leagues'* for fine clots. Regions containing fine fibrillar 
matrix structures, whether derived from normal (8-fibrin or 
ap-fibrin) or Metz 8-fibrin, are not easily distinguishable 
from the fine matrix formed by af-fibrin at high ionic 
strength/pH" or in a slowly polymerizing system under 
physiologic conditions (this study). 

Twisting is not only a characteristic of native fibrin fibrils 
(ref. 14 and this study), but is aiso a prominent feature of 
microcrystals and fibrin clots prepared from enzymatically 
modified fibrinogen.’ We infer from those results and 
from our present observations that fiber twisting is an 
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inherent feature of fibrin assembly when polymerization is 
initiated by release of either FPA or FPB. 

Slowly polymerizing a(-fibrin or 8-fibrin networks con- 
tain fine fibrillar substructures that are superimposed on and 
merge with thick, loosely packed fiber bundle networks. Such 
structures evidently reflect an intermediate phase of fibrin 
assembly during which thick cables coalesce from a fine 
fibrillar matrix to form the mature anastomosing cable 
network This observation is consistent with the observations 
that under physiologic conditions mature fibrin assembly 
develops over a relatively long time” from protofibrils that 
subsequently undergo lateral aggregation to form thick fiber 
bundles '*'? The precise mechanism by which this assembly 
process takes place is not yet known 

Clot turbidity is reportedly a function of the second power 
of fiber diameter.'*'’*? Therefore, such measurements are 
sensitive to the presence of thick fiber bundles but not to fine 
fiber networks. The widest cable structures we observed 
occurred in the coarse -fibrin monomer clots, yet these gels 
ultimately developed lower turbidity than did the rapidly 
polymerizing coarse a-fibrin matrix or any other 8-fibrin or 
aß-fibrin network having lower mean fiber widths (Table 1). 
This seemingly paradoxical phenomenon may indicate that 
light scattering per se is not strictly a function of fiber width 
but may also be related to factors such as tightness of fiber 
packing, branching, etc. Further studies combining electron 
microscopy with detailed physical and rheological measure- 
ments of clot properties should be most useful in clarifying 
this issue. 

In contrast to turbidity, measurement of clot permeability 
is a reflection of pore size, coarse clots having greater 
permeebility than fine clots.'*'’®° Shah and colleagues" 
observed that the permeability of fibrin formed at a low 
thrombin concentration did not rise in proportion to the 
increase in fiber thickness calculated from turbidity mea- 
surements. Such observations are consistent with our present 
demonstration that slow polymerization (a#-fibrin or 8- 
fibrin) is accompanied not only by increased fiber thickness, 
but also by the formation of fine fiber networks. Deductions 
on clot matrix structure based on turbidity and permeability 
measurements depend on the assumption of a uniform popu- 
lation of network fibers. This is evidently not the case (ref. 17 
and this study), especially under circumstances that are 
intermediate to the extremes of fine and coarse fiber network 
formation. 

Release of FPA and FPB exposes independent binding 
sites in the NH,-terminal region of the molecule which 
appear to function cooperatively in the aggregation pro- 
cess.” Release of FPA exposes the “A™ site, which becomes 
aligned with the complementary “a™ site in the D domain of 
another molecule.**'! Similarly, FPB release evidently 
exposes a “B” polymerization site,*”? efficient utilization of 
which by the complementary “b` site may depend on proper 
alignment of two D domains in an aß-fibrin polymer.” 
Substitution of cysteine for arginine at Aa 16 in fibrinogen 
Metz evidently impairs this process because Metz §-fibrin, 
unlike normal @-fibrin, has only a weak tendency for lateral 
aggregation. This impairment may be due to the existence of 
a disulfide bridge at Aa 16. The substitution may impose 
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Fig7. Stereo images of §-fibrin clots sampled after incubation 
overnight at 14°C under the same buffer conditions described in 
Fig 1. (A) -Fibrin monomer (high-voltage electron microscopy 
HVEM) 355 ug/mL: (B) -fibrin (TEM) 500 g/mL: copperhead 
venom procoagulant enzyme (CVE) 0.66 U/mL; (C) -fibrin (TEM) 
500 ug/mL; CVE, 0.13 U/mL; (D) thrombin-generated Metz 


fibrin monomer (TEM), 500 ug/mL. Bars = 1,000 nm. Arrow (C) 


indicates a loosely packed fiber bundle 


conformational or steric changes that interfere with proper 
occupancy or orientation of the polymerization site 
unmasked by release of FPB, thus impairing optimal align- 
ment of fibrils into bundles. Further study of this impairment 
may lead to new insights into the exact location of the region 
involved in the ability of fibrin to form lateral associations 
with other fibrin molecules. 


1080 


In contrast to purified Metz fibrin, the Metz plasma clot 
was less fragile, could be synerized, and showed a consider- 
able degree of lateral aggregation, even to the extent of 
forming easily discernible periodic striations (Fig 7). This 
“improvement” in Metz clot structure is not surprising since 
fibrin aggregation in plasma is associated with increased clot 
turbidity and increased lateral fiber aggregation.” When 
Metz fibrin was formed at concentrations approaching that 
in plasma or at an albumin concentration in the physiologic 
range (500 umol/L), we were able to induce an increased 
degree of lateral fiber association. This effect was even more 
pronounced when Ca?* was also present. We believe that the 
differences between purified Metz -fibrin and plasma Metz 
8-fibrin structure are largely attributable to the fact that the 
plasma environment favors lateral fiber growth, due in part 
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to the relative concentration of fibrinogen and to albumin or 
IgG.“ Other plasma factors contributing to the strength 
and structure of the Metz plasma clot (eg, crosslinking) 
remain to be explored. In this regard, the Metz subject is not 
a severe or spontaneous bleeder, although she often bleeds for 
prolonged periods from venipuncture sites and is a habitual 
aborter.” Perhaps the relatively mild clinical bieeding that 
she manifests reflects the effect that the plasma environment 
has in enhancing fibrin clot formation. 
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Early T Cell Differentiated Chronic Myeloid Leukemia Blast Crisis With 
Rearrangement of the Breakpoint Cluster Region but Not 
of the T Cell Receptor 8 Chain Genes 


By M. Gramatzki, C.R. Bartram, D. Muller, M. Walter, H. Tittelbach, and J.R. Kalden 


Early T cell differentiation is described in a case of Philadel- 
phia chromosome-positive chronic myeloid leukemia (CML) 
in blast crisis, supporting multi-lineage differentiation 
potential of CML precursor cells. In the absence of myeloid 
markers, strong positivity for terminal deoxynucleotidyl 
transferase (TdT) and reactivity with T cell antibody 3A1, 
but lack of more mature T cell antigens, provided evidence 
for immature T cell differentiation. Molecular analysis of 


HRONIC MYELOID leukemia (CML) is believed to 

originate from a malignant transformation of a hema- 
topoetic precursor cell, differentiated closely to the stem 
cell.' Although the common differentiation pathway of CML 
cells is myeloid, the occurrence of early lymphoid cells in 
certain cases of CML blast crisis,** isoenzyme studies,* the 
establishment of Philadelphia chromosome-positive mature 
B cell lines from CML patients,” and maturation studies of 
CML cell lines* suggest a multi-lineage differentiation 
potential of the malignant cell. Although approximately 
one-third of CML in blast crisis are lymphoid differentiated, 
T cell involvement has been distinctively rare and quite often 
disputed. Particularly in cases identified initially in blast 
crisis it may be difficult to assign the proper classification 
and to distinguish those from the Philadelphia chromosome- 
positive acute lymphoblastic leukemias (ALL). 

More sophisticated cell surface marker analysis and gene 
rearrangement studies have recently become available. The 
use of such techniques in addition to characterization with 
conventional methods was applied to cells from a patient with 
CML blast crisis, and the diagnosis of early T cell CML 
could be established. Cytogenetical studies confirmed the 
diagnosis of CML. by typical Philadelphia translocation’ 
with rearrangement of the breakpoint cluster region (ber). 

Studies of the T cell receptor (TCR) 8 gene” revealed that 
these carly T cell blasts had not yet been rearranged for the 
TCR. This report, for the first time, describes immunocyto- 
logically and genetically confirmed CML of early T cell 
differentiation lacking TCR 8 chain gene rearrangement. 
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the breakpoint cluster region (ber) in chromosome 22 
revealed a rearrangement and thus confirmed the CML 
origin of the early T cell blasts. T cell receptor 8 chain 
sequences were found in germline configuration and there- 
fore suggest a very immature stage of T cell differentiation 
in the CML blasts. 

© 1987 by Grune & Stratton, Inc. 


MATERIAL AND METHODS 


Immunocytological analysis Peripheral blood mononuclear 
cells (PBMCs) were obtained by Ficoll-Metrizoate density-gradient 
centrifugation, and staining procedures were used as previously 
described.'' Monoclonal antibodies used included OKT3, OKT4. 
and OKI-1'*" (Ortho Pharmaceuticals, Raritan, NJ); Leu-2'* and 
Leu-M1"* (Becton Dickinson, Mountainview, CA); BI and B4!*"* 
and My-7"’ (Coulter, Hialeah, FL); BA-1 and BA-2"’ (Hybritech, 
San Diego); 24.1"* kindly provided by Dr Hansen, Seattle; Mo-S39 
and Mo-U28"° a gift of Dr Burmester (Erlangen) and Dr Winchester 
(New York) and the anti-T cell reagent 3A1.”° Antibodies TH69 
and TC25 were raised in our laboratory.”' Specificities are described 
in the Results section. The percentage of positive cells as well as 
antigen density were assayed in an indirect immunofluorescent test 
and evaluated by fluorescence microscopy as well as fluorescent- 
activated cell sorter (FACS) analysis (EPICS V, Coulter) as 
previously described.''”? Irrelevant antibodies were used as negative 
controls, and an anti-HLA-class I antibody was used as positive 
control when appropriate. Cytocentrifuge-prepared cells were evalu- 
ated for presence of terminal deoxynucleotidy! transferase (TdT) 
according to a method of Bollum.” 

Chromosomal analysis Slides were prepared from 24-hour 
cultures made from a frozen stock of PBMCs. Conventional chromo- 
somal analysis was performed using quinacrine fluorescence banding 
techniques for identification of chromosomes, and classification was 
made according to the Paris nomenclature.** 

DNA analysis. DNAs were extracted from mononuclear cells 
after Ficoll-Hypopaque centrifugation by standard techniques. Fif- 
teen micrograms of DNA was digested with appropriate restriction 
enzymes (Boehringer, Mannheim, FRG), electrophoresed on a 0.7% 
agarose gel, blotted and hybridized to 3’ and 5’ ber sequences,” a 





Fig 1. Leukemic blasts in the peripheral blood of patient E.S. 
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T CELL CML 


Table 1. Phenotypic Analysis of the Patient's Blood Mononuclear 
Celis Using Monoclonal Antibodies 








Percentage 
of Positive 
Antibody * Predominant Specificity Cells 
OKT 3 (CD3) Mature T celis 3 
OKT 4 (CD4) Helper T cell subset 0 
Leu-2 (CD8) Suppressor/cytotoxic T cell subset [8] 
3A1 (CD7} Immature T celis and most mature T 60 
cells 
TH 69 immature T cells and subset of ma- 54 
ture T cells 
B 4 (CD19) B cells, pre-B cells 0 
B 1 (CD20) B lymphocytes 0 
BA-1 (CD24) B lymphocytes, immature B cells 10 
BA-2 (CD9) immature B cells, lymphoid precur- 1 
sors 
24.1 (CD10) Common-ALL antigen (3) 
Mo-S39 (CDw14) Monocytes 1 
Leu-M1 (CO 15) Myeloid precursors, monocytes, 14 
granulocytes 
Mo-U28 (CDw13) AML cells 10 
My-7 (CDw13) AML cells 8 
TC 26 Immature T celi subset and CML 50 
blast crisis cells 
OKI 1 ja (HLA-DR) bearing cells 1 








ALL, acute lymphoblastic leukemia; AML, acute myelogenous leuke- 
mia; CML, chronic myeloid leukemia. 
*CD classification in parentheses. 


TCR 8 chain probe” and an Ig Ca probe (kindly provided by Dr 
Leder). After hybridization, the filters were washed under stringent 
conditions and exposed to XAR-5 film (Kodak) using Dupont 
Lightning-Plus intensifying screens for 14 hours at — 70°C. 

Case report. A 53-year-old woman had a 6-month history of 
mild abdominal pain, weight loss, and low-grade fever. When she 
was admitted to the hospital, she had massive hepatosplenomegaly 
and, when examined hematologically had a WBC count of 113,000/ 
ul. Anemia was mild, and her hemoglobin level was 9.8 g/dL. 
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Thrombocytes were slighly elevated to 350,000/ul.. Differential 
count revealed 79% blasts, 16% granulocytes, and 5% lymphocytes. 
The bone marrow aspirate demonstrated 90% blast cells of medium 
to large size with irregular, lobulated nuclear shape. 


RESULTS 


The patient’s blast cells could not be classified into lym- 
phoid or myeloid lineage by morphology alone (Fig 1). 
Cytochemical analysis of the blast cells revealed no reactivity 
in esterase, peroxidase, and periodic-acid Schiff (PAS) 
stains. TdT positivity, however, could be demonstrated in the 
indirect immunofluorescent test. Results of immunological 
analysis using a battery of monoclonal antibodies are shown 
in Table 1. Strong reactivity occurred with 3A1 (Fig 2), an 
antibody reacting with most mature and all immature T 
cells.” Blast cells reacted also with another anti-T cell 
antibody, designated TH69, which has specificity similar to 
that of 3A1 (ref. 21 and Gramatzki, unpublished observa- 
tions). Early T cell differentiation was further suggested by 
absence of staining with the more mature anti-T cell antibod- 
ies'"4 such as OKT3, OKT4, or Leu-2. Mast cells expressed 
an antigen, detected by TC25, that is expressed only on some 
early T cell ALL, myelomonocytic and monocytic leukemias, 
and CML in blast crisis.” In contrast, <15% of the PBMCs 
of the patient had myeloid or monocytic antigens on their 
surface, as determined by antibodies Mo-S39, Leu-Ml1, 
Mo-U28, and My-7. Likewise, no evidence for B cell or 
immature non-T cell lymphoid differentiation was found 
using reagents BI, B4, BA-1, BA-2, and the anti-common 
ALL (CALLA) antibody 24.1. la-antigens were not 
detected, a familiar finding on malignant cells differentiated 
on the early T cell level. 

Cytogenetic analysis revealed the presence of a Philadel- 
phia chromosome (Fig 3). To study the Philadelphia translo- 
cation molecularly, configuration of the ber gene residing on 





Fig 2. 
of monoclonal antibodies with the CML biasts. 
(A) Staining intensity by antibody 3A1. (B) 
Staining intensity of reagent TH 69. (C) Stain- 
ing intensity of antibody TC25. Horizontal axis, 
cell number; vertical axis, relative fluorescence 
intensity; dark area, background staining. 


FACS histograms showing reactivity 
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chromosome 22 was analyzed. Southern blot analysis 


revealed a rearrangement within ber (Fig 4) 

Because the blasts were typed as early T cell origin, 
whether the gene for the T cell receptor 8 chain was already 
rearranged was of interest. Southern blot analysis, however, 
showed germline configuration (Fig 5) 

To exclude any pre-B cell differentiation on the molecular 
level, Cu sequences were used to investigate immunoglobulin 
heavy chain genes. Not surprisingly, they were found in 
germline configuration (Fig 6) 


DISCUSSION 


Because T cell differentiation of blasts in CML is a rare 


> it appears important to review the evidence for 


event,’ 
classification in this case. Absence of esterase and peroxidase 
staining, and lack of reactivity with several antibodies detect- 
ing different myeloid antigens, but presence of TdT, an 
enzyme marker associated with lymphoid differentiation +? 
was highly suggestive of a lymphoid affiliation of the 
patient's leukemic cells. Reactivity with T cell antibody 3A1, 
dissecting immature T cells from pre-B cell forms, and 
lack of staining with antibodies defining la antigens, B cells, 
or mature T cells, finally established differentiation on the 


Fig 4. Southern blot analysis of 
bcr sequences; 15 gg of DNA obtained 
from peripheral blood cells and 
digested with Bglll. Hybridization to a 
5’ ber probe detects a rearranged frag 
ment (arrow) beside a 5-kilobase (kb) 
germline band. 
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Fig 3. Q-banded metaphase exhibiting characteristic 
Philadelphia chromosome (arrow) 


early T cell level. This was confirmed by demonstration of 
immunoglobulin genes in germline configuration 

Although the clinical situation with massive spleen 
enlargement and thrombocytosis was already suggestive of 
CML in blast crisis,“ Philadelphia chromosome positive 
ALL, although almost always of non-T non-B cell 
type,™ had to be excluded. Recently, molecular techniques 
have become available which appear to be helpful in this 
situation.””** The typical Philadelphia translocation seen in 
CML patients places the c-ad/ oncogene adjacent to S‘her 
sequences on chromosome 22q whereas 3’ber sequences 


3 
are translocated to chromosome 9q+.*’ Because true Ph'- 


Fig 5. Configuration of T cell receptor § chain sequences 
DNA samples (15 ug) were digested with EcoRI (a) and BamHI (b) 
restriction enzymes, electrophoresed, and hybridized to the C,f 
probe detecting 12-kilobase (kb) C,§, and 4.2-kb CÉ, germline 
fragments in EcoRI and a 24-kb C,f germline fragment in BamHI 
digests. 


T CELL CML 


Fig 6. Southern blot analysis of 
Cu Ig sequences; 15 ug of DNA was 
digested with BamHI and hybridized to 
a Cu probe that detects a 17-kilobase 
(kb) germline band. 





positive ALL studied so far appeared to be different on the 
molecular level,?**"*** the typical c-ab/ /ber rearrangement 
seen in our patient firmly establishes this T cell malignancy 
as a blast crisis of CML. 

Recently, additional insight in T cell malignancies was 
obtained by studying the gene for the TCR," and most but 
not all T cell tumors had the receptor genes clonally 
rearranged.**™ In this case of T cell CML, however, the 
TCR # gene was in germline configuration, which is in 
agreement with the immature differentiation level, since the 
receptor becomes rearranged during T cell maturation.'° 
Very recently, two cases of T cell CML with already 
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rearranged TCR were reported, in one of which typical 
c-abl /ber rearrangement was documented as well.*” The 
present study is the first report of a T cell CML blast crisis 
with TCR still in germline configuration, indicating hetero- 
geneity of differentiation stages in T cell CML. This is 
supported by the few published cases of immunologically 
characterized T cell CML in which some were immature as 
well“ and one apparently was late thymic-differentiated,”’ 
while Griffin and co-workers” reported a T cell CML with a 
mature phenotype that coexpressed myeloid antigens. 

Our data provide definite evidence for the multilineage 
differentiation capacity for the CML precursor cell includ- 
ing the T cell lineage. Although T cell CMLs—despite their 
rarity—phenotypically are heterogeneous, they have certain 
molecular genetically defined alterations in common, namely 
a particular rearranged c-abl /bcr region. In turn, although 
c-abl/ber rearrangement appears to define CML cells, 
immunological techniques and additional probes for other 
genetic sequences such as the TCR or the immunoglobulin 
genes are required for detailed evaluation of the differentia- 
tion stage of CML blasts. 
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Mediastinal Lymphoma of Clear Cell Type is a Tumor Corresponding to 
Terminal Steps of B Cell Differentiation 


By Peter Moller, Gerhard Moidenhauer, Frank Momburg, Birgit Lammler, 
Maria Eberlein-Gonska, Sophie Kiesel, and Bernd Dorken 


This article reports eight primary mediastinal tumors occur- 
ring in young adults (19 to 43 years, mean 29.4 years), 
predominantly female (six of eight) adults. Most patients 
responced badly to aggressive therapy. Progression is pres- 
ently noted in one patient; five patients died 10, 11, 13, 18, 
and 22 months after diagnosis. No patient developed leuke- 
mia. The tumors were highly proliferative, had a diffuse 
growth pattern, and comprised clear cells of variable size. 
They could not be classified histologically, but could, how- 
ever, be immunohistologically characterized as B cell lym- 
phomas. In ail cases, the immunophenotype was LC‘, 


ORMAL PERIPHERAL B cells express major histo- 
compatibility (MHC) antigens of class I (HLA- 
A,B,C) and class H (HLA-D), lineage-restricted differentia- 
tion antigens CD19, CD20, CD22 (reviewed by Nadler’) and 
carry immunoglobulin (Ig) on their surface. At the terminal 
stages of differentiation, the B cell differentiation antigens, 
HLA-D, and surface Ig disappear; plasma cell-associated 
antigens such as the PC-1, PCA-1, and the T10 antigen‘ 
are expressed, and Ig is secreted in large amounts. In 
neoplastic B cells, however, deficient Ig expression may 
occur more frequently than initially assumed since most of 
the so-called “null’-cell lymphomas and common acute 
lymphoblastic leukemias are actually of B cell origin®®; even 
chronic B lymphocytic leukemia is reported to lack detect- 
able Ig constituents in a small percentage of cases.'' Apart 
from Ig deficiency, cytomorphology of B cell tumors may be 
so deviant from that of B cells in physiologic development 
that they occasionally mimic T cell lymphomas,'* Hodg- 
kin’s disease, and even carcinoma.” The mediastinum is 
known to be the primary site of lymphoblastic T cell tumors 
(“T cell, convoluted” according to Lukes and Collins’), 
Hodgkin’s disease,” and epithelial malignomas such as 
thymic carcinoma, and rarely of sarcoma (reviewed by 
Otto”). Even large series of malignant lymphomas, however, 
(eg, Brittinger and colleagues,’ 1,127 cases; Tubbs and 
colleagues,” 564 cases), of mediastinal lymphomas (Bernard 
and colleagues,” 50 cases) and extranodal B cell lymphomas 
(Mohri, 148 cases) fail to contain primary mediastinal 
tumors of proven B cell origin. Nevertheless, there are three 
reports on primary non-Hodgkin’s lymphoma of the medias- 
tinum™?” with pronounced aggressiveness and poor progno- 
sis. Conspicuously, these lymphomas have a number of 
features in common: The patients were mostly young female 
adults presenting cough, chest pain, dyspnea, and venous 
obstruction as initial symptoms. The tumors apparently 
originating in the mediastinum tended to invade adjacent 
organs and structures and in most cases responded badly to 
antineoplastic treatment. As to morphology, the tumors were 
described as being of diffuse large cell type or as poorly 
differentiated, lymphocytic. In one series,” pronounced scle- 
rosis was described as an additional characteristic feature. 
Concerning the immunophenotype, Perrone and colleagues” 
were able to prove the “lymphoreticular origin” of 53 of their 
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cALLa , CD19°, CD20°, CD21, ig (surface/cytoplasm)”, 
and PC-1". in addition, the neoplastic cells exhibited variable 
defects in the expression of HLA-A,B,C and HLA-DR and 
inconstant expression of other B cell-restricted/ associated 
antigens. This combination of immunophenotypical and clini- 
cal features suggests that the mediastinal clear cell lym- 
phoma (MCCL) is a previously undescribed type of B cell 
lymphoma corresponding to the terminal steps of B cell 
differentiation. 

® 1987 by Grune & Stratton, Inc. 


60 mediastinal tumors by applying a mixture of monoclonal 
antibodies to leukocyte common (LC) antigen on paraffin 
sections. Furthermore, immunoreactivity with antisera to « 
and A light chains suggested a B cell origin of five of these 
tumors. The remaining tumors described by the three groups 
of authors could be characterized, however, neither as B nor 
as T cell lymphomas using surface marker techniques avail- 
able at the time of publication or by using formalin-fixed 
material. 

Here we report that these mediastinal “null’-cell lympho- 
mas are of B cell origin and present an immunophenotype 
that, although characterized by various defects, is indicative 
of a very late stage of B cell maturation. 


MATERIALS AND METHODS 


Patients. During the last 2 years, eight unusual primary medias- 
tinal tumors were observed. They occurred in young (19 to 43 years, 
mean 29.4 years) predominantly female (6 of 8) adults. First clinical 
symptoms consisted of thoracic pain, thoracic venectasia, and dys- 
pnea; B symptoms were noted in only | case. Tumor localization was 
described as mediastinal in 6 and as (para-)thymic in 2 cases. Initial 
diagnosis revealed involvement of the lungs in 3, of the pericardium 
in 2, and of cervical lymph nodes in 1 case; venous compression or 
invasion was observed in 3 patients. None was initially leukemic or 
developed leukemia. Serum electrophoreses were normal. The clini- 
cal course was characterized by therapeutic failure. Even though 
aggressive protocols against high-grade malignant lymphomas were 
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Table 1. Clinical Data 
Age at Clinical Course 
Case Diagnosis First Clinical Primary Tumor Cei! Preliminary After Surgical intervention, 
No. Patient Sex (years) Symptoms Localization Morphology Diagnosis* Radiation and Chemotherapy 
1 BM. F 19 Left breast venectasies; {Para-} Large, polymorphic Hodgkin's Progression; liver infiltrations and 
facial edema thymic disease abdominal lymphomas; tracheo- 
esophageal fistula; pneumonia; 
death 22 months after diagnosis 
2 F.M. F 21 B-symptoms: fever, Mediastinum Large, polymorphic Malignant Local progression: death 10 months 
night sweats, lym- after diagnosis with lung involve- 
weight loss phoma ment and pericardic effusion 
3 Ww.. F 31 Thoracic pain (left); Mediastinum Large and medium- Malignant Local progression; death due to res- 
dry cough sized, poły- tym- piratory insufficiency 11 months 
morphic phoma after diagnosis 
4 Li F 35 Painful right shoulder/ Mediastinum Relatively small, Malignant Local progression; abdominal lymph 
thorax; moderate monomorphic lym- node involvement 
dyspnea on exertion phoma 
5 G.S. F 35 Thoracic pain, dry Mediastinum Medium-sized to Thymoma Local progression; lung involvement; 
cough, moderate relatively small, retroperitoneal lymphomas; death 
dyspnea on exertion monomorphic due to respiratory insufficiency 
12 months after diagrosis 
6 S.S. F 43 Thoracic venectasies Mediastinum Medium-sized, Malignant Local progression; death due to res- 
with cervical monomorphic fym- piratory insufficiency 18 months 
intumescence phoma after diagnosis 
7 KM. M 22 Mediastinal enlargement Mediastinum Medium-sized, Hodgkin's Presently in complete remission 
found in a routine polymorphic disease after combination chemotherapy 
X-ray 
8 S.G. M 29 Cervical swelling; facial = (Para-} Medium-sized, Malignant Progression; liver, kidney, and 
and brachial edema thymic monomorphic lym- adrenal gland infiltrations; cervical 
phoma lymphomas 





*Done on the basis of routine hematoxylin and eosin sections for rapid notification. 


applied in 7 cases, remission was achieved in only | case (patient 7, 
who received combination chemotherapy comprising endoxan, 
holoxan, vincristine, and prednisone [CHOP]). Five patients died 
10, 11, 13, 18 and 22 months after initial diagnosis of extensive 
disease and large thoracic tumor masses causing respiratory insuffi- 
ciency (Table 1). 

Tumor tissue. Fresh tissue was transferred to our laboratory 
immediately after surgical removal. Representative samples were 
quick-frozen in liquid nitrogen. Frozen sections (4 to 6 um) were 
air-dried overnight, fixed in acetone for 10 minutes at room tempera- 
ture, and immunostained immediately or stored at -- 20°C for | to 3 
weeks. Another sample was fixed in Bouin's fixative for routine 
processing purposes; histochemical stains from the paraffin-embed- 
ded material were achieved by using hematoxylin and eosin (H & 
E), periodic-acid Schiffs (PAS), Giemsa, and the Gomöri reticulin 
method; immunostaining of paraffin sections was preceded by 
bleaching and destruction of endogenous peroxidase by methanol/ 
H,O,- 

Reagents. Monoclonal antibodies (MAbs) to IgM (R1/69) and 
IgD (1gD26), to the leukocyte common antigen (2B! 1 and PD7/26), 
and anti-Ki-I were obtained from Dakopatts, Copenhagen. MAbs 
against the T4 antigen (anti-Leu-3a (SK2)), the T8 antigen (anti- 
Leu-2b (SK3)), x (163-42) and A (1-155-2) light chains, to the 
interleukin-2 (IL2) receptor (2A3) and the CD22 antibody anti- 
Leu-14 were purchased from Becton Dickinson, Mountain View, 
CA. MAbs to the T11, T6, and T3 antigens were obtained from New 
England Nuclear, Seattle (Lyt3) and Ortho Diagnostics, Raritan, 
NJ (OKT6, OKT3), respectively. MAbs to common-ALL antigen 
(cALLa) (J5), to the B cell antigens CD20 (BI), CD21 (B2). CD19 
(B4), and mAbs PC-I and PCA-1, both directed against plasma 
cell-associated antigens, were furnished by Coulter Immunology, 
Hialeah, FL. MAbs specific to framework determinants of HLA- 


A,B,C (W6/32) and HLA-DR (2.06), and Blast-2, reacting with a 
B cell activation antigen (CD23 antigen) were generous gifts from 
the producing laboratories (given in references in Table 2); the B cell 
reagents HD6, HD28, HD37, HD237, HD39, and HD50 are 
products of some of us (B.D., G.M.. S.K.), as is the antibody 
HEA125 that reacts with a surface glycoprotein (Egp34) restricted 
to normal and neoplastic epithelial cells (G.M., F.M.) 

A polyclonal biotinylated sheep antibody to mouse Ig and a 
streptavidin-biotinylated peroxidase complex, both obtained from 
Amersham Buchler, Braunschweig, FRG, served as detection sys- 
tem for the monoclonal primary antibodies. Unconjugated rabbit- 
derived antisera to human y-, y-, a-, é, «-, and A-chains, swine 
anti-rabbit Ig serum and peroxidase-rabbit antiperoxidase complex 
were purchased from Dakopatts. Anti-human 6-chain and J-chain 
sera were obtained from Nordic Immunology, Tilburg, Netherlands. 
Pooled human IgG (Gamma-Venin) was supplied by Behringwerke, 
Frankfurt, FRG, 3-amino-9-ethyl carbazole (AEC) and N'N- 
dimethylformamide (DMF) were obtained from Sigma, St Louis. 

Staining procedures. MAbs in culture supernatants were used 
undiluted; ascites preparations were used as 1:200 dilutions. The 
anti-mouse Ig antibody was diluted 1:50, and the streptavidin~ 
peroxidase complex was diluted 1:100. Dilutions of primary antisera 
ranged from 1:50 to 1:1500; the anti-rabbit Ig antiserum was diluted 
1:20, and the peroxidase—antiperoxidase complex was diluted 1:100. 
All dilutions and washing steps were carried out in phosphate- 
buffered saline (PBS); the secondary antibody solution contained 5% 
pooled human IgG to inhibit cross-reactions with human surface Ig. 
Incubation times of tissues were | hour at room temperature for the 
primary antibody (respective antiserum) and 30 minutes for the 
second-step and third-step reagents. Using AEC as the chromogen 
(0.4 mg/mL in 0.1 mol/L of acetate buffer pH 5.0 with 5% DMF 
and 0.01% H,O, for 10 minutes), the peroxidase reaction resulted in 
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Table 2. Antigens Detected and Primary Antibodies Used in This Study 








Antigen MW KD Cione Source (Reference) 
MHC 
HLA-A, B,C 12;45 W6/32 Barnstable et al (28) 
HLA-DR 29;34 2.06 Charron and McDevitt (29) 
B cell-associated antigens 
Leukocyte common 200 PD7/26, 2B11 Warnke et al (30) 
cALLa (CD 10) 100 J5 Ritz et ai (31) 
B cell-restricted antigens 
cD 19 95 HD37 Pezzutto et al (32) 
B4 Nadler et al (33) 
cD 20 35 B1 Stashenko et al (34) 
CD 21 140 B2 Nadler et al (35) 
CD 22 135 HD6 Moldenhauer et al (36) 
HD39 Dörken et af (37) 
Leul4 Schwarting et al (38) 
CD 23 45 Blast-2 Thoriey-Lawson et al (39) 
HD50 (author's laboratory) 
Plasma cell-associated antigens 
Plasma-cell antigen 28 PC-1 Anderson et al (2) 
Plasma-cell antigen 24 PCA-1 Anderson et al (3) 
T10 antigen 45 OKT10 Reinherz et al (4) 
Varia 
Ki-1 antigen 116/126 Ki-1 Stein et al (40} 
IL2 receptor 60 2A3 Pali et al (unpublished observations) 
(Becton Dickinson) 
T cell antigens 
T11 55 9.6 Kamoun et al {41} 
T6 49 OKT6 Reinherz et at (4) 
T3 19 OKT3 Reinherz et al {42} 
T4 55 SK2 Evans et al (43) 
T8 32:43 SK3 Evans et al (43) 
Epithelial antigen 
Egp34 34 HEA125 Momberg et al (44) 








MHC, major histocompatibility complex. 


an intense red precipitate. The sections were counterstained with 
Harris’ hematoxylin and mounted with glycerol gelatin. 

Controls. To obtain reliable results, the detection of Ig compo- 
nents was performed twice, using antisera on paraffin sections and 
mAbs on frozen sections. Positive controls were made at the same 
time, using paraffin and frozen sections from tonsils to ensure that a 
negative result on the tumor tissue was reliable and not due to the 
method. Intrinsic positive controls for the immunoreactivity of the 
MHC antibodies were interstitial dendritic cells, endothelial cells, 
and macrophages that, by their staining, indicated the reliability of 
the reaction and thus excluded false-negative results. Negative 
controls were performed by omitting the primary antibody (antise- 
rum). No staining was observed, except for the reaction of intermin- 
gled granulocytes in frozen sections whose endogenous peroxidase 
was not destroyed. 


RESULTS 


Histomorphology. Most of the tumors showed a diffuse 
growth pattern (Fig 1). The cells had clear and abundant 
cytoplasm in common but varied considerably in size. The 
nuclei were roundish to very irregular; one tumor contained 
cells with multilobated nuclei, and a second revealed giant 
cells with extremely pleomorphic nuclei resembling Reed- 
Sternberg cells. The nucleoli were predominantly small and 
mostly singular. In cases | and 2, the tumor cells are best 
described as large and pleomorphic; in case 3 as mixed, large 


and medium-sized and pleomorphic; in cases 6 and 8 as 
medium-sized monomorphic; and in case 5 (Fig 1) as mixed, 
medium-sized to relatively small but monomorphic. The 
smallest tumor cells, however, were twice as large as the 
diffusely infiltrating normal lymphocytes that were a regular 
constituent of the lesion. Tumor necroses, mostly ill-defined 
and small but never confluent, were observed in six cases. 
Mitoses were numerous and always typical. Even more 
frequent were single-cell degenerations. The tumors were 
further characterized by an alveolar to microalveolar reticu- 
lin fiber scaffold; case 1 showed pronounced sclerosis. In 
conclusion, the histologic picture of these tumors was not 
compatible with any of the morphologically defined B cell 
lymphomas listed in the current classifications. The histo- 
morphology of these lymphomas resembles either pleomor- 
phic peripheral T cell lymphoma or thymoma; in two cases, it 
even resembled Hodgkin's disease. 

immunophenotype. (Table 3) The tumors were LC” 
and HEA125” and thus clearly defined as nonepithelial in 
nature. They all expressed the B cell-restricted antigens 
CD19 and CD20, as could be shown by the binding of mAbs 
HD37, HD237, B4, and BI, respectively. The first three 
mAbs showed minor differences in binding intensity in five 
cases; B4 failed to react with tumors 3 and 7. CD22 was 
expressed on the tumor cells of six cases but was undetectable 
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Fig 1. Primary mediastinal clear cell lymphoma of B cell type: 
Case 5. Predominantly medium-sized tumor cells with very pale 
cytoplasm and roundish nuclei, diffuse growth pattern. Arrow: 
vessel surrounded by normal peripheral (T) lymphocytes. Hema- 
toxylin and eosin; original magnification x 140. 
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in cases 3 and 8. CD23, a putative B cell activation antigen, 
was present on tumor cells of cases | and 4 (Fig 2) and ona 
minor part of the neoplastic cells of cases 7 and 8. Two other 
activation antigens, Ki-1 and the IL 2 receptor, could not be 
detected. Immunoglobulin constituents (heavy and light 
chains, J chain) were not detectable in the whole tumor series 
in cither the cytoplasm or on the surface of the tumor cells. Ig 
of various light and heavy chain classes was present only in 
mature, morphologically typical plasma cells, which, how- 
ever, were very scarce. In addition, one case contained 
minute islands of small, round lymphoid cells carrying 
surface IgM (Fig 3). The neoplastic cells of every case 
strongly bound PC-1, a mAb recognizing a plasma cell- 
associated antigen (Fig 4). PCA-1I, another mAb of this 
category, reacted in cases 5 and 6 with the entire neoplastic 
population and in a varying number of tumor cells of cases 1, 
2, and 4. MAb OKT10, also known to bind to normal plasma 
cells, reacted with tumor 2 and with parts of the neoplastic 
population of case 4 CALLA and CD21 could not be 
detected in either case. The tumors showed variable deficien- 
cies in MHC antigen expression: at least two cases com- 
pletely lacked class | and class II antigens (Fig 5); a third 
case (case 6) contained only a very small number of scattered 
HLA-ABC* and HLA-DR* large cells among the unreac- 
tive tumor cells (Fig 6); although probably of histiocytic 
origin, it cannot be completely ruled out that those cells were 
part of the neoplastic population. Four other tumors con- 
tained varying proportions of MHC antigen-deficient neo- 
plastic cells. The coordinate expression of class I and class H 


Table 3. Antigen-Expression of Tumor Cells in Eight Cases of Ig-Mediastinal Clear Cell Lymphoma of B Cell Type 














Patient 
Antigen Clone 1. B.M. 2. F.M. 3, W.. 4.01 5,G.S 6. S.S. 7. K.M. 8. S.G. 
HLA-ABC W6/32 e —»+ + 
HLA-DR 2.06 2 - + + - — + + 
LC PD7/26 and + + + . + + + 
2B11 
CALLA (CD 10) J5 - 
cD 19 HD37 + (+) + + + (+) 
HD237 (+) t + + + + (+) 
B4 + - + (+) + (+) 
cD 20 B1 + + + + 4 + + 
CD 21 B2 
CD 22 HD6 + ~ ‘ (+) + ` 
HD39 + + + 4 
Leu14 + - + + (+) 
CD 23 Blast-2 + + - 
HD50 4 4 = 
Plasma cell-associated antigen PC-1 + + + 4 + } + 
PCA-1 + = + 
OKT10 - - + 
lg (cytoplasmic/ surface) - 
Ki-1 antigen Ki-1 - 
IL2 receptor 2A3 - 
T cell antigens T6, T11, T3, T4, T8 OKT6, Lyt3. - 
OKT3, Leu3a, 
Leu2b 
Egp34 HEA 125 — 





*—. Negative; +, positive reaction on the entire tumor cell population: (+), weakly positive; +, positive and negative tumor cells in equal parts, +, 
negative tumor cells clearly outnumber positive ones; » +, very few scattered positive cells, putative tumor cells. 
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Fig 2. Case 4. Monoclonal antibody (MAb) HD50 recognizing Fig 4. Case 8. Monclonal antibody (MAb) PC-1 recognizing a 
the activation-associated CD23 antigen bound in varying intensity plasma cell-associated antigen bound strongly to the entire tumor 
to the tumor cell population but not to the stromal cell component cell population. Negative connective tissue fibers are apparent 
of the lymphoma. Immunoperoxidase; original magnification Immunoperoxidase; original magnification x 133. 
x122. 





í ~ 
Fig 3. Case 2. Demonstration of IgM by monoclonal antibody Fig 5. Case 5. Monoclonal antibody (MAb) W6/32 strongly 
(MAbt) R1/69. The large tumor cells were devoid of detectable IgM stained dendritic interstitial cells and small infiltrating lympho- 
whereas scattered reactive small lymphocytes stained strongly. cytes but did not bind to the tumor cell population, thus indicating 
thus excluding a false-negative result. Immunoperoxidase; original its abnormal loss of HLA-A,B.C molecules. Immunoperoxidase: 


magnification x 305. original magnification x 122. 





Fig 6. 


Case 6. Monoclonal antibody (MAb) 2.06 recognizing a 
HLA-DR framework determinant failed to react with the tumor 
cells but stained interstitial dendritic cells and a small proportion 
of large scattered cells, most probably of histiocytic origin. Immu- 
noperoxidase; original magnification x 195. 


antigens was noticed only in case 2. MAbs directed against T 
cell antigens T6, T11, T3, T4, and T8 exclusively stained 
small lymphoid cells interspersed in various amounts with 
the tumor cells and occasionally crowded around blood 
vessels (Fig 1). The epithelium-specific mAb HEA125 
showed reactivity in neither case. 

In sum, this series of eight polymorphic mediastinal 
tumors is characterized by variable defects in MHC antigen 
expression, by the constant phenotype CD10°, CD19", 
CD20*, CD21, PC-1* and complete Ig deficiency, suggest- 
ing that they represent tumors of terminal B lymphocyte 
differentiation. 


DISCUSSION 


In several aspects, the clinical features of our patients with 
primary non-Hodgkin's lymphoma of the mediastinum 
resemble those of the patients described by Levitt and 
colleagues, Trump and Mann,” and Perrone and col- 
leagues.” As compared with mediastinal T lymphoblastic 
lymphoma, which has pronounced male predominance (eg, 
Brittinger and colleagues,”' ratio of males to females 9:1), 
there seems to be a clear female predominance for mediasti- 
nal “null’’-cell lymphoma: 6 of 12 of the patients of Levitt 
and colleagues, 7 of 11 of the patients of Trump and Mann, 
43 of 60 of the patients of Perrone and colleagues and 6 of 8 
of those in our series were female. Nine of those of Levitt and 
colleagues, 8 of Trump and Mann’s, and 7 of our patients 
were younger adults (19 to 37 years); 85% of Perrone and 
colleagues’ group were aged <35 years. Cough, chest pain, 
dyspnea, and venous obstruction were common initial signs. 
Apart from mediastinal mass, there was additional tumor 
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involvement of pericardium at initial examination in three of 
the patients of Levitt and colleagues, | of the patients of 
Trump and Mann, and in 2 of the patients of our series; lung 
involvement was noted twice in Levitt and colleagues’ group, 
3 times in Trump and Mann’s group, and 3 times in our 
group of patients. The chest wall was the most frequent site 
of extrathoracic involvement in Perrone’s series. When given 
aggressive antineoplastic treatment, 10 of the patients of 
Levitt and colleagues reached a transient complete remis- 
sion, but neither of Trump and Mann's patients and only one 
of our patients was regarded as disease-free afterwards. No 
patient developed leukemia. Progressive disease, relapse, and 
chemotherapeutic failure was commonly noted. Four of the 
patients of Levitt and colleagues, 8 of Trump and Mann’s, 20 
of the patients of Perrone and colleagues, and 5 of our 
patients were dead at time of publication, with a survival 
time ranging from 4 to 22 months; median survival given by 
Trump and Mann was 16 months. To conclude, we feel that 
we are dealing with a lymphoma type with a rather distinct 
clinical picture. 

Our central finding is that these tumors are B cell lympho- 
mas. Referring to the B cell differentiation scheme given by 
Nadler,’ the immunophenotype LC*, CD10. CD19", 
CD20*, CD21 >, (Kil ~, T cell antigens”), common to all the 
tumors of our series, suggests a terminal B cell differentia- 
tion. This view is supported by the presence of the plasma 
cell-associated antigens PC-1 in 8 of 8, PCA-1 in 5 of 8, and 
T10 in 2 of 8 tumors, indicating that at least a partial plasma 
cell phenotype is expressed although cytomorphology is 
never plasmocytic. On the basis of the PCA-1 reactivity of 
neoplastic cells, Anderson and co-workers** characterize 
hairy cell leukemia as a tumor of the pre-plasma cell. 
Plasmacytoma, plasma cell leukemia, and myeloma are 
reported to express PCA-1,* PC-12 and (OK)T10.“*" On 
the other hand, the diffuse large cell lymphomas of B cell 
type analyzed by Freedmann and co-workers” failed to 
express PCA-| and PC-1, a finding that caused them to 
argue that these tumors are the neoplastic counterparts of 
normal B cells at the midstage of differentiation. Based on 
these observations the immunophenotype of the aleukemic 
lymphomas described herein indicates that it is probably a 
novel B lymphoma type. It might be placed between tumors 
of midstage differentation and hairy cell leukemia/plasma 
cell tumors. This tumor cell variant might alternatively be 
regarded as the malignant counterpart of the final stage of an 
alternative pathway of B cell development: the monocytoid B 
cell, also known as the cell of the so-called “immature sinus 
histiocytosis,"“”? which is a B cell that cannot be located in 
the current physiological differentiation scheme. In this 
context, it is noteworthy that monocytoid B cells have clear 
cell morphology and are PCA-1* (P. Möller, unpublished 
observations). 

Nevertheless, as compared with the normal mature B cell, 
the tumor cells of MCCL exhibit considerable lacks in 
antigen expression. There are no Ig constituents. This com- 
plete loss of Ig has been observed by several authors 
(discussed previously) to occur in large cell B lymphomas of 
unknown or follicular origin. Two of our tumors failed to 
express the CD22 antigen, as could be verified by staining 
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with three different mAbs. This may be interpreted in two 
ways. CD22 expression may either have been impaired by a 
defect in gene expression or abrogated in the course of 
termina! differentiation. Furthermore, there are minor irreg- 
ularities in the binding of CD19 mAbs: HD237 failed to 
react with a subset of neoplastic cells of case 3; B4 did not 
recognize tumors 3 and 7. Whether this is due to inaccessibil- 
ity or defect of the corresponding epitope or just to a lesser 
affinity of these antibodies cannot be answered. Because the 
CD23 antigen seems to be closely related to activation,” the 
partial or complete nonexpression of the CD23 antigen in six 
of eight tumors is probably of functional nature. Severe 
defects, however, must be suspected because of the partial or 
complete nonexpression of MHC class | molecule (HLA- 
A,B,C) observed in all tumors but one. To our knowledge, 
very few reports exist describing lack of class I antigen 
expression in malignant lymphoma: Woda and co-workers™ 
observed this lack in three cases of large “histiocytic” B cell 
lymphomas, and the Daudi cell line is known to be devoid of 
8,-microglobulin, which is part of the heterodimeric class I 
molecule. Because class | antigens serve as restriction ele- 
ments of T cell-mediated cytotoxicity, HLA-A,B,C-defi- 
cient tumor cells possibly escape immune attack by cytotoxic 
T cells.* This may account for the clinical aggressiveness of 
the primary mediastinal B cell lymphomas. 

Six of eight of the tumors had either partial or complete 
defects in expression of the HLA-DR framework deter- 
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minant recognized by mAb 2.06. Defects in class Il antigen 
expression in B cell lymphomas were sporadically noted by 
several authors.’ Our evaluation of the staining for HLA- 
DR probably underestimates the real extent of nonreactivily 
within the neoplastic population since intermingled small 
negative cells were regarded as reactive T cells, as was 
suggested by parallel sections stained with mAbs to T cell 
antigens. For multiple myeloma, it was assumed that the 
neoplastic plasma cells lost their class H antigens while 
entering the terminal stage of differentiation. Although 
we discuss this stage of development for our tumor group, a 
down-regulation of MHC class II antigen expression seems 
more unlikely to us than assumption of a pathological loss, ie, 
a further defect in antigen expression since all tumors 
lacking class H molecules were also class | antigen-deficient. 
Class II antigens are transducers for B cell activation“ and 
maturation. Thus, a defective expression of these important 
trigger molecules might contribute to the incomplete differ- 
entiation of the neoplastic B cells in the primary mediastinal 
lymphoma of clear cell type. 
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C1-INH INTERACTIONS WITH PLASMA KALLIKREIN 


G-150 for gel filtration. The C1-INH prepared by this method was 
usually a homogeneous single band in SDS analytic gel electrophore- 
sis, but some preparations demonstrated two closely approximated 
bands.*’ Recoveries were as high as 70% of that in the starting 
plasma. 

Plasma kallikrein was isolated according to the procedure of 
Nagase and Barrett,'° which was modified to include a second step in 
affinity chromatography with SBTI-Sepharose following chroma- 
tography on Ultrogel AcA 54. In addition, immune adsorption on a 
column of Sepharose-antihuman IgG was used to remove contami- 
nating immunoglobulins at the end of the purification. This kalli- 
krein was homogeneous in SDS analytic gel electrophoresis when 
freshly prepared, or a doublet, and had a specific activity of 
approximately 176 units of coagulant activity per milligram of 
protein. In determining the specific activity of plasma kallikrein 
preparations, a coagulation assay was used’ in which one unit of 
activity is defined arbitrarily as the amount in 1.0 mL of pooled 
normal human plasma. During storage at — 30°C, autodigestion 
products formed of 67,000 and lower mol wt. Cleavage products of 
less than 52,000 mol wt, induced by cleavage by factor Xa, have 
been shown to have reduced ratios of coagulation to amidolytic 
activity.” 

C15 was prepared by the method of Bing and his colleagues 
and gave a homogeneous single band in SDS-analytic polyacryl- 
amide gel electrophoresis when freshly prepared. This material hada 
specific activity of over 1,000 U/mg of protein.’ Some degradation 
of the C13 used has occurred in the present studies, providing lower 
mol wt bands visible in stained gels (see figures) after EDTA was 
removed during gel filtration. 

SDS-polyacrylamide gel analyses were performed using a Hoefer 
Vertical Gel Electrophoresis system and was carried out either in 
7.5% polyacrylamide, according to the method of Laemmli’ or in 
gradient gels prepared using a modification of this method in which 
a gradient of 7.5% to 12.5% (wt/vol) acrylamide was prepared as 
reported previously.’ Gel-bond (FMC, Marine Colloids Division, 
BioProducts, Rockland, ME) was inserted between the glass plates 
into which the gels were poured for vertical electrophoresis to 
stabilize the gels. After adding SDS, the mixtures were incubated at 
37°C for another 30 minutes, instead of boiling, to avoid aggregation 
of proteins. Electrophoresis was carried out at 3 to 3.5 Vem for 18 
hours at room temperature or until the tracking dye was within | to 2 
cm of the bottom of the gel when gradient polyacrylamide gel was 
used. When a single concentration of polyacrylamide gel was used, 
electrophoresis was carried out at 4°C until the tracking dye was 
near the bottom of the gel. After staining with 0.25% Coomassie 
brilliant blue, the gels were fixed in mixtures of 33% methanol, 15% 
trichloreacetic acid, and 3% sulfosalicylic acid for 30 minutes, 
followed by washing in an aqueous mixture of 5% acetic acid and 
16% glycerol overnight. 


13.14 


RESULTS 


_Interactions of CIS and plasma kallikrein with normal 
CI-INH. When purified normal C1-INH was incubated 
with plasma kallikrein for as short a period as five minutes at 
37°C, stable complexes between kallikrein and the inhibitor 
formed (Fig 1). These complexes appear to involve the 
component of C1-INH of about 106,000 mol wt but not that 
of approximately 96,000 mol wt, even when the concentra- 
tion of kallirein was in molar excess with respect to the 
inhibitor (Fig 1A). In experiments not shown, complexes 
between the /ower mol wt component of CI-INH and 
kallikrein in equimolar amounts or inenzyme excess failed to 
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Fig1. (A) Variable amounts of purified plasma kallikrein were 
incubated with 32 ug of purified normal C1-inhibitor at 37°C for 20 
minutes. SDS was added, the mixtures incubated at 37°C for 
another 30 minutes, and were then subjected to electrophoresis in 
a vertical thin slab of polyacrylamide gel in graded concentrations 
of 7.5% to 12.5%. The sample in the left Jane (not shown) was a 
mixture of proteins of known mol wt, noted to the left. The sample 
in the lane to the far right was plasma kallikrein alone {K}, which 
was partially degraded. Note that the lower mol wt form of C1-INH 
was not consumed in complexes with kallikrein, even in enzyme 
excess (lanes 2 to 5} and that this band assumes a position of 
lower mol wt materials after exposure to kallikrein than in the 
“native” state (lane 1). (B) The same preparation of purified 
C1-INH was incubated with increasing amounts (left to right) of 
C15 at 37°C for 20 minutes before SDS was added and incubation 
continued for an additional 30 minutes at 37°C. Samples were then 
subjected to electrophoresis in thin slab vertical gels consisting of 
graded concentrations of polyacrylamide from 7.5% {top} to 12.5% 
(bottom, anode) as above. The positions of bands of proteins of 
known mol wt are indicated at the left. Note that both the higher 
and lower mol wt components of C1-INH appear to participate in 
complex formation with C15 (lanes 3 and 4). The lower mol wt 
component appears to have been cleaved by Cis [lane 3): this 
cleavage was not visible in ungraded gels. The apparent mol wt of 
the individual proteins is higher in this gradient gel system than in 
a continuous concentration of polyacrylamide. 
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occur during incubation for as long as two hours. On the 
other hand, when C15 was incubated with this preparation of 
Ci-INH, both components of the CT-INH appeared to 
become involved in complexes with C1§ (Fig 1B). These 
observations suggest that there are different structural 
requirements for the formation of stable complexes between 
normal CT-INH and kallikrein than with C15. 

When a purified preparation of normal CT-INH, which 
was apparently homogeneous having a mol wt of 106,000, 
was used, it was cleaved by both C15 and kallikrein during 
incubation for brief periods at 37°C (Fig 2). The cleavage 
product had an approximate mol wt of 96,000. A major high 
mol wt complex formed with each enzyme and this inhibitor. 
The mol wt of the complex with CIS was approximately 
182,000 and that with kallikrein was 185,000 (Fig 2). The 
C1-INH was not completely co~sumed in this experiment, 
probably because the C15 used had a lower specific activity 
than that used in the experiment shown in Fig 1B. In an 
experiment not shown here, a preparation of CT-INH, which 
had lost most of its activity against C15, consisted of two 
lower mol wt components of approximately 95,000 and 
92,000. Neither of these formed a complex with plasma 
kallikrein. 

Interactions of plasma kallikrein with dysfunctional C1- 
INH. Dysfunctional C1-INH proteins from members of 
eight different kindred with type Il HANE were purified and 
analyzed for their interactions with plasma kallikrein. The 
subjects from whom plasma was obtained were not receiving 
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Fig 2. In this 7.5% polyacrylamide gel, the electrophoretic 


behavior of 30 ug of normal single band C1-INH following incuba- 
tion for 20 minutes with increasing amounts of C15 or kallikrein 
(ug), shown at the bottom, are compared. This C1-INH was a 
preparation of high specific activity; the C15 was of lower specific 
activity than that used in Fig 1B. Mol wt standards are shown to 
the left and in lane 1; untreated C1-INH alone is in lane 2, C15 alone 
in lane 3, and kallikrein alone in lane 4. The mixtures did not run at 
an identical rate in this gel (the running front was convex), but the 
calculated mol wt of the C1-INH cleavage fragment generated by 
C1s was 96,000 and that generated by kallikrein was 94,000. 
Moreover, the C1-INH-kallikrein complexes were of a higher mol 
wt (lanes 7 and 8) than the C1-INH-C1s complexes (lanes 5 and 
6). 
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androgen therapy at the time, with the exception of one 
preparation from subject Da, noted below, and therefore did 
not have therapeutically induced increases in serum concen- 
trations of normal C1-INH. These proteins were examined 
for their interactions with C15 and plasmin in work reported 
earlier.* Table | summarizes the interactions of these pro- 
teins with kallikrein and compares them with their interac- 
tions with CIS, most of which were reported in an earlier 
study.* In these studies the kallikrein and inhibitor proteins 
were incubated together at 37°C for 20 minutes before SDS 
was added, and electrophoresis was performed in SDS gels. 
The preparation of C1-INH from subject Bo contained a 
single low mol wt contaminant, and CT-INH from su bject Ta 
contained a single unidentified high mol wt contaminant 
visible in SDS gel. The preparation of CI-INH from Da, 
which formed a stable high mol wt complex with kallikrein, 
was obtained when this patient had received androgen ther- 
apy and probably contained detectable amounts of normal 
CI-INH. It was not possible to distinguish the normal 
protein from some of the dysfunctional protein in these gels. 
Other preparations from this subject failed to form com- 
plexes stable in SDS gels. 

In the experiment illustrated in Fig 3, kallikrein was 
incubated with the inhibitor proteins at 37°C, as above. and 
before electrophoresis SDS was added, and the mixtures 
were incubated at 37°C for 30 minutes, instead of boiling, to 











Table 1. Interactions CI-INH Proteins with Cis and Kallikrein 
Activity: Complex Formation 
% of Normal v with Cleavage by 

CI-INH C6 Kallikrein C6 Kallikrein Cis Kallikrein 
At 50 2.5 + + + o 
Bo 61 16 K o o +e 
Da 75 50 + o + +* 
Mo 52 6 + = + (0) 
Ri 4 1 + 2* + o 
Ta 90 10 + o + + 
We 19 33 + 0 4 + 
Za 19 64 7 - o 0 
Normal: 100 100 o + + + 





The first column designates the abnormal CÌ-INH from kindred with 
HANE by the first two letters of the kindred name, and the second and 
third columns provide the levels of inhibition of CIS and kallikrein by each 
dysfunctional CI-INH as compared to that of the normal CH- INH, which 
were published earlier.” The inhibition of CIS and kallikrein by normal 
CI-INH were arbitrarily determined to be 100%. The percent of inhibition 
provided by each dysfunctional CHINH was calculated by dividing the 
reduction rate of hydrolysis of synthetic substrates by each enzyme, in 
nanomoles per minute per microgram of dysfunctional inhibitor, by the 
reduction in rate per minute per microgram of normal CI-INH x 100. Each 
dysfunctional CHINH was tested four to six times against each enzyme 
using different quantities of inhibitor.® Kallikrein inhibition was measured 
with a synthetic chromogenic amide (S-2302, Kabi, Stockholm, Sweden) 
and inhibition of Cis by the method of Levy and Lepow,' which employs 
an acidometric titration of N-acetyl-L-tyrosine ethyl ester hydrolysis. The 
reduction in rate of esterolysis in the presence of the inhibitor proteins by 
a preparation of Cis in units per milligram of protein was calculated. 
Columns 4, 5, 6, and 7 indicate whether or not complex formation 
occurred between Cis, kallikrein (+ = stable complexes) and each 
inhibitor and if the inhibitors were cleaved (+) by either enzyme. 

*With molar excess of enzyme only (2:1). 
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Fig3. Each purified dysfunctional C1-inhibitor protein is indicated by the first two letters of the kindred name, shown at the top of the 
gel, describing its electrophoretic behavior following preliminary incubation with one or more quantities of purified plasma kallikrein (K). 
Lane 1 (A) contained proteins (m) of known mol wt, indicated to the left. The gels contained concentrations of polyacrylamide graded 
continuously of from 7.5% at the top of the gel to 12.5% at the bottom (anode). The amounts of kallikrein and of C1-INH proteins were: (A, 
B) C1-INH At and Bo, 31 ug; kallikrein, 30 ug (lane 3) and 60 yg (lane 4); Lane 1, (B), kallikrein alone, 30 pg. (C): C1-INH Mo, 28 ug (lanes 2 
to 4); kallikrein, 30 yg (lane 3) and 60 yg (lanes 1 and 4). Although a somewhat higher mol wt band was generated in mixtures of C1-INH At 
and kallikrein, low mol wt fragments were not found. Possibly the complex contained a cleavage fragment of C1-INH At and kallikrein 
(panel 1). A low mol wt band in the C1-INH Bo preparation (panel 2, lane 2) is an unidentified contaminant, reported earlier.” Although 
C1-INH Bo failed to form a stable complex with kallikrein, it was cleaved by the enzyme (lane 4). There was no apparent interaction 


between C1-INH Mo and kallikrein (panel 3). 


avoid aggregation of proteins. After electrophoresis, ĈI- 
INH from subject At appeared to form a lower mol wt 
complex than would be predicted with plasma kallikrein (Fig 
3, lanes 3 and 4, panel 1). In contrast, CI-INH from Bo was 
cleaved into multiple visible lower mol wt cleavage fragments 
during incubation with kallikrein but did not form a stable, 
higher mol wt complex (Fig 3, panel 2). CI-INH from 
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Fig 4. Comparison of electrophoretic behavior of dysfunc- 
tional C1-INH At, Bo, and Za with C15 in SDS polyacrylamide gels 
of 7.5% concentrations (ungraded). C1-INH was used in molar 
excess with respect to C1s: C1-INH At in an amount of 22.5 ug; 
C1-INH Bo (lanes 4, 5), 25 ug. and Za (lanes 7, 8), 55 ug. C15, 7.5 ug 
in all mixtures. The anode is down. Even though C1-INH At was 
clearly cleaved into lower mol wt fragments by C15, two high mol 
wt complex bands stable in SDS were also formed. C1-INH Bo, 
which failed to interact with kallikrein in the experiment in Figure 
3, did form a small amount of stable complex with C1 s. C1-INH Za 
and C15 formed two high mol wt bands, but the source of the two 
bands is aot clear. 


subject Mo apparently failed to interact with the kallikrein, 
even in excess (Fig 3, panel 3). Cl-INH Da also exhibited 
lower mol wt cleavage fragments when incubated with a 
molar excess of kallikrein (not shown). Thus under compara- 
ble conditions the dysfunctional proteins were heterogeneous 
in their susceptibility to cleavage by kallikrein. In earlier 
studies, CI-INH We formed a complex with plasmin and 
was also readily cleaved by this protein.“ This protein was 
also cleaved by plasma kallikrein but only into a single 
cleavage product of approximately 96,000 mol wt. 
Interaction of CIS with dysfunctional CI-INH. When 
dysfunctional CT-INHs from At, Bo, and Za were examined 
in 7.5% polyacrylamide gels, C1-INH At formed two high 
mol wt complexes with C15, and lower mol wt cleavage 
fragments evolved (Fig 4, lane 2). C1-INH Bo and Za also 
formed high mol wt complexes with C15, whereas neither did 
so with kallikrein. The mol wt of the major C1-INH Za 
complex with C15 was lower than that formed with C1-INH 
Bo but about the same as the lighter complex between 
CT-INH Atand C15. Cleavage of dysfunctional CT-INH Ta 
and We by C15 was observed in studies reported earlier : 
We have not detected cleavage fragments of less than 
96,000 mol wt in SDS gels when normal C1-INH has been 
exposed to C15. The interactions of each of these Ci-INH 
proteins with C15 and kallikrein are compared in Table 1. 


DISCUSSION 

When normal CT-INH, which was a doublet in SDS- 
polyacrylamide gel electrophoresis, was incubated with kalli- 
krein and then subjected to electrophoresis in the same gel 
system, a major high mol wt complex of about 185,000 to 
190,000 mol wt could be visualized (Fig 1A), but only the 
component of CI-INH having a mol wt of approximately 
106,000 formed stable complexes with kallikrein. The lower 
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mol wt band in the CI-INH preparation (approximately 
96,000) did not do so (Figs 1A and 2). When increasing 
amounts of C15 were incubated with the same preparation of 
CI-INH before electrophoresis in graded concentrations of 
polyacrylamide, both the lower and higher mol wt compo- 
nents of Ci-INH formed a stable complex with Cls (Fig 
1B). Therefore the 96,000 mol wt component of normal 
CI-INH apparently contained structural requirements for 
stable complex formation with C15 but not with kallikrein. 
Both enzymes could generate the doublet CI-INH from a 
preparation containing a homogeneous single band of protein 
(Fig 2). Exposure to kallikrein appeared to generate a lower 
mol wt cleavage fragment than that generated by C15 (Figs 
1A and 1B), as if kallikrein degraded the protein further 
than did Cls. Van der Graaf and his associates also found 
that a plasma kallikrein preparation, or its light chain failed 
to form complexes with a lower mol wt form (94,000) of 
C1-INH,'* which may be the same as the lower mol wt 
C1-INH seen in the present studies. The fact that some 
preparations of CI-INH, which are isolated by the method of 
Harrison,’ are in a doublet form implies that the protein may 
have had contact with C15 or kallikrein in vivo, for isolation 
was carried out in the presence of exogenous inhibitors aimed 
at preventing cleavage of CI-INH in vitro. One of us 
(Harrison), however, has found only a single band of 
C1-INH antigen in freshly drawn normal plasma using a 
monoclonal antibody (McAb) to CI-INH in an electro- 
immunofixation procedure. Harpel and Cooper” identified a 
plasmin-generated cleavage fragment of normal C1-INH 
that was initially functional but lost activity without evidence 
of a further loss in mol wt. Zuraw and Curd recently reported 
that an inactive fragment of 94,000 mol wt could be released 
from normal Cl-INH in plasma when kallikrein was acti- 
vated!” 

The interactions of dysfunctional C1-INH proteins with 
plasma kallikrein were heterogeneous, and only two of these 
formed complexes with kallikrein that were stable during 
electrophoresis in graded concentrations of polyacrylamide 
containing SDS. Each of these (CI-INH At and Za) had 
reduced inhibitory properties directed against the amidolytic 
activity of plasma kallikrein in studies previously reported® 
(Table 1). Therefore the complexes visualized in these 
studies may not be associated with effective inhibition of 
kallikrein by the CT-INH proteins. Dysfunctional Cl-INH 
We also had reduced inhibitory properties directed against 
CIs but formed visible complexes with CIS (Table 1). 
CI-INH Bo was cleaved by the plasma kallikrein into 
multiple lower mol wt fragments of less than 90,000 mol wt 
(Fig 3). In earlier studies C1-INH We was exceedingly 
susceptible to plasmin cleavage.’ These observations rein- 
force the evidence of structural heterogeneity of these dys- 
functional proteins. It is likely that point mutations account 
for many of the alterations in dysfunctional CT-INH pro- 
teins,” but in at least one instance (CI-INH Ta) there is an 
insertion in a high mol wt cyanogen bromide fragment” and 
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in another (CI-INH We) a deletion as well as an inser- 
tion.” 

Three dysfunctional CT-INH proteins were examined for 
their interactions with preparations of CIS, since these had 
not been tested earlier (Fig 4). One, CI-INH At, was cleaved 
by CIs (Fig 4), and high mol wt complexes were seen, while 
two others (CI-INH Bo and Za) also formed a high mol wt 
complex with Cls but were not cleaved when examined 
under the same conditions of incubation and electrophoresis. 
CI-INH Za formed a stable complex with CIs (Fig 4) but 
not with kallikrein, but it inhibited C15 to a lesser degree 
(19% of normal) than kallikrein (64% of normal) in earlier 
studies.’ In this instance, the complex between this CT-INH 
and Cis, the C1s does not appear to be inhibited; this is 
reminiscent of our earlier studies in which noninhibitory 
complexes between plasmin and some of these dysfunctional 
C1-INH proteins (We, Da, Za, and Ri) were identified. 

These studies point to the possibility that the CI-INH 
found in normal plasma may have more than one point of 
interaction with plasma kallikrein, some of which are defec- 
tive in dysfunctional CI-INH proteins. Since most of the 
dysfunctional C1-INH proteins did not form complexes of 
sufficient stability to be visible in the SDS gels but did 
provide measurable degrees of inhibition in work previously 
reported, complexes were probably formed but were disso- 
ciated during the procedures used for electrophoretic exami- 
nation of complexes. Some of the inhibitory activities mea- 
sured may have been due to trace amounts of normal 
C1-INH not distinguished from the dysfunctional forms in 
these electrophoretic analyses. It is likely that the binding 
affinity of most of the dysfunctional C1-INH proteins for 
plasma kallikrein is considerably less than that of norma! 
C1-INH. and, with two exceptions, significant amounts of 
covalently linked complexes were apparently not formed. 

Serine proteases cleave inhibitors before forming function- 
ally inhibited complexes.?'* Salveson and his associates” 
recently identified cleavage of normal C1-INH by a prepara- 
tion of C15, comparable to that used in the present experi- 
ments, by defining the amino acid sequence of a portion of 
the cleavage fragment released from the carboxy-terminal 
side of the reactive site of CI-INH. Weiss and Engel” 
reported that heparin could enhance cleavage of C1-INH by 
Cis. In our experiments a homogeneous preparation of 
normal CI-INH (mol wt approximately 106,000) was 
cleaved by C15 and kallikrein, forming a doublet of which the 
mol wt of the lighter component was 96,000. Bing and 
Canar” have identified a 90,000 to 92,000 mol wt fragment 
that could be generated by plasmin. Neither C15 nor kalli- 
krein appeared to release a similar fragment in their experi- 
ments or those reported here. It is possible that some 
fragments of CT-INH of much lower mol wt may have been 
released from CT-INH protein during their interactions with 
kallikrein but were not detected because the heavily glycosy- 
lated portions of the molecule may not bind to protein 
Stains. 
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In Vitro Action of Tumor Necrosis Factor on Myeloid Leukemia Cells 


By Reinhold Munker and Phillip Koeffler 


We investigated the in vitro action of recombinant tumor 
necrosis factor alpha (TNF) on the clonal growth of normal 
and malignant myeloid cells. Clonogenic cells from six of 
nine myeloid leukemia cell lines were very sensitive to the 
effects of TNF with 50% of the colonies inhibited {EDs} by 
concentrations of TNF that ranged between 6 and 150 
U/mL. A decrease in DNA, RNA, and protein synthesis and 
in cloning efficiency occurred within three hours of expo- 
sure of HL-60 promyelocytes to TNF. The TNF in combina- 
tion with recombinant interferons produced an additive or 
synergistic inhibition of colony formation of HL-60 and 
THP-1 myelomonoblasts. Normal human CFU-GM are sen- 
sitive to TNF (ED,, between 100 and 50,000 U/mL), but 
their sensitivity to TNF depends on the source of colony 


po recent improvements in chemotherapy and 
bone marrow transplantation, the prognosis of acute 
and chronic myelogenous leukemia is unsatisfactory.'? 
Therefore new drugs and therapeutic possibilities continue to 
be investigated. Tumor necrosis factor (TNF) was discov- 
ered when mice with transplanted tumors developed hemor- 
rhagic necrosis of these tumors when endotoxin was injected 
after priming with Bacillus calmette guerin (BCG). Acti- 
vated macrophages were identified as the source of TNF. 
Growth of a variety of mouse and human tumor cells are 
inhibited by TNF, whereas several types of normal cells from 
the same species are unaffected after exposure to the 
protein.’ Recently the gene for human TNF was cloned and 
recombinant proteins synthesized.” We studied the effects 
of recombinant human TNF on human myeloid clonogenic 
cells from leukemia cell lines, patients with leukemia, and 
normal individuals to determine if the proliferation of malig- 
nant and normal myeloid progenitor cells is sensitive to this 
monokine. 


MATERIALS AND METHODS 


Details and references concerning the myeloid cell lines used in 
this study are provided in Table !. The cells were grown in Lux tissue 
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stimulating factor (CSF) with T lymphocyte derived GM- 
CSF (recombinant or natural) partially protecting the CFU- 
GM from the suppression exerted by TNF (and interfer- 
ons). In eight of 15 cases the clonogenic myeloid leukemia 
cells from patients with acute or chronic myeloid leukemia 
were more sensitive than normal CFU-GM using GM-CSF 
as a source of colony stimulating activity. Further studies 
showed that the action of TNF on myeloid leukemia cells 
probably can be only partially explained by differentiation. 
Our finding of a possible selective cytotoxicity to leukemic 
clonogenic cells by TNF suggests that TNF may have value 
in the therapy of some patients with myeloid leukemia. 

e 1987 by Grune & Stratton, Inc. 


culture flasks in alpha medium (Flow Laboratories, McLean, VA) 
supplemented with 10% fetal calf serum (FCS). Cells in logarithmic 
growth were used for plating experiments. Cell concentration and 
viability were determined by counting the cells at various time points 
in 0.4% trypan blue (Gibco Laboratories, Chagrin Falls, OH). 

Bone marrow was obtained from both healthy volunteers and 
leukemic patients by aspiration from the iliac crest after written 
consent was obtained. For anticoagulation, preservative-free heparin 
(O'Neill, Jones and Feldman, St. Louis) was used. The mononuclear 
cells were isolated by centrifugation on Ficoll-Hypaque gradients, 
washed twice in phosphate-buffered saline (PBS), and suspended in 
alpha medium containing 10% FCS and 1% penicillin-streptomycin 
(Irvine Scientific, Irvine, CA). Prior to use in plating experiments 
the light density bone marrow cells from normal volunteers were 
incubated for 90 minutes on plastic surfaces in a humidified, 5% 
CO,, 37°C incubator to deplete adherent cells. Peripheral blood 
mononuclear cells were obtained from leukemia patients using 
similar techniques. Details concerning the leukemia patients are 
provided in Table 2. Bone marrow and peripheral blood samples 
contained more than 90% leukemic cells as determined by morpholo- 
gy. Leukemia cells from all patients with chronic myelogenous 
leukemia contained the Philadelphia chromosome. 

Reagents. Recombinant human tumor necrosis factor’ was gen- 
erously provided by Genentech, San Francisco, and was stored at 
4°C (1 mg corresponds to 3.7 x 10’ U). Before use, dilutions in 
tissue culture medium containing 10% FCS were made. Recombi- 
nant interferons were kindly provided as follows; alpha interferon 
(1.8 x 10’ U/mL) by Hoffmann-La Roche, Nutley, NJ: beta inter- 
feron (1 mg = 45 x 10° U) by Cetus, Emeryville, CA; gamma 
interferon (2 to 3 x 10’ U/mg) by Genentech, San Francisco. 

Colony formation in soft agar. Cells were plated in Lux culture 
dishes (Miles Lab, Naperville, IL) in a two-layer soft agar system 
according to previously described methods.” The underlayer con- 
tained 0.5% agar, the upper layer 0.3% agar (Difco, Detroit). The 
culture medium was alpha medium. The TNF and, if appropriate, 
CSF were mixed into the lower layer. Several sources of CSF were 
used: conditioned medium from a human T lymphocyte line (MO)'; 
human placenta conditioned medium (CM) day 6 [prepared as 
described by Burgess et al’; recombinant human GM-CSF” was 
provided by Dr J.C. Gasson; GCT-conditioned medium” was kindly 
provided by Drs J. Di Persio (UCLA) and C. Abboud (University of 
Rochester); Dr L. Souza (Amgen, Thousand Oaks, CA) generously 
provided recombinant G-CSF.” All sources of CSF were tested at 
different concentrations and used at the optimal dose: 5% CM for 
placental and GCT-conditioned medium. 4% to 5% CM for Mo; 100 
pM for recombinant GM-CSF; 25 ng/mL for recombinant G-CSF. 
The FCS used was prescreened for low background colony formation 
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ACTION OF TNF ON MYELOID LEUKEMIA CELLS 


Table 1. Effects of Tumor Necrosis Factor on Clonal Growth of 
Human Myeloid Leukemia Cell Lines 








EDs” 
Cell Line Reference Description {U/mL} 

HL-60 8 Promyelocytes 6 
HL-60 variant 9 Undifferentiated blasts 7 
EM-3 10 Myeloblasts 8 
U937 11 Monoblasts 12 
KG-1 12 Myeloblasts 45 
KG-1A 13 Early myeloblasts 150 
HEL 14 Bipotentt t 

K562 15 Bipotentt t 

THP-1 16 Monoblasts + 





*50 percent inhibitory concentration of TNF 
tLess than 50 percent inhibition at 10,000 U/ml TNF 
tMonoblast and erythroblast characteristics 


and high stimulation with CSF. For normal human bone marrow 
and leukemic cells, 2 x 10° cells were plated per dish. Myeloid cell 
lines were plated at 1,000 to 5,000 cells per dish. The plating 
efficiency varied between 5% (KG-1) and 38% (K562). The KG-1 
cell line (passage 28) formed colonies only in the presence of CSF. 
Cultures were placed in a humidified atmosphere, 5% CQ, 37°C. 
Normal CFU-GM (colonies of =40 cells) and leukemic colonies 
(aggregates of =20 cells) were scored after ten days with an inverted 
microscepe. All experiments were performed using triplicate or 
quadruplicate plates per experimental point. 

In some experiments HL-60 cells were incubated with different 
concentrations of TNF (20, 50, 500, and 5,000 U/mL) for various 
time points and were washed extensively. The number of surviving 
cells was determined by counting in trypan blue solution. At each 
time point 2,000 viable cells/plate were seeded. Depending on the 
concentration of TNF (5,000 to 20 U/mL), 12% to 97% of the cells 
survived a 24-hour incubation compared to control cultures. To 
demonstrate the specificity of the effects of TNF, 20,000 U were 
incubated at room temperature with 20 ag of neutralizing mono- 


Table 2. Effects of Tumor Necrosis Factor on Clonal Growth of 
Myeloid Leukemia Celis From Patients 








Patient Age Celt EDsot 
No. Initials {years} Diagnosis Source Colonies* (U/mL) 
1 BE 63 AML PB 183 450 
2 MU 18 AML BM 154 t 
3 CR 41 AML BM 84 250 
4 SE 77 AML BM 74 20 
5 HD 20 AML BM 114 2,500 
6 St 27 CML PB 22 150 
7 LA 36 CML PB 42 500 
8 HD 27 CML PB 32 80 
9 BB 34 CML PB 28 1,000 
10 DG 26 CML PB 219 ł 
11 SF 64 CML PB 63 250 
12 BL 63 CMLmyBC BM 97 50 
13 NR 47 CMLmyBC PB 165 20 
14 KD 25 CMLmyBC PB 95 t 


15 MM 30 CMLmyBC BM 252 250 





Abbraviations: AML, acute myelogenous leukemia; CML, chronic 
myelogenous leukemia; myBC, myeloid blast crisis; PB, peripheral blood; 
BM, bone marrow. 

*Number of colonies per 2 x 10° celts plated in dishes not containing 
TNF. 

$50% inhibitory concentration of TNF. 

tLess than 50% inhibition at 10,000 U/mL of TNF. 
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clonal antibody (MoAb) against TNF (kindly provided by Dr Cc. 
Nelson, Genentech, San Francisco) for 90 minutes and then used in 
plating experiments as described. 

DNA, RNA, and protein synthesis. The DNA synthesis was 
studied by exposing TNF-treated cells (10°/mL) to 0.5 aCi methyl 
3H-thymidine (NEN, Boston) for 90 minutes in multiwell tissue 
culture plates (quadruplicate wells per point) in a humidified 
atmosphere with 5% CO). The cells were harvested with a MASH- 
harvester, and isotope uptake was determined with liquid scintilla- 
tion photometry (Beckman [S1800]). The RNA synthesis was 
studied by labeling TNF-treated cells (10°/mL) with 0.5 pCi 
14C-uridine (UdR) for two hours at 37°C (triplicate wells per point), 
washing the cells twice in PBS, precipitating the cells on ice with 5% 
trichloroacetic acid (TCA) for ten minutes, washing twice with 5% 
TCA, and heating for 60 minutes at 80°C. A 200 uL aliquot from 
each sample was mixed with Aquasol (NEN, Boston) and counted in 
a scintillation photometer. Protein synthesis was determined by 
suspending the cells (75,000 cells per microtiter well) in methionine- 
free Earle's medium (Gibco, Grand Island, NY) with 5% FCS and 
exposing the cells to | pCi S-methionine for 90 minutes. Protein 
synthesis was determined as described for DNA synthesis. The 
results for DNA, RNA, and protein synthesis were corrected for cell 
loss during incubation with TNF. 

NBT reduction, nonspecific esterase cytochemistry. For NBT 
reduction, cells were mixed with an equal volume of a solution 
containing 1.25 mg/mL NBT (Sigma, St. Louis), 17 mg/mL bovine 
serum albumin and | ug/mL 12-0-tetradecanoylphorbol | 3-acetate 
(Miles) for 30 minutes in 37°C incubator with 5% CO,, washed in 
PBS, cytocentrifuged; fixed in methanol, and stained with Giemsa 
solution. For cytochemistry the cells were stained for alpha-naphthy!- 
acetate esterase (ANAE), according to routine hematologic methods 
(kindly performed by Dr F. Naiem, UCLA Dept of Pathology}. 

Statistical comparisons. We define synergism to mean the 
proportion of colony growth in the presence of TNF and IFN < 
(proportion of colony growth in the presence of TNF alone) x 
(proportion of colony growth in the presence of IFN alone). There- 
fore synergism may be evaluated by comparing the iogarithm of 
colony growth in the presence of TNF and IFN to the sum of the 
logarithms of growth in TNF alone and IFN alone. For statistical 
analysis we made graphic comparisons and used Student's f test to 
detect synergism at combinations of TNF and interferons and for the 
comparison of different points (analysis kindly performed by Dr D. 
Heitjan, UCLA Dept of Biomathematics). 


RESULTS 


Clonal proliferation of cells from six of nine myeloid 
leukemia cell lines was inhibited by recombinant TNF (Fig 
1, Table 1, mean values of at least three independent 
experiments). The concentration required for a 50% inhibi- 
tion of colony formation in soft agar (EDs) varied between 6 
and 150 U/mL. Colony formation of sensitive lines was 
inhibited almost 100% at 1,000 U/mL. Cell lines that did not 
reach a 50% inhibition at 10,000 U/mL TNF nevertheless 
were still clearly inhibited at this concentration. The effects 
observed are due to TNF since a preincubation with a 
neutralizing MoAb could prevent 97% + 2% (+SD) of the 
inhibition of HL-60 cells (data not shown). In further 
experiments we exposed HL-60 to TNF for different periods 
of time, washed thoroughly the cells three times. counted 
viable cells, and plated them in soft agar. The cloning 
efficiency was drastically reduced after a short exposure to 
TNF (Fig 2). For example, after a three-hour exposure 
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Fig1. Effect of tumor necrosis factor on-clonal 
growth of cells from myeloid lines. HL-60 (@), 
HL-60 variant (O), KG-1 (A), KG-1A (Y), EM-3 (1), 
U937 (W), HEL (+), THP1 (V), K562 (A). Resuits are 
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(37°C) to 50 U/mL TNF, greater than 75% of colonies from 
HL-60 were inhibited. The lowest concentrations of TNF (20 
U/mL) caused a less pronounced decrease in cloning effi- 
ciency than the other concentrations tested. After 24 hours a 
partial recovery in the cloning efficiency was observed, which 
may be due to lysis of the colony-forming cells most sensitive 
to TNF. Similar results were observed with pulse exposure of 
the cells to TNF at either 23°C or 4°C (data not shown). 

We tested the potency of the combination of recombinant 
interferon and recombinant TNF on clonal inhibition of 
leukemic cell lines. A cell line that was relatively insensitive 
to TNF (THP1I myelomonoblasts) was cultured in the pres- 
ence of TNF (0 to 50,000 U/mL) and either a, 8, or y 
recombinant interferons (0 to 5,000 U/mL). A synergistic 
interaction between TNF (=100 U/mL) and interferons 
could be observed at concentrations of either «æ or 8 inter- 
feron at =500 U/mL, and y interferon at =1,000 U/mL. 


a 
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Fig2. Pulse exposure of HL-60 celis to tumor necrosis factor. 


The celis (10°/mL) were exposed to 20 (a), 50 {0}, 500 (0). 5,000 
{@) U/mL TNF for the indicated time, washed, and 2,000 viable 
cells per point were plated in quadruplicate. Colonies were 
counted after ten days. Each point represents the mean + SD of 
two experiments. 


= expressed as a percent of colonies in control 
dishes not containing TNF; each point represents 
the mean of three to seven experiments with 
} triplicate plates per experiment. 


Figure 3A shows the results for the combination experiments 
with 5,000 U/mL of either a, 8, or y interferon and 0 to 
1,000 U/mL TNF using THP1 as test cells. In contrast, 
TNF and y interferon separately cultured with HL-60 in soft 
agar markedly inhibited clonal growth, but combinations of 
TNF and y interferon produced only an additive inhibition of 
clonal growth of HL-60 (Fig 3B). The clonal growth of 
another cell line (HEL) was moderately inhibited by TNF 
but not by interferons; combinations of these agents neither 
caused additive nor synergistic inhibition of clonal growth of 
HEL cells (data not shown). 

Low doses of TNF (20 U/mL for six days) induced a 
partial differentiation of the HL-60 line with 25% of cells 
developing the ability to reduce NBT and 8% of cells staining 
positively with ANAE, an enzyme that is found in monocytes 
and macrophages. The viability of the cells on day 6 of 
culture was =90%. The TNF was unable to induce differen- 
tiation of KG-1 myeloblasts or HL-60 variant blast cells. 

Fresh leukemia cells from 12 of 15 patients with myeloid 
leukemia were sensitive to TNF in the clonogenic assay for 
leukemic cells, with an EDs in the range of 20 to 2.500 
U/mL (Table 2, Fig 4). The cells of four of five cases of 
AML, five of six cases of CML in chronic phase, and three of 
four cases of CML in myeloid blast crisis responded to TNF 
with a clonal inhibition. No obvious correlation between the 
in vitro response to TNF and the induction of remission or 
survival could be observed in the 13 patients in whom 
follow-up was available. We tested CFU-GM from nine 
normal donors and found that TNF also suppressed normal 
myeloid progenitors (Fig 5). However, the degree of suppres- 
sion strongly depended on the source of colony stimulating 
factor used in the assay. In plates containing 10,000 U 
TNF/mL, a suppression of 53% was observed with MoCM 
(CM from HTLV-H-infected T lymphocyte line), 48% with 
recombinant GM-CSF, 97% with placental-conditioned 
medium, 98% with GCT-CM (CM from sarcoma line), and 
100% with recombinant G-CSF. The 50% inhibitory concen- 
tration (ED) varied between 100 U/mL (recombinant 
G-CSF) and 50,000 U/mL (recombinant GM-CSF). (See 
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Fig 3. Effect of tumor necrosis factor and interferon on 


leukemic colony formation. {A} The THP1 myelomonoblast line 
was grown in soft agar with different concentrations of TNF alone 
(@} or in combination with recombinant interferons (5,000 U/mL 
alpha intarferon [O], 5.000 U/mL beta interferon [m]. 5.000 U/mL 
gamma interferon [{]). Synergistic inhibition is shown by one 
{P < 0.07%) or two (P = 0.05%) asterisks. The effects of IFN alone 
are provided at the 0 concentration. {B} The HL-60 promyelocyte 
line was grown in soft agar with TNF alone (@) or in combination 
with recombinant gamma interferon (8 U/mL [O], 24 U/mL (Op. 
Results for 3A and 3B are expressed as a mean percent of colonies 
formed in experimental plates as compared to control dishes not 
containing TNF or interferon; each point represents the mean + 
SD of feur experiments performed with triplicate plates. The 
effects cf interferon alone are shown at the O concentrations of 
TNF. 





Fig 5 for details of the inhibition curves). The TNF dose- 
response curves of normal human GM-CSF stimulated with 
conditioned medium from a HTLV-1-infected T lymphocyte 
line (SLB-1)” as a source of CSF was similar to recombinant 
GM-CSF and MoCM (data not shown). 

We also studied the effect of combinations of recombinant 
a, Bor y interferons with TNF on normal committed myetoid 
progenitors (Table 3). In the presence of T cell-derived 
GM-CSF, little inhibition was observed with interferons 
alone or in combinations with TNF. Using either placental 
conditioned medium or recombinant G-CSF as sources of 
colony stimulating activity, the interferons were clearly 
inhibitory, and the addition of TNF produced an additive or 
synergistic effect (especially at 100 U TNF/mL). 

We examined DNA, RNA, and protein synthesis in 
HL-60 cells in liquid culture after exposure to TNF (20 to 
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Fig 4. Effect of tumor necrosis factor on clonal growth of 
myeloid leukemic cells from patients. Results are expressed as a 
mean percent of colonies formed in experimental plates as com- 
pared to control dishes not containing TNF. Each point represents 
the mean of triplicate plates. Numbers on the right correspond to 
the patient numbers in Table 2. 


500 U/mL) (Fig 6). A dose-dependent decrease in all 
parameters was observed with increasing concentrations of 
TNF, with a significant (P < 0.05) decrease in all three 
parameters occurring within two hours of exposure of the 
cells to TNF. 


100 

J 

QoQ 

x 

E aan 

= 

o 

w | 

ie 

a 50 

i 

= 

e t 

Q 

œx 

a 

a 

0 100 1000 19 000 50 000 
T H F Cus MLD 
Fig 5. Effect of tumor necrosis factor on the clonal growth of 


CFU-GM from bone marrow of normai donors. 2 x 10° light density 
bone marrow cells (depleted of adherent cells) were plated in soft 
agar with various concentrations of TNF and different sources of 
colony stimulating factors (-O-Mo CM [5%], n = 9 donors, 153 + 27 
colonies/control plates containing no TNF; recombinant GM-CSF 
[e]. 100 PM, n = 7 donors, 162 + 29 colonies/control plates: 
placental-conditioned medium [0], 5%. n = 5 donors, 155 + 30 
colonies/control plates; recombinant G-CSF, 25 ng/mL fal ne 4 
donors. 170 + 15 colonies/controt plates). Results are expressed 
as a mean percent (+ SD) of colonies formed in experimental 
plates as compared to control dishes not containing TNF. Each 
experiment was performed with quadruplicate plates per point. 


1106 


Table 3. Effects of Interferons, TNF, and Combinations of TNF and Interferons on Normal Myeloid Progenitors (CFU-GM) 
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Concentration 


Colony Formation (% of Control Plates 
without TNF or Interferons} 


Concentration of TNF 








Source of Colony and Type of hase so si = 
Stimulating Factor interferon o 10 100 U/ml 
MoCM O Interferon 100% 96% + 7% 98% + 5% 
1000 U/mL a IFN 88% + 10% 92% + 6% 90% + 5% 
2000 U/mL 8 IFN 103% + 5% 96% + 12% 91% + 9% 
1000 U/mL y IFN 93% + 11% 95% + 8% 90% + 12% 
PCM O Interferon 100% 92% + 10% 71% + 15% 
1000 U/mL a IFN 70% + 15% 53% + 4% 20% + B%* 
1000 U/mL 8 IFN 83% + 4% 77% + 12% 34% + 18% 
1000 U/mL y IFN 69% + 11% 51% + 8% 13% + 4%* 
Recombinant O Interferon 100% 74% + 16% 45% + 8% 
G-CSF 1000 U/mL a IFN 49% + 10% 38% + 5% 
1000 U/mL 8 IFN 60% + 12% 41% + 15% 
1000 U/mL y IFN 33% + 2% 23% + 5% 











Soft agar cultures were performed as described in ‘‘Materials and Methods 


.”’ Results are mean (+SD) of four experiments and are expressed as 


percent of control cultures without TNF or interferon. In control cultures with MoCM 149 + 23 colonies, in control cultures with PCM 158 + 30 colonies, 
and in control cultures with recombinant G-CSF 170 + 15 colonies per plate were observed. 
Abbreviations: CM, conditioned medium; PCM, placental conditioned medium, recombinant G-CSF. 


“Synergistic inhibition (P < 0.05%). 
DISCUSSION 


Our results suggest that TNF is inhibitory in vitro against 
most myeloid leukemia clonogenic cells from established 
lines and from patients. Recombinant TNF was recently 
shown to have an antiproliferative effect on seven of 22 
nonhematopoietic human tumor lines, whereas five normal 
human diploid lines were enhanced in their growth when 
cultured with TNF. We confirm here studies by others that 
TNF is inhibitory for normal CFU-GM.%* Differences 
between investigators in the concentrations of TNF that 
suppress proliferation are at least partially due to how the 
unitage of TNF was originally determined (eg, in the pres- 
ence or absence of Actinomycin D). We observed a synergis- 
tic inhibition of CFU-GM when a- and y-interferons were 
combined with TNF in the presence of placental CM and 
recombinant G-CSF (8 interferon was synergistic only in 
combination with G-CSF). Earlier studies showed that inter- 
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DURATION OF EXPOSURE TO TNF 


Fig 6. 


ferons are potent inhibitors of myeloid progenitors.” Fur- 
thermore, Broxmeyer et al% found synergism between TNF 
and y-interferons, but not between TNF and «-interferons 
using normal marrow target cells. Why the results of studies 
by Broxmeyer et al% and us differ when examining the 
combined effects of a-interferon and TNF might relate to 
differences in concentrations of a-interferon or in the source 
of CSF used in the two studies. A new finding of this 
investigation is that the source of CSF determines the degree 
of suppression by TNF. A strong suppression of myeloid 
colonies by TNF occurs in the presence of recombinant 
G-CSF or conditioned from placenta and the GCT cell line: 
T lymphocyte derived GM-CSF (recombinant and natural) 
partially protects the myeloid progenitors from the inhibitory 
effects of TNF. We also observed a similar protection of 
myeloid colony formation by T lymphocyte derived GM- 
CSF against the suppressive influences of interferons. 
Further studies are required to determine the mechanism 
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Influence of tumor necrosis factor on DNA, RNA, and protein synthesis of HL-60 celis. The HL-60 celis were incubated with TNF 


(25 [O] and 500 [@] U/mL for DNA synthesis and 20 [O] and 300 [@] U/mL for RNA and protein synthesis), for the indicated time periods, 
washed, and labeled with radioactive precursors. Results are expressed as a mean percent value in experimental dishes as compared to 
control dishes containing no TNF. Each point represents the mean of three experiments performed with quadruplicate cultures. (A), 


DNA-synthesis; {B}, RNA-synthesis: {C}, protein synthesis. 
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by which T lymphocyte derived GM-CSF partially reverses 
the inhibitory action of TNF; (eg, a direct interaction with 
the TNF protein, competition for the TNF receptor, stimula- 
tion of a clonogenic myeloid progenitor cell that is partially 
resistant to TNF, stabilization of protein kinase C). 

The mechanism of inhibition of proliferation of clonogenic 
leukemia cells mediated by TNF is unclear but probably is 
not completely linked to differentiation, since several of the 
most sensitive myeloid lines (KG-1, HL-60 blasts) were not 
induced to differentiate when exposed to TNF. Approxi- 
mately 25% of HL-60 cells differentiated after a six-day 
exposure to TNF (20 U/mL). Takeda et al” have provided 
evidence that TNFa is the same as a previously reported 
protein known as differentiation inducing factor, which can 
induce differentiation of HL-60 cells. Recently receptors for 
TNF were demonstrated on the surface of several cell 
types.™*®! However, the presence of TNF receptors on the 
cell does not necessarily predict that a cell will be sensitive to 
TNF, since a TNF resistant cell line has been reported with 
approximately the same number of TNF receptors as a cell 
line sensitive to the cytotoxic effects of TNF. The syner- 
gism of TNF with gamma interferon, which was originally 
observed by Williamson et al” and which we found for THP! 
myelomonoblast cells, may be due to an increase of the 
number of TNF receptors as has been reported for a cervical 
carcinoma cell line.” We also observed that the cloning 
efficiency and the DNA, RNA, and protein synthesis of 
HL-60 cells decreased within two hours of exposure to TNF, 
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suggesting that TNF very rapidly affects vital cellular func- 
tions. 

When we compared the inhibition of leukemic clonogenic 
cells with the inhibition of normal CFU-GM using T cell 
derived GM-CSF, in eight of the 15 cases (two AML, three 
CML in the chronic phase, and three cases in blast transfor- 
mation), the leukemic cells were more sensitive than the 
mean + SD of normal CFU-GM. 

The reason why most malignant myeloid cell populations 
are sensitive to the growth inhibiting action of TNF and why 
normal myeloid cells may be less sensitive is unclear. Possi 
bilities include differences in affinity or number of TNF 
receptors, differences in the ability to translocate TNF 
across the cell membrane, alteration in critical celular 
substrates needed for the action of TNF, or ineffective repair 
mechanisms in the neoplastic cells. Our in vitro results 
should be interpreted with caution, since we did not prove 
that all in vitro cell aggregates in the soft agar cultures were 
derived from the malignant clone and since the in vitro 
clonogenic cells may not be true tumor stem cells in vivo.“ 
Nevertheless TNF may possibly have value in the therapy of 
patients with myeloid leukemia. In vitro studies with leu- 
kemic clonogenic celis may help to identify these patients. 
The potential toxicity of TNF, including myelotoxicity, must 
be carefully evaluated, since TNF or a closely related 
molecule was found to mediate a variety of adverse effects in 
mice. 


REFERENCES 


1. Gale RP: Progress in acute myelogenous leukemia. Ann Intern 
Med 10!:702, 1984 

2. Koeffler HP, Golde DW: Chronic myelogenous leukemia: New 
concepts. N Eng! J Med 304:1201, 1981 

3. Ruff MR, Gifford GE: Tumor necrosis factor, in Pick E (ed): 
Lymphckines, vol 2. New York, Academic, 1981, p 235 

4. Old LL: Tumor necrosis factor. Science 230:630, 1985 

5. Pennica D, Nedwin GE, Hayflick JS, Seeburg PH, Derynck R, 
Palladino MA, Kohr WJ, Aggarwal BB, Goeddel DV: Human 
tumor necrosis factor: Precursor structure, expression and homology 
to lymphotoxin. Nature 312:724, 1984 

6. Wang AM, Creasy AA, Ladner MB, Lin LS, Strickler J, Van 
Arsdell JN, Yamamoto R, Mark DF: Molecular cloning of the 
complementary DNA for human tumor necrosis factor. Science 
228:154, 1985 

7. Shirai T, Yamaguchi H, Ito H, Todd CW, Wallace RB: 
Cloning and expression in Escherichia coli of the gene for human 
tumor necrosis factor. Nature 313:803, 1985 

8. Callins SJ, Gallo RC, Gallagher RE: Continuous growth of 
human myeloid leukemia cells in suspension culture. Nature 
270:347, 1977 

9. Major PP, Griffin JD, Minden T, Kufe DW: A blast subclone 
of the HL-60 human promyelocytic cell line. Leuk Res 5:429, 1981 

10. Keating A, Martin PJ, Bernstein ID, Papayannopoulou T, 
Raskind W, Singer JW: EM-2 and EM-3: Two new PH' + myeloid 
cell lines, in Golde DW, Marks PA (eds): Normal and Neoplastic 
Hematopoiesis. New York, Liss, 1983, p 513 

11. Sundström C, Nilsson K: Establishment and characterization 
of a human histiocytic lymphoma cell line (U937). Int J Cancer 
17:565. 1976 

12. Koeffler HP, Golde DW: Acute myelogenous leukemia: A 


human cell line responsive to colony-stimulating activity. Science 
206:1153, 1978 

13. Koeffler HP, Billing R, Lusis AJ, Sparkes R. Golde DW: An 
undifferentiated variant derived from the human acute myelogenous 
leukemia cell line KG-1. Blood 56:265, 1980 

14. Martin P, Papayannopoulou T: HEL cells: A new human 
erythroleukemia cell line with spontaneous and induced globin 
secretion. Science 216:1233, 1982 

15. Lozzio CB, Lozzio BB: Human chronic myelogenous leuke- 
mia cell line with positive Philadelphia chromosome. Blood 45:321, 
1977 

16. Tsuchiya S, Yamabe M, Yamaguchi Y, Kobayashi Y. Konno 
T, Tada K: Establishment and characterization of a human acute 
monocytic leukemia cell line (THP-1). Int J Cancer 26:171, 1980 

17. Douer D, Koeffler HP: Retinoic acid-inhibition of clonal 
growth of human myeloid leukemia cells. J Clin Invest 69:277, 
1982 

18. Golde DW, Quan SG, Cline MJ: A human T-lymphocyte cell 
line producing colony stimulating activity. Blood $2:1068, 1978 

19. Burgess AW, Wilson EMA, Metcalf D: Stimulation by 
human placental conditioned medium of hemopoietic colony forma- 
tion by human marrow cells. Blood 49:573, 1977 

20. Wong G, Witek JS, Temple P, Wilkens C, Leary AC. 
Luxenberg DP, Jones SS, Brown EL, Kay RM, Orr EC, Shoemaker 
C, Golde DW, Kaufman RJ, Hewick RM, Wang EA, Clark SC: 
Human GM-CSF: Molecular cloning of the cDNA and purification 
of the natural and recombinant proteins. Science 228:810, 1985. 

21. Di Persio JF, Brennan JK, Lichtman MA, Abboud CN, 
Kirkpatrick FH: The fractionation, characterization, and subcellu- 
lar localization of colony-stimulating activities released by the 
human monocyte-like cell line, GCT. Blood 56:717, 1980 


1108 


22. Souza LM, Boone TC, Gabrilove J, Lai PH, Zsebo KM, 
Murdock DC, Charzin VR, Bruszewski J, Lu Chen KK, Barendt J, 
Platzer E, Moore MAS, Mertelsmann R, Welte K: Recombinant 
human granulocyte colony stimulating factor: Effects on normal and 
leukemic myeloid cells. Science 232:61, 1986 


23. Koeffler HP, Chen ISY, Golde DW: Characterization of a 
novel HTLV-infected cell line. Blood 64:482, 1984 


24. Sugarman BJ, Aggarwal BB, Hass PE, Figari IS, Palladino 
MA, Shepard HM: Recombinant human tumor necrosis factor-a: 
Effects on proliferation of normal and transformed cells in vitro. 
Science 230:943, 1985 


25. Degliantoni G, Murphy M, Kobayashi M, Francis MK, 
Perussia B, Trinchieri G: Natural killer (NK) cell-derived hemato- 
poietic colony-inhibiting activity and NK cytotoxic factor. J Exp 
Med 162:1512, 1985 


26. Broxmeyer HE, Williams DE, Lu L, Cooper S, Anderson SL, 
Beyer GS, Hoffman R, Rubin BY: The suppressive influences of 
human tumor necrosis factor on bone marrow hematopoietic progen- 
itor cells from normal donors and patients with leukemia: Synergism 
of tumor necrosis factor and interferon-y. J Immunol 136:4487, 
1986 


27. Broxmeyer HE, Lu L, Platzer E, Feit C, Juliana L, Rubin 
BY: Comparative analysis of human gamma, alpha and beta inter- 
ferons on human multipotential (CFU-GEMM), erythroid (BFU-E) 


MUNKER AND KOEFFLER 


and granulocyte-macrophage (CFU-GM) progenitor cells. J 
Immunol 131:1300, 1983 

28. Raefsky EL, Platanias LC, Zoumbos NC, Young NS: Stud- 
ies of interferon as a regulator of hematopoietic cell proliferation. J 
Immunol 135:2507, 1985 

29. Takeda K, Iwamoto S, Sugimoto H, Takuma T, Kawatani N, 
Noda M, Masaki A, Morise H, Arimura H, Konno K: Identity of 
differentiation inducing factor and tumour necrosis factor. Nature 
323:338, 1986 

30. Kull FC, Jacobs S, Cuatrecasas P: Cellular receptor for 
"51 -labeled tumor necrosis factor: Specific binding, affinity labeling, 
and relationship to sensitivity. Proc Natl Acad Sci USA 82:5656, 
1985 

31. Williamson BD, Carswell EA, Rubin BY, Prendergast JS, 
Old LJ: Human tumor necrosis factor produced by human B cell 
lines: Synergistic cytotoxic interaction with human interferon. Proc 
Natl Acad Sci USA 80:5397, 1983 

32. Aggarwal BB, Eessalu TE, Hass PE: Characterization of 
receptors for human tumor necrosis factor and their regulation by 
interferon. Nature 318:665, 1985 

33. Beutler B, Greenwald D, Hulmes JD, Chang M, Pan YCE, 
Mathison J, Ulevitch R, Cerami A: Identity of tumor necrosis factor 
and the macrophage-secreted factor cachectin. Nature 316:552, 
1985 

34. Beutler B, Cerami A: Cachectin and tumour necrosis factor 
as two sides of the same biologic coin. Nature 320:584, 1986 


Fetal Hemoglobin-Containing Cells Have the Same Mean Corpuscular 
Hemoglobin as Cells Without Fetal Hemoglobin: A Reciprocal Relationship 
Between Gamma- and Beta-Globin Gene Expression in Normal Subjects and 

in Those With High Fetal Hemoglobin Production 


By G.J. Dover and S.H. Boyer 


We have developed methodology that allows comparison 
of the mean corpuscular hemoglobin (MCH) of fetal hemo- 
globin (HbdF)-containing red cells {F cells) with the MCH of 
non-F ceils from the same individual. To do this, suspen- 
sions of peripheral blood erythrocytes and their internal 
contents are fixed with an imidodiester, dimethy!-3,3'- 
dithiobispropionimidate dihydrochloride (DTBP). Thereaf- 
ter fixed cells are made permeable to antisera by treat- 
ment with Triton X-100 and isopropanol, reacted with a 
mouse monoclonal antibody (MoAb) against HbF, and then 
with fluorescein-conjugated antimouse IgG. No appreciable 
hemoglobin is lost during such manipulation. Red cells from 
a diversity of subjects were thus treated and examined 
microscopically, first by transmitted light and then by 
epifluorescence. A direct correlation between Coulter- 
derived MCH and mean absorbance of 415 nm transmitted 


HROUGHOUT normal adult erythropoiesis, hemoly- 
sate fetal hemoglobin (HbF) persists at a low level of 
usually less than 2.0%. This small amount of HbF is 
restricted to a subpopulation of erythrocytes, termed F cells.’ 
F cells contain both HbF and adult hemoglobin (HbA). 
While the amount of HbF within F cells has been directly 
measured and found to range from 3 to 8 pg HbF/F cell it is 
not known whether the mean corpuscular hemoglobin 
(MCH) of F cells is greater than that of non-F cells from the 
same individual. Hence it is not clear whether F cells are (1) 
formed as a result of HbF being superimposed upon HbA 
content with the result that the MCH of F cells would 
become greater than that of non-F cells, or (2) the MCH is 
held constant among F cells and non-F cells in any one 
individual. The latter observation, if true, would suggest that 
HbF ard HbA content is reciprocally regulated within F 
cells. In this report we introduce new methodology to com- 
pare the MCH of F cells and non-F cells. We find that F cells 
and non-F cells have equal MCH, both in normal adults and 
in individuals with increased HbF production. 


MATERIALS AND METHODS 


Subjects. EDTA anticoagulated blood was obtained from nor- 
mal persons, from patients with sickle cell (SS) disease, and from 
individuals with hereditary persistence of HbF (HPFH), beta* 
thalassemia, or congenital anemia (Fanconi’s anemia and Diamond- 
Blackfan anemia). 

Red cell fixation, Prior to fixation, 0.5 mL whole blood was 
washed ence with 3 mL phosphate-buffered saline PBS (20 mmol/L 
sodium phosphate, pH 7.4, 0.13 mol/L NaCl) and twice with 3 mL 
0.125 mol/L borate-saline, pH 8.37.2 To cross-link erythrocyte 
proteins. and thus fix cells“ 0.1 mb of ice-cold borate saline 
containing 50 mg/mL dimethyl-3,3’-dithiobispropionimidate dihy- 
drochloride (DTBP) (Pierce Chemicals, Rockford, IL) was added to 
1 mL washed cell suspension having an approximately 3% hemato- 
crit and the mixture gently rotated in a capped 1.5 mL polypropylene 
Eppendorf tube (Brinkman Instruments, Westbury, NY) for 30 
minutes at 37°C. Thereafter unreacted DTBP was consumed by 
introducing the mixture into a 12 x 75-mm glass tube containing 2 
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light was found for 100 unfixed {r = 0.96) and for 100 
antibody-treated fixed-permeabilized red cells {r = 0.99) 
among individuals selected so as to provide a range of 
Coulter MCH values between 20 and 35. Comparisons of 
microscopically derived MCH of F cells and non-F cells 
were statistically nondistinguishable (P > 0.05) in all sub- 
jects. Such comparisons included normal individuals (less 
than 1% F cells), SS patients (7% to 48% F ceils), subjects 
with congenital anemia (22% to 65% F cells), individuals 
with heterocellular hereditary persistence of HbF (HPFH) 
(12% to 21% F cells), and heterozygotes for beta“ thalasse- 
mia (11% to 31% F cells). We conclude that gamma- and 
beta-globin production within F cells is regulated in a 
reciprocal fashion both among normal individuals and 
among individuals with elevated HbF production. 

è 1987 by Grune & Stratton, Inc. 


mL ice-cold 62 mmol/L diethanolamine in borate saline. After brief 
mixing cells were pelleted by 30-second centrifugation at 1,000 x g 
and resuspended in 4 mL of the 62 mmol/L diethanolamine solution. 
Five minutes later fixed ceils were recovered by centrifugation and 
resuspended in 2 mL PBS containing 3% bovine serum albumin and 
0.025% NaN,. To preclude later cell clumping, |-mL aliquots of the 
resuspension were briefly vortexed just before storage af — 85°C, 
Red cell permeabilization. Ten microliters of a thawed suspen- 
sion of fixed ceils, containing approximately 10° erythrocytes, were 
introduced into a 1.5 mL polypropylene Eppendorf tube filled with a 
Millipore-filtered (Bedford, MA) solution of scintillation-grade 
0.8% Triton X-100 (Research Products International. Elk Grove, 
IL) in PBS. After two to five minutes, cells were centrifuged for 12 
seconds in a model 5413 Eppendorf centrifuge. Following careful 
removal of supernatant, 0.5-mL filtered 2.5% Triton X-100 in PBS 
was added and cells quickly resuspended by 10- to 15-second vortex 
mixing. So as to permeabilize cells further, 0.5 mL isopropanol was 
immediately added, tube contents were again vortex mixed for a few 
seconds, and the suspension was at once centrifuged for 30 seconds at 
1,000 x g in a Clay-Adams Sero-Fuge H (Parsippany, NJ). The 
desired result was to deposit erythrocytes as an even band along the 
side of the tube, thereby avoiding unwanted clumping. After super- 
natant removal, cells were vortex mixed with | mL filtered 0.8% 
Triton X-100 in PBS and recovered by 12-second centrifugation in 
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the Eppendorf centrifuge. Thereafter cells were resuspended in a 
residual supernatant volume of about 20 uL. If fixed permeabilized 
cells had been seen to clump during centrifugation in the Clay- 
Adams device, or if they were to be examined by flow cytometry, 
they were briefly sonicated using a cup sonicator (Heat Systems- 
Ultrasonics, Plainview, NY) set at maximum output until any 
clumps had visibly dispersed. 

Monoclonal anti-HbF and immunofluorescent staining of cells. 
Monoclonal antibodies (MoAbs) against HbF, purified from an 
individual with homozygous pancellular HPFH,° were developed 
from a Balb/c mouse given (1) 100 ug of a 3:1 (wt/wt) HbA:HbA, 
mixture on the day of birth, in an attempt to induce tolerance to 
these antigens; and (2) beginning at age 4 weeks, seven intraperito- 
neal injections of 0.4 to 0.75 mg HbF plus Freunds adjuvant over a 
10-month period. Antisera obtained just before sacrifice reacted 
with HbA, albeit less well than with HbF. Two days after the last 
injection of HbF, polyethylene glycol 4,000 (Merck, Dormstadt, 
Germany) was used to fuse 10* spleen cells from the immunized 
mouse with 10° SP2/0-Ag!4 mouse myeloma cells.’ Two weeks after 
seeding in the presence of peritoneal macrophages and after begin- 
ning selection with hypoxanthine-aminopterin-thymidine.*” hybrid- 
omas were found in 48% of 960 culture wells. Media from the 50 
wells with the most rapidly propagating cells were screened for 
reactivity with CO-HbF and CO-HbA affixed to Immulon (Dyna- 
tech Laboratories, Alexandria, VA) surfaces of 96-well plates. 
Eleven anti- HbF clones were detected following reaction with alka- 
line phosphatase-coupled anti-antibody. Ten of these clones reacted 
better with HbF than with HbA. Ascites fluids from pristane-primed 
mice”? injected with semisoft agarose-derived subclones from one of 
these hybridomas, termed 15-3.1, persistently reacted at least 100- 
fold better with HbF than with equivalent quantities of HbA. 15-3.1 
is a sturdy cell line that grows readily in culture, remains reproduc- 
ible in its anti- HbF production, and has resisted loss during repeated 
episodes of freezing-thawing over a 5-year period. However, the 
affinity of the anit-HbF thus produced is comparatively low, and, 
while it binds readily to excesses of immobilized HbF, it reacts 
poorly with trace levels of HbF in solution and therefore cannot be 
utilized in conventional radioimmunoassays. 

For F-cell identification, 20 aL of a suspension of fixed and 
permeabilized cells was reacted with 50 aL of 15-3.1 in the form of 
mouse ascites fluid containing 25 mg/mL protein and about 5 
mg/mL anti-HbF. After 15-minute incubation at room temperature 
with periodic agitation, cells were twice washed with 1 mL filtered 
0.8% Triton X-100 in PBS using an Eppendorf centrifuge. Recov- 
ered cells were then reacted with 50 uL of 0.8 mg/mL Fluorescein- 
conjugated F(ab’), fragment of affinity-purified rabbit antimouse 
IgG (Cooper Biomedical, Westchester, PA). After a 15-minute 
reaction in the dark, cells were twice washed with | mL filtered 0.8% 
Triton X-100 in PBS. For microscopy, cells were suspended in a 
solution composed of | vol 10 mg/mL p-phenylenediamine (Sigma, 
St. Louis) in PBS and 9 vol glycerol? and mounted on glass 
microscope slides under cover slips sealed with fingernail polish. 

Determination of absorbance of 415 nm light by individual F 
cells and non-F cells. A Zeiss universal microscope equipped for 
both transmitted light and epifluorescence, a rapid shutter mecha- 
nism, and a photomultiplier interfaced to a Hewlett Packard 9825A 
computer was used for all microscopic measurements. Light from a 
100 W mercury lamp was transmitted through a 415 + 9 nm band 
pass filter (Infrared Industries, Waltham, MA), and the light 
absorbance for 100 individual red cells was measured at 500X using 
a Zeiss 25X Neofluar immersion objective. For each cell the light 
absorbance was measured in a circular field 10 wm in diameter. 
Background light absorbance from an adjacent field, free of cells, 
was subtracted from each measurement. Paired observations for the 
cell and background were stored and collated in the computer. 
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Background light was kept uniform between slides by manipulation 
of the microscope condenser and normalization of photomultiplier 
output from an empty field, thereby ensuring reproducible measure- 
ments. In assays where comparisons cf 415 nm light absorption from 
F cells and non-F cells were to be made, each cell was also viewed 
under >520 um emitted epifluorescence so as to distinguish between 
F cells and non-F cells. 

The percentage of F cells was separately determined for each 
sample by estimating the proportion of fluorescent cells found 
among 500 fixed and permeabilized erythrocytes. In addition, 
suspensions of fluorescent-labeled cells were analyzed in an Ortho 
Cytofluorograf (Ortho Instruments, Boston) equipped with 0.8 mW 
helium-neon and 100 mW argon lasers. Percent HbF in whole blood 
hemolysates was measured by alkali denaturation. The number of 
alpha-globin genes in subjects with SS disease and microcytosis was 
determined via restriction enzyme analysis of DNA derived from 
peripheral blood leukocytes.” Statistical analysis of the difference 
between MCH of F cells and non-F cells was performed by testing 
the null hypothesis with Student's 7 test. 


RESULTS 


HbF detection with monoclonal anti-HbF. For a variety 
of subjects, measurements of the percentage of F cells. as 
determined by visual enumeration of fluorescent cells labeled 
with monoclonal anti-HbF (15-3.!) and antimouse IgG, 
were no different (data not shown) than the percentage of F 
cells detected by immunoprecipitate assays with polyclonal 
rabbit anti-HbF antibodies. ? The same was true when 
suspensions of permeabilized, fixed red cells, reacted with 
the same monoclonal anti-HbF and secondary antibody, 
were assayed by flow cytometry. As seen in Fig l, two 
populations of cells with distinctive fluorescent levels were 
evident in flow cytometry assays. For each subject illustrated 
in Fig l, the percentage of all red cells that exhibited the 
higher fluorescence level was indistinguishable from the 
percentage of F cells identified visually at the microscope. 

MCH v 415 nm light absorbance of individual erythro- 
cytes. The mean absorbance of 415 nm light for 100 
untreated RBCs was identical to that of 100 fixed, perme- 
abilized RBCs. For example, in one subject, average light 
absorption (+SD) for fresh RBCs was 110 + 28 absorbance 
units, while that of fixed and permeabilized RBCs was 11] + 
28 units. Additions of MoAb and fluorescent secondary 
antibody did not affect these mean values, Such measure- 
ments verified that no hemoglobin is lost during the fixation 
and permeabilization procedures. Furthermore, cell mor- 
phology is maintained. For example, biconcave discs, sphero- 
cytes, and reversible and irreversible sickle forms were 
readily identifiable in permeabilized, fixed cells in the same 
proportion as in untreated cells. 

To transform absorbance of 415 nm light into MCH, 
mean absorbance for 100 RBCs from each of a series of 
individuals was plotted against whole blood MCH measured 
in a Coulter Model S (Coulter Instruments, Hialeah, FL). 
As apparent in Fig 2A, there was a close correlation 
ír = 0.96) between mean 415 nm light absorbance by fresh 
RBCs suspended on glass slides and the MCH as determined 
by a Coulter counter. Figure 2B demonstrates that similar 
measurements performed on DTBP-fixed permeabilized 
RBCs, to which monoclonal anti-HbF and fluorescent anti- 
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Fig 1. Flow cytometry analysis of red cells from an individual 
with heterocellular HPFH (panels A and 8) and an individual with 
SS disease (panels C and D). Peripheral blood red cells were fixed, 
permeabilized. and then successively reacted with monocional 
anti-HbF and fluorescein-conjugated secondary antibody {see 
“Methods”’). Panels A and C are cytograms, where the X axis 
equals fingar-scale analysis of axial extinction of light {a measure- 
ment of cell shapes and sizes) and the Y axis equals logarithmic- 
scale analysis of right angle green fluorescence intensity. 
Reflected light from a helium-neon taser {630 nm) detects axial 
extinction, while an argon laser (480 nm) is used to detect right 
angle flucrescent emission (510 to 530 nm). Rectangular region 1 
in panels A and C was defined to exclude cell doublets and 
encompasses erythrocytes of 4- to 10-um diameter. Panels B and 
D are histograms depicting right angle green fluorescence {X axis) 
v cell number (Y axis). Paneis B and D each represent 10,000 cells 
detected within region 1 from panels A and C, respectively. Region 
2 in panels B and D demarcates a tow-fluorescence non-F cell 
populatian, while region 3 demarcates a high-fiuorescence F cell 
populatian. The proportion of ceils in region 3 of panel B was 
22.3% and in panel D was 72.1%. 


body had been applied, leads to an equally good correlation 
(r = 0.99) between mean absorbance at 415 nm and the 
MCH as determined by Coulter assay. Thus, mean light 
absorbance from untreated and treated RBCs accurately 
reflect Coulter-derived values over a wide range of MCH and 
F cell levels. 

MCH of F cells v non-F cells. Comparisons of the MCH 
measured by 415 nm absorbance of F cells v that of non-F 
cells were made in several groups of individuals. Figure 3 
illustrates measurements of microscopically derived MCH in 
F cells r non-F cells for 11 individuals with SS disease. As 
seen, there was no difference over a wide range of MCH 
values between the MCH of F cells and non-F cells in any of 
the individuals studied (P > 0.05). As noted in Fig 3, three of 
these individuals were known to have associated alpha- 
thalassemia. 

Five individuals with HbS-beta* thalassemia, and one 
with HbA-beta* thalassemia were analyzed using the same 
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Fig 2. Mean absorbance of 415 nm light by 100 red cells 
compared to Coulter determined MCH for unfixed red cells (panel 
A) and for fixed, permeabilized red cells (pane! B} reacted with 
anti-HbF antibody and fluorescent anti-antibody. Subjects included 
one pancellular HPFH (100% F ceils), one heterozygote for hetero- 
cellular HPFH (21% F cells), one Fanconi’s anemia (65% F cells}, 
and two normal subjects (1% F cells}; the remainder were $SS 
subjects. Differences in slopes between panels A and B (1.5 and 
0.9 respectively) are attributable to variation in light intensity and 
sensitivity of the photomultiplier. On any one day, however, values 
were reproducible. 


methodology (Fig 4). Figure 4 also illustrates comparisons of 
MCH of F cells v non-F cells in two normal subjects, two 
individuals with heterocellular HPFH with 12% and 21% F 
cells, and five untransfused individuals with congenital ane- 
mia, including one with Diamond-Blackfan anemia and four 
with Fanconi’s anemia exhibiting F cell levels from 22% to 
65%. In no individual was the MCH of F cells and non-F cells 
different (P > 0.05). 

The degree of variability in hemoglobin content was 
similar for F cells and non-F cells. Among SS patients shown 
in Fig 3, the coefficient of variations (SD divided by mean) 
for hemoglobin content of F cells and non-F cells were no 
different (F cell: mean coefficient of variation = 20%, range 
15% to 25%; non-F cells: mean coefficient of variation = 
21%, range 16% to 30%). The same was true when compari- 
sons of F cells and non-F cells were made for the heteroge- 
neous group of individuals in Fig 4 (F cell: mean coefficient 
of variation = 17%, range 12% to 21%: non-F cells: mean 
coefficient of variation = 16%, range 12% to 25%). Further- 
more, coefficients of variation were not correlated with the 
MCH or with F cell percentages in subjects described in 
either Fig 3 or Fig 4. 
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Fig 3. MCH for F cells and non-F cells in eight subjects with 
homozygote SS anemia and variable numbers of aipha-globin 
genes. F cells in these persons ranged from 7% to 48%. In this 
figure MCH was determined by assuming that the mean absorb- 
ance of 100 consecutive identified cells was proportional to the 
MCH determined by Coulter analysis. A standard line was then 
constructed, as in Fig 2B, and mean absorbance of 415 nm light for 
F cells and non-F cells was converted to MCH using this standard 
line. For each subject, 50 F cells were compared to 50 non-F celis 
regardiess of the proportion of F celis present. The identification 
of F cells and non-F cells was made as described in “Methods.” 


DISCUSSION 


We and others have noted that in normal individuals and 
in individuals with hemoglobinopathies, HbF production 
precedes HbA production as cells mature from pronormo- 
blast to reticulocytes.'*'4 Our previous work focused on the 
fact that HbF production is restricted to a subset of erythro- 
cytes, F cells.'!5 We wondered whether F cells made the 
same amount of HbA as non-F cells or whether early HbF 
production somehow restricted the amount of HbA produced 
in F cells. In this report we illustrate methodology that allows 
us to compare directly the hemoglobin content of F cells v 
non-F cells. We conclude from assays of a variety of subjects 
that F cells have the same MCH as non-F cells. Our data 
suggest that HbF and HbA production in adults are recipro- 
cally controlled, regardless of the number of F cells pro- 
duced. In addition, the fact that the MCH of F cells and 
non-F cells is identical suggests that the events that initiate 
HbF production within a red cell precursor indirectly lead to 
decreased HbA production in that same cell. 

A reciprocal relationship between gamma- and beta- 
globin production can also be inferred from other studies. For 
example, decreased production of beta-globin and associated 
increases in gamma-globin are seen in some, although not all, 
patients with beta-thalassemia, '®" in individuals with pan- 
cellular (deletion) HPFH and delta-beta thalassemia, ° 
and in two nondeletion forms of HPFH.”®? Heretofore, such 
reciprocity between gamma- and beta-globin gene produc- 
tion was gauged by measuring globin production in all 
hemoglobin-producing cells. Our data now establish that the 
same kind of reciprocal regulation exists within F cells from 
normal! individuals and those with SS anemia, beta” thalas- 
semia, or congenital anemia. 
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Fig 4. Comparison of the MCH of F cells and non-F cells in 
normals, in subjects with HbS-beta” thalassemia or HbA-beta” 
thalassemia, and in individuals with an elevated HbF production 
due to congenital anemia or heterocellular HPFH. MCH values and 
F cell identification were determined as outlined in “Methods” and 
Fig 3. 


By what mechanism are HbF and HbA reciprocally 
controlled? Since HbF is produced earlier than HbA during 
erythroid development, >" one might assume that the attain- 
ment of some absolute level of hemoglobin per cell would 
inhibit further hemoglobinization. This could result in 
decreased HbA production during late erythroid maturation 
within F cells. However, our data indicate that HbF and 
HbA remain reciprocally controlled over a wide range of 
MCH. Thus total hemoglobin content cannot, in itself, be the 
mediator of reciprocity between HbF and HbA production. 
A second possibility is that total hemoglobin production is 
controlled by the concentration of hemoglobin within cells, 
ie, MCHC. Indeed, early work by Yataganas” and Stohl- 
man” indicate that erythroid progenitors stop dividing and 
hemoglobin biosynthesis falls away once a critical MCHC is 
attained. The importance of total hemoglobin concentration 
in erythropoietic development is underscored by the fact that 
the MCHC of eukaryotic red cells remains almost constant 
among evolutionarily divergent mammalian species.” Abso- 
lute hemoglobin content (MCH), on the other hand, is quite 
variable among species.* MCHC may therefore be the 
“hemostat” that curtails hemoglobin biosynthesis and may 
indirectly be responsible for reciprocal production of HbF 
and HbA. One might imagine that both F cells and non-F 
cells shut down hemoglobin production after some critical 
concentration of hemoglobin is attained. While the resulting 
F cells and non-F cells would have identical MCH, the early 
production of HbF would be later associated with a compen- 
satory decrease in HbA. 
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Contrasting Patterns of DNA Strand Breakage and 
ADP-Ribosylation-Dependent DNA Ligation During Granulocyte 
and Monocyte Differentiation 


By Z. Khan and G.E. Francis 


Previous studies have shown that structural changes in 
DNA, including the ligation of pre-existing DNA breaks and 
the opening and closure of new breaks, occur shortly after 
exposure of granulomonocytic precursors (CFU-GM) to 
granulocyte-macrophage colony stimulating activity (GM- 
CSA). Monocytic differentiation of CFU-GM is selectively 
inhibited by compounds known to inhibit the nuclear 
enzyme ADP-ribosy! transferase (ADPRT). Since this 
enzyme, which transfers ADP-ribose units to chromatin 
proteins, is known to activate DNA ligase, we attempted to 
determine whether ligation of one or both types of DNA 
break is required for monocytic differentiation. Breaks in 
DNA were examined using the nucleoid sedimentation 
technique in which DNA breaks cause loss of DNA super- 
coiling in nucleoids and concomitant changes in their 


HE RIBOSYLATION of proteins by the nuclear 
enzyme ADP-ribosyl transferase (ADPRT) has been 
implicated as an obligatory event in differentiation in several 
eukaryotic cell systems.'* This chromatin-bound enzyme 
transfers ADP-ribose units from NAD* to chromatin pro- 
teins forming homopolymers.’ The enzyme is activated by 
DNA strand breakage,’® and the ensuing ribosylation of 
chromatin proteins in turn activates DNA ligase. ™" It has 
been demonstrated that ADPRT is necessary for the repair 
of some types of DNA damage,'*” but it is not yet known 
whether the role of ADPRT in differentiation is linked to 
DNA ligation. ADP-ribosylation reactions are involved in a 
number of other cellular processes that might conceivably 
influence differentiation. Recent experiments in this labora- 
tory'*? did, however, suggest that DNA ligation might be an 
essential step in monocytic differentiation. First, the expo- 
sure of bone marrow progenitor cells to granulocyte-macro- 
phage colony stimulating activity (GM-CSA) is rapidly 
followed by an increase in ADPRT activity. Secondly, this is 
associated both with the closure of pre-existing DNA strand 
breaks and with the opening and closure of new breaks. 
Thirdly, the use of a variety of inhibitors of ADPRT prefer- 
entially inhibited monocytic differentiation of CFU-GM (as 
well as having the anticipated effect of delaying DNA 
ligation). 
Since the early studies'*'* had used a combined granulo- 
cyte-monocyte differentiation stimulus, the object of this 
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sedimentation through neutral sucrose gradients. We here 
report that two distinct patterns of DNA strand breakage 
and ligation are associated with differentiation to the 
granulocyte and monocyte lineages. Monocytic inducers 
(phorbolester and vitamin D3) predominantly produce clo- 
sure of pre-existing strand breaks, whereas granulocytic 
inducers (granulocyte colony stimulating activity, G-CSA; 
retinoic acid) cause opening and closure of new breaks. 
Only ligation of the pre-existing breaks is highly sensitive 
to inhibition by 3-methoxybenzamide (a potent ADPRT 
inhibitor), and only monocytic differentiation is impaired by 
addition of this compound. These findings suggest that 
DNA structural changes may be directly involved in granu- 
locyte-macrophage switching. 

© 1987 by Grune & Stratton, Inc. 


study was to investigate whether inducers specific for granu- 
locytic and monocytic differentiation behave differently with 
respect to the patterns of DNA strand breakage and/or 
ligation that follow induction to differentiation. We also 
wished to determine whether the monocytic differentiation 
induced by the pharmacologic agents phorbol myristate 
acetate (PMA) and vitamin D3 can, like the monocytic 
differentiation induced by GM-CSA, be inhibited by 
ADPRT inhibitors. The intention here was to establish 
whether agents acting by different mechanisms all require 
ADPRT. 


MATERIALS AND METHODS 


Bone marrow samples. These were obtained from healthy 
human volunteers with the approval of the Ethical Practices Com- 
mittee of the Royal Free Hospital. Nonadherent low density bone 
marrow cells were prepared as previously described." 

Differentiation inducers. The following differentiation inducers 
were used: Phorbol myristate acetate (PMA) (Sigma Chemical, 
Poole, UK): 1,25-dihydroxyvitamin D3, all-trans retinoic acid (both 
gifts from Roche Products, Welwyn Garden City, UK); granulocyte- 
macrophage colony stimulating factors (GM-CSA) from either 
phytohemagglutinin-stimulated human peripheral blood leukecyte- 
conditioned medium (PHA-LCM) or unstimulated peripheral blood 
leukocytes (LCM): G-CSA from human umbilical cord conditioned 
medium (UCM; a gift of Dr T.C.M. Morris). PHA-LCM,'* LCM," 
and UCM" were prepared as described elsewhere and were used 
without further purification of the contained activities. It should be 
noted that although the term GM-CSA is used to refer to the activity 
derived from the former, we do not exclude the possibility that this 
material contains G-CSF, multi-CSF, and other biological activi- 
ties, 

Nucleoid sedimentation. The technique used was essentially 
that of Weniger” devised for the detection of low levels of DNA 
breaks induced by irradiation. The principle of this method is te lyse 
and strip cells of most of their protein in a high salt solution 
containing neutral detergents, which releases DNA in the form of 
nucleoids (highly ordered structures fixed by residues of mem- 
branes). Since the DNA in nucleoids exhibits a supercoiled struc- 
ture, the presence of strand breaks increases the free rotation of 
DNA and therefore decreases the numbers of superhelical turns. 
This leads to a decrease in the sedimentation constant of the 
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nucleoids. The band of nucleoids is made visible by staining with the 
fluorescent dye ethidium bromide. The advantage of this method is 
that it is more sensitive than most other techniques and also avoids 
the detection of breaks at apurinic sites, which are induced by 
alkaline conditions (required for alkaline sucrose gradients and the 
Birnboim and Jevcak technique used in our previous study)."* 

Nonadherent low density (<1.077 g - cm’) bone marrow cells 
(5 x 10° cells/mL) were exposed to the various differentiation 
inducing compounds for 20 to 120 minutes in the presence and 
absence of 5.0 mmol/L 3-methoxybenzamide (3-MB), washed once 
in Dulbecco's phosphate-buffered saline (PBS) at 4°C (without 
3-MB), and resuspended in PBS at 2 x 10’ cells/mL. Cells were 
lysed on top of a 15% to 30% linear (10 mL) sucrose gradient 
containing 2 mol/L NaCl, 10 mmol/L Tris-HCI pH8, 10 mmol/L 
EDTA Na, and 30 pg/mL ethidium bromide. The gradients were 
overlayered with 0.4 mL of lysis mixture: 0.1 mol/L Tris, 2 mol/L 
NaCl, 1G mmol/L EDTA pH 8. 0.5% triton X100, and 30 we /mL 
ethidium bromide. Aliquots of 100 uL of the cell suspensions (2 x 
10° cells) were layered onto the lysis mixture and left for 15 minutes 
at 20°C. Gradients were centrifuged for 60 minutes ina 6 x 14SW 
rotor (MSE) at 75,000 g. The cellulose nitrate tubes were then 
illuminated at 366 nm, and the position of the fluorescent ethidium 
bromides/DNA band in each tube was marked. The ratio of the 
sedimentation distance of the DNA of control cells (which had not 
been exposed to differentiation inducer) to the sedimentation dis- 
tance of DNA from treated cells was used to express results. 

ADP ribosyl transferase assays. ADPRT was assayed in perme- 
abilized, low density (<1.077 g - cm~), nonadherent bone marrow 
cells by incorporation of (7H]-NAD (kindly provided by Dr W. 
Wish) into acid insoluble material, essentially as previously 
described.'* Cells were exposed to differentiation inducers for 30 
minutes prior and for 30 minutes during the permeabilization step of 
; (by incorporating an appropriate concentration of the 
inducing agent in the hypotonic solution). Cells were washed in 
Puck’s saline A (5.4 mmol/L MgCl, 137 mmol/L NaCl, 4.2 
mmol/L. NaHCO,), then resuspended into hypotonic solution for 
permeabilization (9 mmol/L HEPES pH 7.8, 5 mmol/L dithiothrei- 
tol, 5.5 mmol/L. glucose [wt/vol], 2% dextran of approximate mol wt 
110,060. 1.0 mmol/L EDTA, 4.5 mmol/L MgCl). After approxi- 
mately 90% permeabilization (as detected by trypan blue), usually 
30 to 40 minutes, a ninefold volume of isotonic buffer was added 
giving a final concentration of 1.4 x 10’ cells/mL. The isotonic 
buffer cantained 40 mmol/L HEPES pH 7.8, 130 mmol/L KCI, 2.5 
mmol/L dithiothreitol, 2% (wt/vol) dextran, 225 mmol/L sucrose, 2 
mmol/L EDTA, and 2.3 mmol/L MgCl. Triplicate samples of 300 
ul. of this cell suspension were incubated at 26°C with 50 uL of 140 
umol/L. PH]-NAD* (26 Ci/mmol/L) in isotonic buffer. At 10 
minutes the incubation was terminated by the addition of 0.5 mL of 
ice-cold 10% (wt/vol) trichloracetic acid containing 5 mmol/L 
NAD* and 2% tetrasodium pyrophosphate. For a positive control, 
permeabilized cells were treated with 20 uL of 2 mg/mL bovine 
pancreas deoxyribonuclease 1 (Sigma Chemicals, Poole, UK) in 10 
mmol/L Tris HCI (pH 7.8) and 5 mmol/L MgCl,. In addition, 
trichloracetic acid was added at time zero to triplicate samples of 
unstimulated cells to assess nonspecific binding. After 30 minutes at 
0°C, the cell precipitate was filtered onto glass fiber discs using a 
Skatron cell harvester. The discs were washed five times with 2% 
(wt/vol) trichloracetic acid containing $ mmol/L nicotinamide and 
2% (wt/vol) tetrasodium pyrophosphate. The acid insoluble material 
was dissolved in hyamine hydroxide and radioactivity estimated by 
scintillation counting. 

Bone marrow cultures. Nonadherent, low density bone marrow 
cells were cultured for seven days in 200 uL suspension cultures in 
microtitre plates and assessed for differentiation induction using 
dual esterase staining as previously described.’ Cells were exposed 
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to the differentiation inducers with and without 3-MB throughout 
the culture period. One millimolar 3-MB was used because higher 
levels can be toxic and also because this is a level known to 
significantly inhibit monocytic differentiation in GM-CSA stimu- 
lated cultures.'* Appropriate diluent controls were used for unstimu- 
lated cells. With the differentiation inducers, since the cells also 
require a growth stimulus, we used 5% PHA-LCM. This was not, of 
course, used in the G-CSA cultures and was replaced by 5% LCM 
(as a source of GM-CSA) in some cultures. After the culture period 
cells were harvested by cytosedimentation and were stained for 
nonspecific and chloroacetate esterase activity." 


RESULTS 
Figure | summarizes the results of experiments in which 
breaks in DNA were detected by loss of DNA supercoiling in 
nucleoids and their subsequent changes in sedimentation 





co 
fs 
<= 
= 
= 
= 
= 
5 
= 
= 
o 
8 
2 
4 
= 

iiinneag 

E 40 80 zo F 40 80 120 

DURATION OF EXPOSURE ( MIN } 

Fig 1. Migration ratios on nucleoid sedimentation gradients 


following treatment with physiologic and pharmacologic differen- 
tiation inducers. (A) GM-CSA (5% PHA-LCM or 5% LCM): (B} 
GM-CSA + 5.0 mmol/L 3-methoxybenzamide; (C) 10° mol/L 
PMA; (D) 10° mol/L retinoic acid; (E) 10°? mol/L 1-25,dihydroxy 
vitamin D3; (F) G-CSA (50% umbilical cord-conditioned medium). 
Results are mean of four, four, five, six. five and two independent 
experiments for A through F respectively. With monocytic induc- 
ers (PMA and Vitamin D3) the increase in migration ratio indicates 
the closure of pre-existing strand breaks, With the granulocytic 
differentiation inducers (retinoic acid and G-CSA) there is opening 
of new strand breaks that are closed within 50 to 90 minutes of 
exposure. With a source of GM-CSA (PHA-LCM}, closure of 
pre-existing strand breaks predominates in the absence of ADPRT 
inhibitor (3-MB), but in its presence there is opening and closure of 
new breaks similar to that seen with the granulocytic inducers. 


1116 


through neutral sucrose gradients. Differences in sedimenta- 
tion rate were expressed as a migration ratio relating the 
distance migrated by the test preparation to the distance 
migrated by nucleoids from the untreated control. Migration 
ratios >! and <1 indicate DNA with less and more breaks 
respectively than present in the control preparation. As in 
previous experiments using a different technique, the expo- 
sure of cells to GM-CSA (obtained from two different 
sources, PHA-LCM and LCM) produced dual effects (Figs 
1A and 1B): first, the closure of pre-existing strand breaks: 
secondly, in the presence of 5.0 mmol/L 3-methoxybenzam- 
ide, a potent inhibitor of ADPRT, there was also evidence of 
the opening and subsequent closure of new breaks. Unstimu- 
lated cells do not (as demonstrated in earlier studies) show 
such DNA breaks when exposed to 3-MB. 

We next looked at the effects of two known inducers of 
monocytic differentiation (PMA and vitamin D3) and two 
inducers of granulocytic differentiation (retinoic acid and 
G-CSA). The results in Figs 1C through IF show two 
distinct patterns of DNA strand breakage and ligation. The 
monocytic inducers predominantly show closure of pre- 
existing strand breaks, and the granulocytic inducers show 
opening of new strand breaks followed (within 50 to 90 
minutes of exposure) by their ligation. 

To assess whether both types of break require ADP-ribosy! 
transferase for their ligation, cells were exposed to both 
granulocytic and monocytic inducers of differentiation in the 
presence of 3-methoxybenzamide. Figure 2, panels A and C, 
shows that this agent effectively prevents the closure of 
pre-existing strand breaks. In addition, the nucleoid sedi- 
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Fig 2. The effect of ADPRT inhibitor (5.0 mmol/L 3-methoxy- 


benzamide) on nucleoid sedimentation after exposure to differen- 
tiation inducers. Dashed and solid lines show migration ratios with 
and without inhibitor respectively. Differentiation inducers are (A) 
107° mol/L PMA; {B} 10°° mol/L retinoic acid; (C) 10°° mol/L 
1-25,dihydroxy vitamin D3; (D) G-CSA (50% umbilical cord- 
conditioned medium). 
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mentation profiles with PMA and vitamin D3 in the presence 
of 3-MB indicate that new strand breaks are also opening. 
These breaks are not seen without 3-MB because their effect 
on the nucleoid profile is masked by the closure of pre- 
existing strand breaks, this being the predominant effect. In 
contrast to inhibition of ligation of pre-existing breaks, some 
ligation of new breaks was evident (as an upward trend) in 
four of five profiles with 5 mmol/L 3-MB (Fig 1B and Fig 
2A, Band D). 

DNA breaks are known to activate the enzyme ADP- 
ribosy! transferase. Despite the different nucleoid sedimenta- 
tion profiles, there was no gross difference (Fig 3) between 
the four different compounds with respect to the level of 
activation of ADPRT. Nor was there any difference between 
the two groups of compounds with respect to the kinetics of 
activation of ADPRT. Assays at an earlier time point (10 
minutes) than that of Fig 3 also failed to show differences 
between the two groups (data not shown). In all cases, as one 
might expect, this was much lower than the activation 
produced by DNA damage (eg, nuclease-induced DNA 
strand breakages). 

Contrasting effects of ADPRT inhibitor 3-methoxybenz- 
amide on granulocytic and monocytic differentiation induced 
by the four compounds are shown in Fig 4. To avoid toxicity 
(since agents were incorporated throughout the culture peri- 
ed), lower concentrations of both the inducers and the 
ADPRT inhibitor were used than in other experiments. As in 
previous studies with GM-CSA, monocytic differentiation 
was inhibited, whereas granulocytic differentiation was 
spared or even enhanced. Thus the pharmacologic inducers 
behave in a similar way to GM-CSA. 


DISCUSSION 


The results of nucleoid sedimentation experiments con- 
firmed our earlier finding" (using a fluorometric method” to 
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Fig 3. ADPRT activity levels («SEM) after treatment with 


differentiation inducers for one hour (30 minutes before and 30 
minutes during the cell permeabilization step) and with bovine 
pancreatic nuclease (positive control). 3-methoxybenzamide 2.5 
mmol/L abolished all activity with each of the inducers (data not 
shown). 


DNA BREAKS, ADPRT. AND DIFFERENTIATION 


— 100 
2 
+ 
& 
S so 
se 
E 0 
Fig4. Effect of ADPRT inhibitor (1 mmol/L 
3-methoxy-benzamide, 3-MB) on differentia- 
tion induction. The structural analogue 3- 
methoxybenzoic acid (1 mmol/L MBA), which — 100 
is not significantly inhibitory for ADPRT, was) = 
used as a control. PMA 3 x 10° mol/L; 5 
Retinoic acid (RET) 10°? mol/L; vitamin D3 $ 
10°? mol/L; G-CSA 10% UCM. Cells were s 58 
typed by dual esterase staining into:chloroace- ~~ 
tate esterase positive cells (CAE* granulo- = 
cytes}; nonspecific esterase positive cells Rs Q 


(NSE* monocytes); and negative cells (NEG). 
Results are representative examples of three 
experiments for each agent. Other doses of the 
same agents were also tested (data not 
shown). Inhibition of ADPRT by 3-MB reduced 
the monocytic differentiation in these cultures 
but not the granulocytic. 


assess DNA strand breakage) that stimulation of bone 
marrow cells by GM-CSA is associated both with the closure 
of pre-existing strand breaks and with the opening of new 
breaks. To demonstrate the latter, the cells have to be 
exposed to an inhibitor of the nuclear enzyme ADP-ribosyl 
transferase, which inhibits the closure of pre-existing strand 
breaks (the predominant effect in GM-CSA stimulated 
cultures). The inhibitors of ADPRT not only affect the 
closure of DNA strand breaks induced by GM-CSA®™ but 
have an effect on the differentiation potential of the cells so 
treated.'* Both in this and earlier studies, GM-CSA-stimu- 
lated bone marrow cells exposed to a range of ADPRT 
inhibitors show selective inhibition of monocytic differentia- 
tion while retaining the ability to differentiate to the granulo- 
cytic lineage.'* Although the evidence for involvement of 
ADPRT in monocytic differentiation is indirect, no known 
property of the inhibitory compounds, other than their 
relative capacities to inhibit ADPRT, correlates closely with 
their capacity to inhibit monocyte formation. 

Analysis of the response to agents that selectively promote 
either granulocytic or monocytic differentiation revealed two 
distinct patterns, with monocytic differentiation being asso- 
ciated predominantly with closure of pre-existing strand 
breaks and granulocytic differentiation being associated with 
the opening of new breaks. The shift in the pattern of 
nucleoid sedimentation seen when GM-CSA is used in the 
presence and absence of 5.0 mmol/L 3-methoxybenzamide 
not only mimics the two different nucleoid sedimentation 
patterns seen with monocyte and granulocyte inducers 
respectively but also produces a shift in the differentiation 
pattern observed. It therefore seems likely that the DNA 
structural changes reflected by the different patterns in the 
nucleoid sedimentation may well be directly involved in 
granulocyte-macrophage switching. 

The changes in DNA supercoiling observed with G-CSA 
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and vitamin D3 (Figs 1C and F) were less pronounced than 
for retinoic acid and PMA respectively (Figs 1C and D} and 
this could reflect differences in the intensity of the differen- 
tiation stimulus. The only divergence in pattern observed was 
the decline in migration ratio at 120 minutes with vitamin D3 
not observed with PMA. Such a change could be due to cell 
damage by the agent. 

The experiments shown in Fig 2 investigated the effect of 
ADPRT inhibitor (5 mmol/L 3-MB), added with the four 
differentiation inducers. on nucleoid sedimentation. With all 
four inducers there were shifted nucleoid profiles, indicating 
that the ligation of some, but not necessarily all, DNA breaks 
is dependent on ADPRT. In addition, the experiments with 
ADPRT inhibitor revealed that all five compounds (GM- 
CSA in Fig 1B; PMA, RET, D3, G-CSA in Fig 2A through 
D., dashed lines) induced the net opening of new strand 
breaks. This was not seen with the monocyte inducers and 
GM-CSA without 3-MB because it was masked by closure of 
pre-existing strand breaks causing a net increase in migra- 
tion ratio. Since in four of five profiles with 3-MB there is an 
upward trend after the nadir in migration ratio, this suggests 
that at least some ligation occurs at 5 mmol/L 3-MB (twice 
the concentration required to inhibit all detectable enzyme 
activity after one hour of incubation), Whether this upward 
trend is due to the ligation of the new breaks just formed or to 
a shift in the balance between opening of new and ligation of 
pre-existing breaks cannot be established from these profiles. 
One can conclude, however, that ligation of new breaks (or of 
a subset of pre-existing breaks) is either ADPRT indepen- 
dent or much less sensitive to inhibition of 3-MB than the 
ligation of all or most pre-existing DNA breaks. 

The findings in marrow cultures (Fig 4) suggest a simple 
interpretation of these results. 3-MB, even at | mmol/L, 
significantly inhibits monocytic differentiation induced 
either by PMA (3 x 10° — 3 x 10°? mol/L) or by vitamin 
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D3 (107° mol/L); it also inhibits the residual monocytic 
differentiation in RET (10°? — 10°° mol/L) and G-CSA- 
stimulated cultures. In contrast, granulocytic differentiation 
was not inhibited but was even enhanced by 3-MB. Taken 
together, the nucleoid and culture findings suggest that 
monocytic differentiation is associated with and dependent 
on ADPRT-dependent ligation of pre-existing breaks. All 
the five inducers also cause the opening of new breaks, and 
since ADPRT inhibitors only significantly affect monocytic 
differentiation, one has to conclude that either (1) the 
ligation of new breaks (if it occurs) is not ADPRT mediated, 
or (2) in time it escapes the competitive inhibition of 3-MB, 
or (3) ligation is ADPRT mediated, but is not an essential 
step in differentiation to either lineage. On balance, in view 
of the nucleoid profiles obtained with 5 mmol/L 3-MB, we 
favor the first hypothesis. 

The new breaks seem unlikely to be due to DNA damage. 
Sham-treated, unstimulated cells do not acquire breaks over 
this time scale.'® Also, a consistent degree of damage is 
unlikely with five dissimilar agents. All the agents, including 
the pharmacologic inducers, directly or indirectly stimulate 
cell growth? prior to terminal differentiation. Although 
DNA synthesis does directly involve DNA strand breakage, 
this is unlikely to be the cause of the breaks seen here because 
of the rapidity with which they occur. The demonstration in 
recent studies that the DNA breaks induced by retinoic acid 
are protein associated (Francis, Berney, Khan, and North, 
unpublished) raises the possibility that DNA topoisomerases 
might cause the transient new DNA breaks and relaxation of 
supercoiling observed here. This might explain a DNA 
ligation step refractory to ADPRT inhibitors. Signal trans- 
duction in the epidermal growth factor system seems to 
involve DNA topoisomerase.**”* Involvement of DNA topoi- 
somerases in the regulation of eukaryocyte gene expression is 
also suggested in other systems.” 

Since ADPRT activity is increased by DNA strand break- 


KHAN AND FRANCIS 


age, enzyme assays were performed to determine whether 
the enzyme activity was higher with one or other types of 
inducer. The observation that the levels of enzyme activation 
are similar with the four compounds suggests that differ- 
ences in enzyme activity are not responsible for the differ- 
ences observed in behavior of nucleoids. In this and in our 
previous studies,'*!* unstimulated cells (ie, cells that had 
neither been exposed to GM-CSA nor to a differentiation 
inducer) had very low levels of ADPRT activity. This 
suggests that the pre-existing breaks that close with mono- 
cytic differentiation are present in some form that does not 
activate the enzyme. 

Why should the granulocytic inducers activate ADPRT if 
the breaks induced do not appear to require ADP-ribosyla- 
tion for ligation? Ferro and Olivera™ have suggested that 
ADP ribosylation may be important in regulation of DNA 
topoisomerase activity, specifically in the prevention of inap- 
propriate ligation (eg, sister chromatid exchanges). If, as we 
suspect, DNA topoisomerases are responsible for the new 
DNA breaks, concomitant activation of ADPRT might also 
have a role in that reaction distinct from its apparent role in 
regulation of DNA ligation in monocytic differentiation. 

This study contributes to the increasing body of evidence 
that DNA strand breakage and ADP-ribosyl transferase- 
mediated DNA ligation is involved in eukaryotic cell differ- 
entiation. 4 Jt is, as far as we are aware, the first report in 
which differentiation to two distinct but related cell lineages 
has shown different behavior with respect to DNA strand 
breakage and ligation. The present study indicates that in 
addition to a generalized involvement in differentiation, 
ADP-ribosylation may be specifically associated with lineage 
switch mechanisms, whereby pluripotent progenitor cells 
give rise to several lineages of differentiated progeny. 
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Stromal Growth Factor Production in Irradiated Lectin Exposed Long-Term 
Murine Bone Marrow Cultures 


By Thomas A. Alberico, James N. thle, Chi-Ming Liang, Helen E. McGrath, and Peter J. Quesenberry 


Hematopoietic regulatory factors produced by adherent 
{stromal) cells in long-term murine bone marrow cultures 
have been investigated. Using an in situ double layer agar 
overlay system, we demonstrated that exposure of the 
stromal cells to 1,100-rad irradiation increased their activi- 
ties in stimulating colony formation of FDC-P1, an interleu- 
kin 3 (IL 3)-responsive cell line. The colony-stimulating 
activities (CSAs) of the irradiated stroma also stimulated 
normal marrow cells to form granulocyte-macrophage, 
megakaryocyte, and mixed lineage colonies. Addition of 
the lectin pokeweed mitogen to the irradiated stroma 
increased the level of CSAs. The FOC-P1 CSA of the 
irradiated stroma was inhibited by antibodies directed 
against murine granulocyte-macrophage colony stimulat- 
ing factor (GM-CSF) but not by those against murine IL 3. 


OLONY-stimulating activities (CSAs) are important 
for the proliferation of hematopoietic stem cells in in 
vitro clonogenic cultures. ™? Cytokines such as erythropoietin, 
granulocyte-macrophage colony stimulating factor (GM- 
CSF), interleukin 3 (IL 3), granulocyte CSF (G-CSF), and 
macrophage CSF (CSF-1) are known io have stimulating 
activities on their target cells.*'? Recently these cytokines 
have been purified, and recombinant DNA-derived proteins 
have been produced from bacteria and mammalian cells.*'° 
The functions and regulation of these cytokines in hemato- 
poietic systems, however, have not beer thoroughly evalu- 
ated. 

Using a long-term murine bone marrow culture, Dexter 
and Lajtha'® and Dexter et al!’ have developed a system that 
provides a useful in vitro model for exploring hematopoietic 
regulation. The Dexter system, which simulates the bone 
marrow microenvironment, is composed of a complex adher- 
ent layer formed by both hematopoietic cells and adherent 
nonhematopoietic (stromal) cells. Although this culture sys- 
tem supports prolonged production of granulocytes, megaka- 
ryocytes, and macrophages, carly studies of the conditioned 
medium had shown little or only transiently detectable 
amounts of CSAs.'® Using a double layer agar overlay 
system, Heard et al’? improved the sensitivity of the assays 
and successfully demonstrated elaboration of CSA from the 
adherent cell population of long-term murine cultures. Sub- 
sequently, Gualtieri et al” have shown that after in vitro 
radiation of Dexter culture, CSAs are markedly increased. 
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Stromal-derived CSA for marrow cells was also partially 
blocked by anti-GM-CSF antibodies, probably reflecting the 
presence of other CSAs such as CSF-1. This latter growth 
factor has been found to be present in conditioned media 
from Dexter stroma, but levels are not increased after 
irradiation or lectin exposure. Partially purified GM-CSF, 
like IL 3, stimulated FDC-P1 proliferation and granulocyte, 
macrophage, and megakaryocyte colony formation. These 
results indicate that the major terminal differentiating 
hormone elicited by irradiation or lectin exposure of murine 
marrow stromal cells is GM-CSF. This growth factor, along 
with CSF-1, can account for the differentiated progeny 
produced in this system: macrophages, granulocytes, and 
megakaryocytes. 

e 1987 by Grune & Stratton, Inc. 


The elicited CSAs, however, have not yet been identified and 
characterized. 

In this paper we reported that treatment with lectin 
pokeweed mitogen further increased the CSAs’ elaboration 
by irradiated adherent stromal cells. The secreted CSAs 
were identified by using antibodies directed against known 
cytokines. 


MATERIALS AND METHODS 


Long-term bone marrow cultures. Long-term liquid murine 
bone marrow cultures were established as previously described.” 
Bone marrow obtained from the tibias and femurs of either ICR or 
BDFi 12- to 20-week-old female mice (Dominion Labs, Dublin, VA 
and Jackson Labs, Bar Harbor, ME. respectively} were used. 
Cultures were established in 25 cm’ Corning tissue culture flasks 
either from single cell suspensions or by expelling the marrow trom 
one tibia and one femur directly onto the flask. Alternatively, 
cultures were carried out in 35 mm? Corning tissue culture plates or 
0.32 cm? 96-well Costar flat bottom tissue culture microtiter wells 
from single cell suspensions. In all experiments, although variable 
volumes of Fishers’s media, 20% horse serum, and 10°7 mol/L 
hydrocortisone were used, cell concentrations were established 
between 3 to 4 x 10° cells per cc. Cultures were incubated at 33°C 
with 5% CO). They were maintained with weekly demidepopulation 
and replenished with cell-free fresh media. 

In vitro irradiation. After three weeks of growth (one experi- 
ment was carried out to four weeks), nonadherent cells were 
removed, and all cultures were totally depopulated. The stromal 
layer was then exposed to 1,100 rad, using a gamma-cell 40 cesium 
137 irradiation unit (Atomic Energy of Canada Limited, Ottawa, 
Canada) ata rate of 123 to 126 rad per minute. Control unirradiated 
stromal layers were included in each experiment. In one series of 
experiments, stromal layers were exposed to varying levels of irradia- 
tion (250, 700, 900, 1,100, 1,500, and 2.000 rad). After exposing 
these cultures to irradiation, they were incubated another seven days 
at 33°C with 5% CO, and 95% humidity. After seven days. of 
incubation postirradiation, all supernatant media was removed and 
the stroma was assessed directly for CSA. Alternatively (see below), 
condition media was harvested from these cultures and assessed for 
CSA levels. 

Stromal assay for colony-stimulating activity. Stroma was 
assayed for CSA using the method described by Heard et al? and 
modified by Gualtieri et al.” Seven days postirradiation all superna- 
tant media was removed from these cultures, and a double-layer 
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agar system was employed to assay for CSA. Briefly, an underlayer 
of McCoy's 5A media with 2 mmol/L I-glutamine, 16 «g/mL 
L-asparagine, 8 ng/mL L-serine, | mmol/L sodium pyruvate, | x 
10°* mercaptoethanol, and 15% fetal calf serum, mixed in equal part 
with 1% agar, was added to these cultures (after all supernatant had 
been removed) and allowed to gel for 20 to 30 minutes. This layer 
separated the adherent stromal cells from the target cell population. 
In a number of these experiments, including variable-dose radiation 
experiments, potential stimulatory effect of pokeweed mitogen 
(GIBCO, Grand Island, NY) was examined by adding this lectin at 
a final concentration of 2.5 wg/mL to the underlayer of both 
irradiated and nonirradiated cultures. After allowing this underlayer 
to gel, an overlayer was then added containing McCoy’s media with 
additives plus 0.3% agar, along with the target cell population. The 
target cell populations were either the IL 3-dependent cell line, 
FDC-P1,” or ICR or BDF! murine marrow cells at a concentration 
of 0.5 to I x 10° cells/mL. Cultures were incubated for seven days at 
37°C and 5% CO). After incubation all cultures were removed from 
the incubator, fixed with formalin, and, by using a dissecting 
microscope, colonies of 50 cells or greater were scored. 

Bioassays of conditioned media. In experiments where the 
conditioned media was used to measure the CSA produced by the 
stromal cells, Dexter cultures were established and irradiated as 
described above. The adherent layers were then incubated in media 
with or without 2.5 ug/mL pokeweed mitogen for 24, 48, 96, 120, 
168 hours. At these time points the conditioned media was collected 
and used as a stimulus in a single layer version of the agar culture 
system described above. Unconcentrated conditioned medium was 
added at various levels to stimulate both FDC-P1 and fresh murine 
marrow colony formation in the agar cultures. Media from Dexter 
flasks with no cells and with and without pokeweed mitogen at a 
concentration of 2.5 ug/mL served as controls. 

Colony morphology. Colonies are classified as macrophage. 
granulocyte, macrophage/ granulocyte, macrophage/ monocyte (see 
legend for Table 1) and megakaryocyte. Soft-agar cultures were 
fixed in 10% formalin seven days after plating, and whole-agar slide 
preparations were then made from these cultures,” These slides were 
then stained for acetylcholinesterase and counterstained with hema- 
toxylin. Megakaryocyte colonies were defined as aggregates of three 
or more acetylcholinesterase-positive cells, and mixed colonies were 
defined as colonies that had <90% of the predominant cell type. 
Degenerate colonies were scored when distinctive morphological 
features were absent. 

Antibody blocking experiments with adherent feeder layer. 
Dexter cultures were established and maintained in Costar 96-well 
microtiter tissue culture plates, as described above, to carry out 
experiments that involved limited amounts of reagents (ie, antibody 
to IL 3). Initial concentrations in the Costar 96-well microtiter 
plates were 3 to 4 x 10® cells/mL with a volume of 0.3 mL per well. 
All wells were demidepopulated weekly with total depopulation and 
replacement with cell-free media at three weeks and exposure of the 
adherent layers to 1,100 rad. Underlayers and overlayers contained 
the same concentration of McCoy’s media and agar as described 
above. A total of 0.22 mL was used in each well, with 0.12 mL in the 
underlayers and 0.1 mL in the overlayer. Additives were plated in 
the underlayer or added directly to the overlayer. Additives included 
pokeweed mitogen at a concentration of 2.5 ug/mL, antibody to IL 3 
at] mg/mL, and/or control rabbit IgG at | mg/mL. Antibody to IL 
3 and control rabbit immunoglobulin was prepared as described by 
Bowlin et al.” Antibody to IL 3 at a concentration of | mg/mL 
totally inhibited FDC-P1 incorporation of tritiated thymidine, 
whereas control rabbit IgG at the same concentration showed no 
inhibition. 

Antibody blocking of CM. In experiments assessing anti-IL 3 
antibody blocking of conditioned media (cm), target cell populations 
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were cultured in 96-well microtiter or Terasake plates using the agar 
system previously described. These target cells included the IL 3- 
dependent cell line FDC-P1 or normal murine marrow cells. Similar 
experiments utilizing stromal-derived cm were carried ont using 
antibodies to recombinant GM-CSF (see below). 

Polyclonal antibodies against recombinant Escherichia coli- 
derived murine GM-CSF. Purified recombinant murine GM-CSF 
(200 ug/rabbit) in an emulsion formed by equal volume of normal 
saline and Freund’s complete adjuvant was injected into New 
Zealand white rabbits (2 mL./rabbit) at multiple sites intradermally. 
The rabbit was boosted with the same amount of antigen in Freund's 
incomplete adjuvant twice at one-month intervals. Serum was 
obtained ten to 14 days after each boost. The anti-GM-CSF serum 
was partially purified by precipitation with 40% ammonium sulfate, 
followed by dialysis against phosphate-buffered saline (PBS), pH 
7.2. The solution was then incubated at 56°C to inactivate comple- 
ment. The preparation from } mL of rabbit serum generally vielded 
10 to 15 mg of rabbit IgGs. These anti-GM-CSF antibodies neutral- 
ized the cell proliferative activity of recombinant murine GM-CSF 
while pre-immune serum showed no effect. 

Assay of natural murine GM-CSF (GM-CS A-2) or recombinant 
GM-CSF for FDC-P1 colony-stimulating activity. GM-CSA-2 
was partially purified from supernatants of concanavalin A (Con 
A)-activated splenic T lymphocytes.” Briefly, this involved remov- 
ing BALB/c spleens, gently mashing them, and washing these cells 
in RPMI 1640. This suspension was cleansed of RBCs and was 
cultured with 5 ug/mL of Con A for 48 hours at 37°C. Cells were 
removed by centrifugation, and the supernatant was used for purifi- 
cation. The purification of the supernatant included ammonium 
sulfate precipitation with subsequent dialysis against a phosphate 
buffer. This dialysate was clarified by centrifugation at 16,000 RPM 
for 30 minutes and then applied to a diethyl aminoethyl (DEAE) 
cellulose column. The GM-CSA-2 activity was eluted from the 
column at 0.1 mol/L NaCl? This GM-CSA-2 purified in this 
manner is serologically and biochemically distinct fram IL 3 and is 
not inhibited by antibody to IL 3.7 One unit of activity is defined as 
the amount of GM-CSA-2 that in 1 mL gives 50% maximal 
stimulation of a GM-CSA-responsive cell population. In a single- 
layer soft-agar system consisting of McCoy's SA media plus addi- 
tives and 0.3% agar {at a concentration of 80 U/mL), GM-CSA-2 
was assayed for FDC-P1 CSA, These cultures were incubated for 
seven days at 37°C, 5% CO). After seven days they were removed 
from the incubator, fixed with formalin, and colonies of 50 cells or 
greater were scored. Alternatively, recombinant E col/-derived 
murine GM-CSF was tested.” 

Sources of IL 3. UL. 3 was purified to homogeneity from 
WEHI-3-conditioned media, as previously described.’° Briefly, con- 
ditioned media from WEHI-3 murine myelomonocytic leukemia 
cells was concentrated on a 10,000-mol wt Amicon membrane. 
Ammonium sulfate fractionation was then used with a 50% to 80% 
fraction chromatographed on DEAE cellulose. IL 3. unlike GM- 
CSF, was not bound to the resin and was collected in the fow- 
through fraction. The flow-through fraction was concentrated and 
further purified by hydroxyl appatite column chromatography. 
followed by G70 Sephadex and high-pressure liquid chromatogra- 
phy.'°?’ The IL 3 preparations were then diluted in RPMI 1640 with 
10% fetal calf serum and assayed for IL 3 using thymidine incorpo- 
ration into the FDC-P1 indicator cell line, as previously described.” 
The preparation of IL 3 contained 0.2 ng/U of activity, with one unit 
of activity defined as the amount of IL 3 that in | mL gives 50% of 
maximal tritiated thymidine incorporation into FDC-Pi cells in 
culture. 

Histochemical stains of stroma. Histochemical stains were used 
to evaluate the cytochemistry of the stromal cell population follow- 
ing XRT and pokeweed mitogen exposure. These included alpha 
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naphthyl acetate (nonspecific) esterase, acid phosphatase, and alka- 
line phosphatase. Stromal cells were stained 48 hours after exposure 
to XRT and pokeweed mitogen. Over 500 cells were counted per 
35-mm plate, and percent positivity was scored qualitatively 0 to 4+. 
Cells in the 2 to 4+ range were scored as positives. 


RESULTS 


In situ stromal assay for growth factor production. The 

capacity of nonirradiated and irradiated 3- to 4-week-old 

Dexter stroma to produce a growth factor capable of stimu- 

lating proliferation of FDC-P1 cells is shown in Fig 1. Total 

colonies of 50 cells or greater were scored at seven days. 

There was an 18.2-fold increase in the numbers of FDC-P1 

colonies stimulated by the irradiated stroma as compared to 
the nonirradiated stroma. However, cclony growth in this 
system did not approach that seen with IL 3-rich WEHI- 
3-conditioned media; in these preparations FDC-P1 colonies 
were too numerous to count. Pokeweed mitogen (PWM) 
stimulates IL 3 production from T lymphocytes. Thus we 
added this to the adherent Dexter cell underlayer to evaluate 
its effect on the irradiated and nonirradiated stromal growth 
factor production (Fig 2). Addition of pokeweed mitogen at a 
concentration of 2.5 ug/mL to nonirradiated stroma did not 
increase colony formation of the FDC-P} cell line in the agar 
overlayers as compared to nonirradiated stroma without 
pokeweed mitogen. However, when the pokeweed mitogen 
was added to the underlayer of cultures with irradiated 
stroma, we found an 11.4-fold increase in colony numbers as 
compared to irradiated stroma without pokeweed mitogen. 
Different levels of irradiation were also assessed with and 
without the addition of PWM. As before, there is a marked 
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Fig 1. In situ stromal assay for FDC-P1 CSA from irradiated 
and nonirradiated adherent celis in Dexter culture. Adherent 
stromal layers from 3- to 4-week-old Dexter stroma were overlaid 
with 0.5% agar and McCoy's media, followec by a second over- 
layer consisting of 0.3% agar and media and the FDC-P1 target cell 
population (see Materials and Methods). CSA levels are expressed 
as the mean number of FDC-P1 colonies per 5 x 10° target cells +1 
SEM. These data are pooled from seven experiments. Two to four 
flasks or petri dishes were scored per group in each experiment. 
Abbreviations: OR = no irradiation; 1100R = 1.100 rad. 
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Fig 2. in situ stromal assay for FDC-P1 CSA from irradiated 
and nonirradiated adherent cells in Dexter culture after exposure 
to pokeweed mitogen (PWM). These experiments were carried 
out as described in the legend for Fig 1, except for the addition of 
2.5 ug PWM to the O and 1,100-rad groups (see Materials and 
Methods). The FDC-P1 cells were plated at 5 x 10° in these 
experiments, as opposed to 5 x 10° in the experiments presented 
in Fig 1. CSA levels are expressed by mean numbers of FDC-P1 
colonies/5 x 10* target cells + 1 SEM. These data were pooled 
from three experiments, with three to four flasks or petri dishes 
scored per group in each experiment. Abbreviations: OR = no 
radiation; OR PWM = no radiation with pokeweed mitogen; 
1100R = 1,100 rad; 1100R PWM = 1,100 rad with pokeweed 


mitogen. 


increase in FDC-P1 CSA with the addition of PWM, with 
activity reaching a plateau at 700 rad (Fig 3). Although 
detectable, FDC-P1 CSA is lower without the addition of 
PWM, and there is a similar increase in FDC-P1 CSA with 
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Fig 3. In situ assay for FDC-P1 CSA from Dexter culture 
adherent cells after exposure to varying irradiation levels with and 
without the addition of pokeweed mitogen (2.5 ug/mL). Abscissa 
represents escalating doses of radiation to which the adherent 
cells were exposed. This experiment was performed in a manner 
identical to that described in Fig 2, except for the varying levels of 
radiation. CSA ievels are expressed as mean number of FDC-P1 
cotonies/5 x 10‘ target cells + 1 SEM. This graph represents one 
of two experiments that were qualitatively similar. Three to four 
petri dishes were scored per group in each experiment. ©, 
Irradiation + PWM: @, irradiation atone. 
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Fig 4. in-situ stromal assay evaluating the effect of anti-IL 3 
antibodies on FDC-P1 CSAs generated from irradiated pokeweed 
mitogen stroma. Antibody to IL 3 was prepared by rabbit innocula- 
tion as described by Bowlin et al.” Antibody (Ab) and control IgG 
were plated at a dose of 1 mg/mL along with pokeweed mitogen at 
a concertration of 2.5 g/mL in the underlayer. Target cell 
population was the FDC-P1 cell line. Cultures were established in 
microtiter wells; these data represent two experiments, with four 
to six microtiter wells scored per group in each experiment. CSA 
levels are expressed by mean numbers of FDC-P1 colonies x 10° 
target cells +1 SEM. TNTC refer to cultures in which colonies 
were toe numerous to count. Legend in left upper quadrant of 
figure indicates that IL 3 at a concentration of 4 ng/mL stimulated 
FDC-P1 colonies that were TNTC. Ab at 1 mg/mL totally blocked 
IL 3-stimulated FDC-P1 colony formation, whereas control rabbit 
IgG (1 mg/mL} did not inhibit colony formation. 


irradiation alone, which plateaus at 1500 rad. These data 
suggested that the FDC-P1-stimulating activity from lectin- 
stimulaied irradiated stroma might be IL 3. However, an 
antibody to IL 3 that effectively blocked pure IL 3 stimula- 
tion of clonal growth of FDC-P1 cells in a double-layer agar 
system did not block irradiated PWM stromal-induced col- 
ony formation; in fact, both the IgG control and anti-IL 3 
antibody increased colony formation (Fig 4). 

Assays of conditioned media. As stated previously, we 
(and others) have had difficulty in detecting significant 
levels of myeloid growth factors from Dexter culture condi- 
tioned media. We also have had repeatedly negative results 
when conditioned media was assayed for IL 3 using tritiated 
thymidine-incorporation into the FDC-P1 line. It was for this 
reason that the in situ assay method was used. However, 
since high levels of activity were seen when the irradiated 
stroma was exposed to PWM, we again evaluated media 
conditioned by the irradiated lectin-induced stromal cells. 
Figure 5 demonstrates high levels of CSA in this conditioned 
media, stimulating clonal proliferation of both FDC-P1 and 
fresh murine BDF1 marrow cells. There was no stimulation 
of the FDC-PI cell line by media conditioned by irradiated 
stroma without pokeweed mitogen, but cm from irradiated 
stroma exposed to pokeweed mitogen had increased levels of 
CSF for both marrow and FDC-P1 cells. However, the 
threshold for stimulation was lower for the murine-marrow 
target cell population compared to the FDC-P1 target cells. 
Figure 5 shows the effect of the conditioned media after 48 
hours of culture. These results were confirmed in two other 
experiments, and the same phenomenon was noted at time 
points of 24 and 168 hours in one of these three experi- 
ments. 

We have previously shown that CSF-1, as determined by 
radioimmunoassay, was present in cm from Dexter cultures 
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Fig 5. Assays of conditioned media from adherent cells of 


murine bone marrow cultures after exposure to irradiation and 
irradiation plus pokeweed mitogen. Concentration of pokeweed 
mitogen was 2.5 ug/mL. Media was collected after 48 hours of 
incubation and is a representative example of three separate 
experiments {see Materials and Methods). Colony-stimulating 
levels are expressed by mean numbers of both fresh murine 
marrow and FDC-P1 colony formation/10° target cells +1 SEM. 
Three petri dishes were scored per group after seven days of 
incubation. 


and that the levels were not increased with irradiation. ® We 
have repeated these studies here with similar results and have 
also shown that CSF-1 levels from irradiated or nonirra- 
diated stroma were not increased by exposure to pokeweed 
mitogen (data not shown). In addition, we have cultured 
FDC-PI cells with pure CSF-1 (courtesy of Dr Abdul 
Waheed and Dr Richard Shadduck) over a range of 78 to 
10,000 U/mL and have shown that CSF-1 does not stimulate 
any clonal proliferation of these cells in soft agar culture. 

Colony morphology. Table | shows types of murine 
marrow colonies observed in assays of conditioned media. 
The conditioned media obtained from irradiated lectin- 
treated stromal cells increased the numbers of all types of 
colonies, with up to a 70-fold increase in granulocyte-colony 
formation. 

Assay of GM-CSA-2 for FDC-P1 colony-stimulating 
activity. Table 2 shows the effects of partially purified 
GM-CSA-2 from Con A spleen cm on FDC-PI clonal 
growth in soft agar culture. GM-CSA-2 at a concentration of 
80 U/mL stimulated FDC-P1 colony formation, but this did 
not approach the stimulation observed with IL 3. The blank 
containing McCoy’s 5A media plus additives and agar 
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Table 1. Morphology of Colonies From Conditioned Media Assayed for Hematopoietic CSA Elaborated 





Colony Morphology (coianies/ 10° ceiis)¢ 











Percent 42 ne = = 

D Conditioned Media Granulocyte Macrophage Gran/Mact Mac/Mono§ Megl ~ Deg! ai 
A. PWM CM 23 31.2 + 2.3 22.6 + 1.2 23.1 + 6.0 16.2 + 1.7 6043.4 2.6 + 1.6 
(1.100 rad)* 16 24.3 + 1.6 26.1 + 1.6 11.3 + 2.3 11.6 + 2.6 2.04 1.1 2.6 + 1.6 

9 265.3 + 1.3 28.3 + 3.0 13.7 + 2.7 9.0 + 2.6 6+ 3 3.0 + 5 

4.5 19.5 + 7.5 17.5 + 1.5 14.2 + 7.7 $5445 5+ 6 1.54 1.5 

2.3 143414 16.6 + 3.0 4:23 9.6 + 2.7 i) 9.4246 

B. CM 23 8.3 + 2.3 18.6 + 7.5 7.6 + 2.7 9.6 + .8 0 S64 1.7 
(1,100 rad)* 16 1.64.9 14.6 + 1.8 6.6 + 8 9.0 +15 0 9641.3 

9 .33 + .33 46+ 8 242.5 96+ .9 0 20.0 + 1.1 

4.5 6 + 6 16+ 3 16 + 6 4342.2 o 17.0 + 1.3 

2.3 26 #45 1.5 4.4 5 2.5 (0) 20.0 + .8 


7.5 + 2.1 





*A and B represent media conditioned from adherent cells of Dexter culture at 48 hours after exposure to 1,100 rad = pokeweed mitogen (PWM). 
tAgar preps stained with acetyicholinesterase-hematoxylin. Numbers indicate absolute colony counts of one time point in one of three representative 
experiments. Three petri dishes were scored per group with counts + 1 SEM. 


$¢Gran/Mac = Granulocyte/macrophage. 


§Mac/Mono = Macrophage/monocyte = Typical macrophages intermixed with mononuclear cells with relatively high nuclear-cytoplasmic ratio and 


irregular cytoplasmic margins. 
[Meg ~ megakaryocyte. 


‘Deg = Degenerative: Cells in these colonies were disrupted or fragmented or colony type not interpretable. 


showed no colony formation. Recombinant GM-CSA also 
stimulated proliferation of FDC-P1 cells as assayed by 
*HtdR incorporation or clonal growth in agar (data not 
shown). 

Effect of anti-GM-CSF antibodies on PWM/1,100 rad cm 
stimulation of FDC-P1 and murine marrow colony forma- 
tion. Anti-GM-CSF antibody blocked the stimulation of 
both FDC-PI and murine marrow colony growth by PWM/ 
1,100 rad cm (Table 3). The inhibition was less for the 
marrow growth (53% + 4.8%) but this is consistent with the 
presence of CSF-1, which is not inhibited by anti-GM-CSF 
(data not shown) and which does not stimulate FDC-P1I cells 
(see above). Thus the residual growth seen with murine 
marrow after GM-CSF blocking of PWM/1,100-rad cm is 


Table 2. Effect of GM-CSA-2 on FDC-P1 Clonal Growth in 
Soft-Agar Culture 





FDC-P 1 Colonies/ 10° Celis* 





Stimulus 
GM-CSA-2+ 139 + 16.7 
IL 3t TNTC 
Blank§ (0) 





*in each group, three to four petri dishes were scored. These results 
are from three separate experiments, 

+Preparations used in these studies were partially purified from 
supernatants of Con A-activated splenic lymphocytes (see Methods”). 
One unit of activity was defined as amount of GM-CSA-2 in 1 mL, which 
was 50% of maximal stimulation of a GM-CSF-responsive cell popula- 
tion. GM-CSA-2 was plated at a concentration of 80 U/mL. 
tinterleukin 3 (IL 3) was used as a positive control in all experiments 


yielding colonies that were too numerous to count (TNTC). Preparations 
used in these studies had 0.2 ng of IL 3 per unit of activity. One unit of 
activity was defined as the amount of IL 3 that in 1 mL gives 50% of 
maximal tritiated thymidine incorporation into FOC-P1 cells in culture. 
i. 3 was plated at a concentration of 4 ng/mL. 

Blank media containing only McCoy's with additives (see Meth- 
ods’’) and 0.3% agar were used as negative controls and yielded no 
clonal growth. 


presumably due to CSF-! in these preparations. The more 
complete inhibition of FDC-P1 proliferation by anti-GM- 
CSF suggests that GM-CSF is the primary stimulator of this 
cell type found in cm from PWM/1,100-rad stroma. In 
addition, an antibody te recombinant ÎL 3 was assessed for 
its ability to block FDC-P1 or murine marrow soft agar 
colony formation stimulated by PWM/1,100 rad cm in a 
fashion similar to that described for the anti-GM-CSF. No 
effect on marrow-(one experiment) or FDC-P1-(one experi- 
ment) stimulated growth was observed. 

Histochemical stains af stroma, Histochemical stains of 
irradiated stroma with and without exposure to PWM at 2.5 
ug/mL showed no shift in cell types. We have previously 
reported on the staining characteristics of stroma exposed to 
950 rad,” and the results with 1,100 rad alone were similar to 
our previously reported data except for a higher percentage 
of alkaline phosphatase positive cells in the present study. 


DISCUSSION 


Our present studies show that radioresistant adherent cells 
from murine Dexter cultures produce growth factors that 
stimulate FDC-P1 cells and murine marrow granulocyte- 
macrophage-megakaryocyte progenitors to proliferate. 

The growth factor acting on FDC-PI cells, which is 
increased by stromal irradiation and lectin exposure, appears 
to be GM-CSF. While CSF- I is present in conditioned media 
from normal stroma, its levels are not increased by irradia- 
tion and/or lectin exposure, and, as noted above, pure CSF- 1 
does not stimulate FDC-P1 proliferation. The anti-GM-CSF 
antibody used in these studies blocks PWM/1,100-rad cm 
stimulation of FDC-PI cells but does not block CSF-1 
stimulation of marrow growth. Finally, we have confirmed 
the results of Hapel et al?’ showing that GM-CSF {(recombi- 
nant or partially purified from Con A spleen cm) stimulates 
FDC-P1 proliferation as assessed by clonal agar culture or 
tritiated thymidine incorporation in liquid culture. The fail- 
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Table 3. Effect of Anti-GM-CSA on PWM/1,100 Rad Cm 
Stimulation of FOC-P1 and Bone Marrow Colony Formation 





FDC-P1 celis 











Antibody/Pre-immune Colony {> 10 cells)/ 
Stimulus Serum* 2,000 celis 
PWM/ 1, 900 rad Pre-immune serum 46.7 + 5.4 
(31% final concen- anti-GM-CSF 272.7 
tration} 
GM-CSF (D.3 ng/mL)  Pre-immune serum 74.4 +47 
anti-GM-CSF 0.1+ 90.1 
ICR marrow celts§ 
Antibody /Pre-immune Colony {>50 celis)/ 
Stimulus Serumt 10,000 Celis 
PWM/ 1,700 rad Pre-immune serum 38.5 + 3.5 
(33.3% final con- anti-GM-CSF 23+5 
centration) 
GM-CSF #0.3:ng/mL)  Pre-immune serum 22+ 1 
anti-GM-CSF 1.5215 





*Final dilution of antibody/pre-immune serum was 1:6. 

+Final dilution of antibody/pre-immune serum was 1:100. FDC-P1 10 
cell colonies in Terasaki plates were counted at day 4 and BDF 1 murine 
marrow colonies (> 50 cells) at day 8 of culture. 

tThe FOC-P1 data is from one experiment with nine replicate wells. 
This was confirmed in two separate experiments testing two different 
PWM/1,1@0-rad crn. The mean % inhibition (+1 SEM} of PWM/ 
1,100-rad cm stimulated FDC-P1 colony formation caused by anti- 
GM-CSF was 87.3 = 7. In the third experiment. growth was scored on a 
scale of 4+ {colonies so numerous that accurate counting was very 
difficult} to O {no growth). PWM/1,100-rad cm stimulated 4+ growth 
and exposare to anti~GM-CSF reduced this markedly to 0.5 to 1+ (few 
colonies). 

§The data on ICR marrow is from one experiment utilizing 24-well 
Linbro plates and assessing replicate wells. This was confirmed in three 
other separate experiments using both BDF1 and ICR marrow cells and 
assessing two different lots of PWM/1,100-rad cm. The mean % 
inhibition (+ are SEM) of PWM/1,100-rad cm stimulated colony forma- 
tion caused by anti-GM-CSF for all experiments was 53 + 4.8 (four 
experiments, six separate assessments). 


ure of antibodies to IL 3 from two separate sources to block 
PWM/1,100-rad cm stimulation of FDC-P1 cells indicates 
that the FDC-P1 growth factor is not IL 3. Altogether these 
observations establish that GM-CSF is the FDC-P1 stromal- 
derived growth factor that increases after irradiation or 
lectin exposure. 

These studies with FDC-P1 cells also indicate that the 
effects seen are probably direct and not mediated via acces- 
sory celis, since FDC-P1 cells do not proliferate in the 
absence of growth factors, and cm from FDC-P1 cells does 
not stimulate their own growth. In addition, we have shown 
here that PWM does not directly stimulate FDC-P1 growth 
(negative controls for Fig 2, data not presented). 

The siromal growth factor for murine marrow, which is 
increased in the 1,100-rad and PWM/1,100-rad groups is 
probably also GM-CSF. CSF-1 is present in cm from Dexter 
culture but not increased by irradiation or lectin exposure. 
Anti-GM-CSF partially blocks PWM/1.100-rad cm mar- 
row stimulation (53% + 4.8% inhibition, Table 3), the resid- 
ual marrow growth presumably being due to the presence of 
CSF-1. Consistent with this hypothesis are the preliminary 
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observations that anti-CSF-1! antisera block PWM/1,100- 
rad cm stimulation of murine marrow colony formation by 
approximately 30%, while we have previously reported that 
marrow colony stimulation by cm from 950-rad stroma was 
inhibited from 46.6% to 92.4% by exposure to anti-CSF-1 
antisera. These data suggest that the primary CSA for 
murine marrow increased by lectin exposure is GM-CSF. In 
addition, colony formation stimulated by stromal-derived 
growth factors includes granulocyte, macrophage, mega- 
karyocyte, and mixed lineage colonies, a spectrum of colony 
formation seen with either IL 3 or partially purified GM- 
CSF.” The anti-IL 3 studies cited above with FDC-PI cells, 
a very sensitive IL 3 assay cell, plus the single experiment 
with marrow cells in which anti-IL 3 antisera did not block 
PWM/1,100-rad cm stimulation of marrow cell proliferation 
indicates that IL 3 is not the stromal-derived marrow stimu- 
latory growth factor. Thus a radioresistant stromal cell 
appears to be stimulated by lectin exposure to release GM- 
CSF, which stimulates both FDC-P1 and a range of marrow 
progenitors. Finally, it should be noted that GM-CSF (with 
or without CSF-1) is capable of stimulating differentiation 
of all the differentiated hematopoietic lineages seen in 
Dexter marrow cultures: macrophages, granulocytes, and 
megakaryocytes.” 

The identity of the radioresistant cell type generating 
these in vitro growth factors remains speculative. Two criti- 
cal adherent cell types capable of supporting liquid culture 
hematopoiesis are seen after in vitro”’? or in vive irradia- 
tion.” One cell type has the phenotype of a macrophage 
(phagocytic, acid phosphatase, and nonspecific esterase posi- 
tive), while the other cell is a large alkaline phosphatase- 
positive epitheliod cell. Both cell types were Factor VIH 
negative and a small (<3%) fraction of cells did not fit either 
phenotype. In these studies we found no apparent shift in cell 
types with lectin exposure (Table 4). Thus the lectin respon- 
sive GM-CSF-producing cell types seem most likely to be 
either macrophages or the large alkaline phosphatase posi- 
tive cells. 

Previous studies from our laboratory have suggested that 
increases in myeloid stimulatory factors seen with irradiation 
of Dexter culture adherent cells may be due to removal of the 
negative feedback exerted by mature myeloid cells or 
removal of a population of cells that rapidly bind, utilize, or 
degrade these growth factors.” As with previous studies, our 
data on radiation dose response suggest an inverse correla- 


Table 4. Results of Stromal Histochemical Stains Day 2 Post-XRT 





1.100 rad + PWM 





Stain* 1,100 rad (2.5 pg/m} 
Aipha naphthyl acetate 
(nonspecific esterase) 55 50 
Acid phosphatase 95 97 
Alkaline phosphatase 34 34 





*Results were derived from one experiment, evaluating the stroma at 
day 2 post-XRT and PWM exposure. Eight hundred cells were scored for 
each stain. 

¢Celis stained at 2 to 4+ intensity on a scale of O to 4+ were scored 
as positive. 
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tion with FDC-PI growth factor production and total 
amount of mature granulocytic elements present in the 
stromal layer. 

The mechanism by which pokeweed mitogen stimulates 
stromal cells to produce increased levels of GM-CSF is not 
known. It seems probable that pokeweed mitogen selectively 
binds and stimulates a specific cell type remaining in the 
stromal layer after the exposure to irradiation, thereby 
increasing levels of GM-CSF. Alternatively, the pokeweed 
mitogen may act by eliminating an inhibitory phenomenon 
that may also increase colony formation. Studies by Gual- 
tieri et al? demonstrated that conditioned medium from 
normal or irradiated stroma (without pokeweed mitogen) did 
not show differing levels of inhibitors. Also, in preliminary 
studies using conditioned media from irradiated cultures 
with and without pokeweed mitogen, we have found that 
when adding either of these conditioned media to purified 
CSF-1 there is no inhibition of growth. In fact, the condi- 
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tioned medium from pokeweed mitogen-stimulated irra- 
diated stroma, when added to pure CSF-1, actually increases 
both size and numbers of hematopoietic colonies, suggesting 
that a synergistic activity may be present in this conditioned 
medium. We have recently described an adherent cell line 
derived from murine Dexter cultures, termed TC-1,°! which 
produces a CSF-|-dependent synergistic activity. At present 
it is uncertain whether this latter synergistic bioactivity may 
in part be responsible for the increased FDC-P1 and marrow 
colony formation seen with cm from irradiated lectin- 
exposed stroma. 

In summary, we have shown that a radioresistant cell 
present in the adherent layers of long-term Dexter cultures 
responds to the lectin pokeweed mitogen by generating 
GM-CSF. CSF-1 is also produced by these adherent cells. 
These two regulators are sufficient to account for the differ- 
entiated hematopoietic progeny seen in this culture system: 
macrophages, granulocytes, and megakaryocytes. 
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Vitamin B12-Responsive Neonatal Megaloblastic Anemia and Homocystinuria 
With Associated Reduced Methionine Synthase Activity 


By Lynnette J. Hallam, Margaret Sawyer, Arthur C.L. Clark, and Martin B. Van Der Weyden 


We present findings on an infant with neonatal megalo- 
blastic anemia, homocystinuria, and neurologic dysfunction 
that included developmental delay and tonic seizures. 
There was no methylmalonic aciduria. Cyanocobalamin 
therapy was accompanied by complete hematologic and 
neurologic recovery, diminished homocystine excretion, 
and subsequently normal neurologic development. Cul- 
tured fibroblasts and lymphoblasts showed a reduced 
methionine synthase activity and a growth requirement for 
methionine, Cobalamin incorporation by the patient's lym- 
phoblasts was normal, but the proportion of cellular meth- 
yicobalamin in the patient's lymphoblasts and fibroblasts 


N HUMAN CELLS cobalamin (Cbl) occurs predomi- 
nantly as either adenosylCbl or methylCbl. These cobal- 
amins mediate reactions catalyzed by methylmalonylCoA 
mutase (adenosylCbl) in the generation of succinyICoA from 
methylmalonylCoA and that of methionine synthase (meth- 
ylCbl) in the synthesis of methionine from homocysteine.’ 
Neonatal megaloblastic anemia consequent to inherited 
defects of cobalamin metabolism occurs either with a defi- 
ciency of the carrier protein transcobalamin H,’ an obliga- 
tory mediator for cellular uptake of cobalamin, or with 
mutations leading to impaired intracellular synthesis of both 
adenosylCbl and methylCbl.' The latter states are accompa- 
nied by methylmalonic aciduria and homocystinuria as these 
two end products reflect intermediates normally metabolized 
by the cobalamin-dependent reactions in man. Recently 
Schuh and coworkers’ described an infant with develop- 
mental delay, megaloblastic anemia, and homocystinuria but 
not methylmalonic aciduria who responded favorably to 
hydroxoCbi. The molecular basis for this syndrome was 
suggested to be failure of reduction of cobalamin bound to 
methionine synthase. In vitro findings included decreased 
fibroblast. methylCbl but not adenosylCbl content and 
unique properties for methionine synthase, which exhibited 
normal activity at optimal but not at low assay reducing 
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were markedly reduced and that of adenosyicobalamin 
normal. The reduced methionine synthase activity was 
independent of assay reducing (thiol) conditions, but nor- 
mal levels of activity accompanied culture of the patient's 
lymphoblasts in medium with markedly increased cobal- 
amin concentration. The characteristics of the reduced 
methionine synthase of our patient differ significantly from 
that of the previously described infant with cobalamin E 
disease and suggest that genetic heterogeneity may char- 
acterize this mutation. 

e 1987 by Grune & Stratton, Inc. 


(thiol) conditions. We describe here another infant with 
neonatal megaloblastic anemia and homocystinuria with 
reduced fibroblast and lymphoblast methionine synthase 
activities. This reduced activity, in contrast to that of the 
patient previously described, is independent of assay thiol 
concentration but dependent in part on the cobalamin levels 
of culture medium. These findings suggest that considerable 
genetic heterogeneity may characterize this newly described 
mutation of cobalamin metabolism. 


CASE REPORT 


The patient, a Caucasian male infant, was referred at the age of 
10 weeks for investigation of anemia, hypotonia, and developmental 
regression. He was the first born of unrelated parents who had had 
no fetal losses. He was born at 38 weeks gestation, birth weight 3,180 
g. and was in good condition at birth. His parents stated that he was 
never a very responsive baby but fed successfully from the breast and 
smiled and responded to his parents at about six weeks. At that time 
he had a febrile illness with diarrhea and vomiting lasting about one 
week, after which he became unresponsive and ursmiling. On 
admission to the hospital at 10 weeks he was a pale, floppy, 
unresponsive infant, height 59 em, weight 4,730 g. and head 
circumference 39.3 cm. The liver was palpable 3 cm below the costal 
margin, the spleen not palpable, and lymph nodes rot enlarged. 
Despite his generalized hypotonia, deep tendon reflexes were present 
and symmetrical, and no other neurologic abnormalities were noted. 
However, during the subsequent three weeks he developed truncal 
spasticity with head retraction and spine extension when disturbed, 
and on the fifth hospital day he had a generalized seizure. Three 
further seizures followed until he was given phenobarbitone, after 
which these ceased. Investigations on admission revealed anemia 
with hemoglobin 7.7 g/dL, hematocrit 21%, MCV 191 fl, MCH 
35.5 pe, MCHC 53.2 g/dL, reticulocytes 3.5%, obvious anisocytosis, 
macrocytosis and poikilocytosis. The WBC was 8.6 x 10°/L, neutro- 
phils 27% with hypersegmentation, lymphocytes 71%, eosinophils 
2%. Platelets were 719 x 10°/L, Bone marrow was markedly cellular 
and megaloblastic. High voltage electrophoresis of the urine showed 
greatly increased homocystine and increased serine, alamine, leucine, 
and ethanolamine. Methylmalonic acid was not detected, and gas 
liquid chromatography showed a normal organic acid pattern. 
Plasma amino acid analysis was not performed before treatment. 
Two weeks after the first dose of vitamin B12, no homocysteine was 
detected in the plasma while methionine was 4 pmol/L {n, 5 te 34). 
Red cell folate was 1,280 nmol/L of packed cells (n, 230 to 2,200), 
serum folate 41 nmol/L, and B12 117 pmol/L (n, 160 te 500). Liver 
and renal function tests were normal. Cerebral ultrasound examina- 
tion showed no abnormality, and an EEG showed medium voltage 
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with no consistent asymmetry, focal, or epileptiform features. His 
mother’s serum folate and B12 were normal, and she had no 
antibodies to intrinsic factor. Transcobalamin II deficiency was 
excluded by normal findings for patient's serum mediated 57Co- 
cyanocobalamin uptake by normal lymphoblasts and serum 57Co- 
cyanocobalamin elution pattern with gel chromatography. One week 
after admission treatment was begun with both folate and B12, the 
latter as 1,000 ug of cyanocobalamin intramuscularly (IM) daily. 
Reticulocytes peaked at 23% on the fifth day, and there was 
progressive rise in hemoglobin and return toward normal of red cell 
changes. On treatment his general health improved, his muscle tone 
returned % normal, and there were no further seizures. Homocystine 
was no loager detected in his urine. Anticonvulsants were discontin- 
ued at six months, and B12 was reduced to 1,000 ag twice a week at 
12 months. At 2 years folic acid was discontinued. Developmental 
assessment at 3 years is within normal limits in all modalities. A 
female sibling was born 2 years later. She was physically and 
hematologically normal at birth. At 6 weeks she had a Hb 12.7 
g/dL, MCV 100 fl, with normal red cell morphology. She made 
good progress until her sudden cot death at 9 weeks. Post mortem 
examination failed to reveal the cause of death. Attempts to estab- 
lish Epstein-Barr virus (EBV)-transformed lymphoblasts from this 
individual were not successful. 


MATERIALS AND METHODS 


Cell lines. Human skin fibroblasts from the patient and normal 
individuais were routinely grown in Eagle's minimum essential 
medium (CS Laboratories, Parkville, Australia) with 10% fetal 
bovine serum (FBS Flow Laboratories, Australia). EBV-trans- 
formed lymphoblast cell lines were established from the patient. 
mother, father, and normal individuals as described previously.* All 
lymphoblast cell lines were maintained in exponential growth in 
RPMI 1640 medium (Flow Laboratories) supplemented with 10% 
FBS. The concentration of methionine under normal culture condi- 
tions is C.1 mmol/L (15 mg/L) and vitamin B12 3.7 nmol/L (5 
ug/L). Im experiments with modifications of concentration of vita- 
min B12. folate, or methionine in the culture medium, cells were 
grown ir a modified RPMI 1640 medium (K-C Laboratories, 
Kansas City) with the appropriate vitamin or amino acid added at 
the indicated concentration. Fibroblast and lymphoblast growth 
studies were initiated at a cell density of 2 x 10°5/mL and 5 x 
10°/mL respectively with the indicated culture medium conditions, 
and cell counts were performed as previously described at 96 hours 
using trypan blue exclusion as the index of viability. 

Fibrobtasts were harvested by treatment with 0.25% trypsin (Flow 
Laboratcries) for one minute at 37°C and subsequent inactivation 
with FBS. 

Enzyme assays. Lymphoblasts or confluent fibroblasts were 
harvested as described, centrifuged at 1,000 g for 10 minutes at 4°C, 
and wasked thrice with phosphate-buffered saline (PBS). Extracts 
of cells in appropriate buffers, usually 10 mmol/L Tris HCL pH 7.4 
were performed by either freeze thawing in liquid nitrogen or by 
sonication, Cell extracts were centrifuged at 1,500 g for 10 minutes 
at 4°C ard supernatant used for assay. Protein was determined using 
bovine serum albumin as standard by the method of Lowry et al.’ 

Thymadylate synthase,’ serine hydroxymethyltransferase’ and 
5,10-methylene tetrahydrofolate (THF) reductase’ were measured 
as previcusly described. Methionine synthase was measured by the 
method of Kamely et al with minor modifications."! Activity was 
determined by the formation of 14C-methionine from 14C-5 methyl 
THF (S-MTHF) in the dark. The standard reaction mixture con- 
tained in a total volume of 0.2 mL: 130 mmol/L sodium phosphate 
buffer pH 7.4 (Ajax Chemicals, Australia), 200 mmol/L B-mercap- 
toethanal (BDH Chemicals, Australia), 275 umol/L S-adenosyl 
methionine (SAM) (Boehringer Mannheim, Germany), 50 umol/L 
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methylcobalamin (MeCbl) (Sigma Chemicals, St Louis}, 500 gamol / 
L DL-homocysteine (Sigma Chemicals, St Louis), prepared just 
before use from the thiolactone derivative, 600 pmol/L (14C) 
5-MTHF 2 uCi/umol (Amersham, England) and 150 to 160 «g of 
cell extract. The assay control was minus the addition of MeCbl and 
SAM., and activity obtained with the omission of MeCbi was that of 
the holoenzyme. Incubation was in the dark at 37°C for 60 minutes. 
The reaction was terminated by adding 0.8 mL of ice-cold water. 
The mixture was passed through Bio-Rad AG-1X§ columns (Bio- 
Rad Laboratories, Richmond, CA), and the columns were washed 
with an additional 1.0 mL of water. The radioactivity in the pooled 
effluent was determined in a liquid scintillation counter. Enzyme- 
specific activities are expressed as nmol of product formed /hour/me 
protein. Methionine synthase was assayed routinely under aerobic 
conditions as described above but was also determined anaerobically 
by flushing the reaction mixtures with nitrogen, which were then 
sealed during the incubation. 

Intact cell assays. Incorporation of 14C-5MTHF into acid 
precipitable material was performed according to the method of 
Mellman et al." and incorporation of 14C-propionate (Amersham, 
England) into acid precipitable material was as described by Willard 
et al.” Incorporation of S7CO-cyanocobalamin (Amersham) 0.1 
ng/mL was performed at two hours and 72 hours as described by 
Mellman et al’* and for fractionation of intracellular cobalamin cells 
were extracted according to the method of Linnell et al”? and 
cobalamins separated on a SP Sephadex C-25 column (Pharmacia, 
Sweden) in the dark, as previously described.* 


RESULTS 


Methionine synthase activity in patient’s cells. Altered 
cellular cobalamin metabolism in the patient's cells was 
explored by determining the incorporation of radioactivity 
from 14C-labeled propionate and methyl THF into protein of 
patient and control lymphoblasts precipitated by trichloro- 
acetic acid. Incorporation by patient's cells of radioactivity 
from 14C-propionate was normal, but that from 14C meth- 
yITHF was significantly reduced (Table 1), suggesting a 
defect of methionine synthesis without an abnormality in the 
function of methylmalonylCoA mutase. The level of activi- 
ties of enzymes of patient’s lymphoblasts that are involved in 
thymidylate synthesis, namely thymidylate synthase, 6.5 + 
1.4 nmol/hour/mg protein (mean, SE) serine hydroxyme- 
thyltransferase 257 + 61 nmol/hour/mg protein, or that of 
5,10 methylene THF reductase 2.3 + 0.3 nmol/hour/mg 
protein were comparable to the corresponding values of those 
activities in control lymphoblasts: 6.7 + 0.6, 386 + 36, and 
1.8 + 0.2 nmol/hour/mg protein. Methionine synthase was 
measured in patient and control cell extracts with and 


Table 1. incorporation of 14C-Propionate and 14C-Methy!THF 
Into TCA Precipitable Material of Control and Patient's 
Lymphoblasts 





14C-propionate* 14C-methyi THF + 





Cells 100 umol/L; 14 uCi/ umol 25 pmol/L: 25 wCi/umet 
Control 825 + 163 479 + 31 
Patient 788 + 190} 26§ 








*cpm/10° cells/4 hours. Value given is mean + SE for three separate 
determinations. 

tepm/10° celis/24 hours. Value given is mean 
separate determinations. 


SE for seven 


tP not significant. 
§P < 0.01, Student's t test. 
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Table 2. Methionine Synthase Activity in Extracts of Cultured 
Patient's and Control Fibroblasts and Lymphobiasts 











Specific Activity® 
{nmol/hour/mg protein) 
Cells Total Enzyme Holoenzyme 

Fibroblasts t 

Control 2.6 + 0.3 0.6 + 0.1 

Patient 0.8 + 0.2¢ 0.4 + 0.1 
Lymphoblasts 

Control 2.7 + 0.2 0.9 + 0.01 

Mother 1.9 40.2 0.8 + 0.06 

Father 2.5 + 0.3 1.3 + 0.04 

Patient 0.8 + O.1t 0.4 + 0.03f 





*Values given are the mean + SE, in excess of six separate determina- 
tions. 

+Fibroblasts were cultured in Eagle's minimum essential medium 
supplemented with 10% FBS. Ceils were harvested upon confluency and 
assayed for methionine synthase activity as described in the text. 
Lymphoblasts were cultured in RPMI 1640 medium supplemented with 
10% FBS and cells harvested 48 hours after initiation of culture and 
assayed for methionine synthase activity. 

{Values significantly different from control levels at P < 0.01, 
Student's t test. 


without added cobalamin (Table 2). Both holoenzyme and 
total enzyme activities were reduced in patient’s fibroblasts 
and lymphoblasts. This reduced methionine synthase activity 
was evident in patient's lymphoblasts in culture at all inter- 
vals up to 96 hours. Assay of methionine synthase of patient 
and control lymphoblasts under anaerobic conditions showed 
no significant difference to that under aerobic conditions. 
Methionine synthase of control lymphoblasts were 2.2 and 
0.9 (holoenzyme) nmol/hour/mg protein (aerobic) and 2.3 
and 0.6 (anaerobic). Corresponding values for patient lym- 
phoblasts were 0.36 and 0.21 (holoenzyme) nmol/hour/mg 
protein (aerobic) and 0.40 and 0.30 nmol/hour/mg protein 
(anaerobic). In data not shown, mixing control and patient 
lymphoblast extracts yielded the expected levels of methio- 
nine synthase activity, excluding the possibility of inhibition 
or, alternatively, activation of patient’s reduced methionine 
synthase activity by constituents of control extracts. 

Effect of alteration of assay conditions on methionine 
synthase of patient's cells. Rosenblatt et al’ have demon- 
strated that methionine synthase in the previously described 
patient with megaloblastic anemia and homocystinuria was 
normal at conventional thiol concentrations. The effect of 
varying assay concentrations of dithiothreitol (DTT 0.2 to 25 
mmol/L) and B mercaptoethanol, (7.5 to 200 mmol/L) were 
determined with lymphoblast extracts of the current patient. 
In both instances at all concentrations of thiol assayed the 
patient’s methionine synthase activities (Figs 1 and 2) were 
significantly lower than those of control lymphoblasts. For 
both patient and control lymphoblast extracts, methionine 
synthase activity at the maximal concentration of DTT (25 
mmol/L) was approximately four times that observed with B 
mercaptoethanol (200 mmol/L), suggesting that the reduc- 
ing conditions produced by these thiol reagents are neither 
equivalent nor a unique interaction of DTT with methionine 
synthase. Methionine synthase of patient and control fibro- 
blasts were also assayed with varying concentrations of B 
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Fig 1. Levels of methionine synthase of patient and control 


tymphoblasts assayed with varying B mercaptoethanol concentra- 
tions, Lymphoblasts were cultured in RPMI 1640 medium suppte- 
mented with 10% fetal bovine serum. cells were harvested and 
assayed for methionine synthase as described in Materials and 
Methods, with B mercaptoethanol concentration ranging from 7.5 
to 200 mmol/L. The values given are the mean of duplicate 
determinations. @, Control; A, patient. 


mercaptoethanol: 5, 75 and 200 mmol/L. With these thiol 
concentrations, control fibroblast methionine synthase activ- 
ities were 0.17, 1.45, and 2.5 nmol/hour/mg protein. Corre- 
sponding values for patient fibroblast methionine synthase 
were 0.04, 0.39, and 0.8 nmol/hour/mg protein. In data not 
shown, increasing the assay concentration of methylcobal- 
amin (up to 50-fold), S-adenosy! methionine (up to fivefold), 
and 5 methyl THF (up to fivefold) did not significantly alter 
the reduced methionine synthase activity exhibited by 
patient cell extracts. In addition, substitution of methyl 
cobalamin by hydroxocobalamin or cyanocobalamin in the 
assay system produced no significant differences. 

Effect of varying culture conceatration of cobalamin on 
methionine synthase activity. The methionine synthase 
activities for control and patient lymphoblasts cultured with 
either varying cobalamin compounds or concentration are 
shown in Table 3. Control lymphoblasts cultured with 
increasing concentration of cyanocobalamin {0.5 pg/L, 
0.375 nmol/L to $00 ug/L, 375 nmol/L) exhibited a five- 
fold increase in methionine synthase, and the enzyme levels 
with hydroxoCbl or cyanoCbl at the higher cobalamin cul- 
ture concentration used were comparable (Table 3). 
Patient’s lymphoblasts cultured under identical conditions 
showed a twofold increase in methionine synthase activity, 
and this activity level was now in the normal range. 

Accumulation and distribution of labeled cobalamin and 
effect of methionine culture deprivation on cell growth. 
The accumulation of label from 57Co-cyanocobalamin in 
patient and control lymphoblasts after two hours or 24 hours 
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Fig 2. Levels of methionine synthase of patient and control 
lymphoblasts assayed with varying dithiotreitol concentrations. 
Lymphoblests were cultured in RPMI 1640 medium supplemented 
with 10% fetal bovine serum, and celis were harvested and 
assayed for methionine synthase as described in Materials and 
Methods, with dithiothreitol ranging from 0.2 to 25 mmol/L. The 
values given are the mean of duplicate determinations. @, Control: 
à, patient. 


in culture was comparable: at two hours patient 
3.2 x 10° cpm, control 2.4 x 10? epm/10° cells; at 24 hours 
patient 19 x 10° cpm, control 17 x 10’ cpm/10* cells. The 
distribution of methylCbl and adenosylCbl in human lym- 
phoblasts showed that in contrast for fibroblasts the major 
cellular cobalamin is adenosylCbl, but the concentration of 
methylCbl in patients lymphoblasts and fibroblasts was 


Table 3. Methionine Synthase Activity of Patient’s and Control 
Lymphcblasts Cultered Under Varying Cobalamin Conditions 





Concentration of 


Culture Conditions* Added Cobalamin CyanoB 12 HydroxoB 12 





nmol/L 
0.375 3.75 187 375 375 


Methionine synthase (nmol/hour/mg protein) 


Control 1.8 
Patient 0.8 


2.8(0.8)¢ 8.1 9.0(1.3} 13.0 
0.9 (0.4) 1.7 1.7 (0.7) 21 


Culture conditions t 





Methy!THF + HydroxoB 12 ~ HydroxoB 12 
Methionine synthase (nmol/hr/mg protein) 
Control 4.8 231 
Patient 1.5 0.6 





*Lymphoblasts were cultured in standard RPM! 1640 supplemented 
with 10% fetal calf serum with varying concentrations of cyanocobalamin 
or hydroxocobalamin as indicated. Cells were harvested at 48 hours and 
assayed for methionine synthase activity as described in the text. 

tLymphobliasts were cultured in RPMI 1640 medium without or with 
hydroxocobalamin at concentration of 3.75 nmol/L and methy{THF 
2umol/L, harvested at 48 hours, and assayed for methionine synthase as 
described in the text. 

Figures in parenthesis are holoenzyme values. 
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markedly reduced (Table 4). The patient's cells exhibited 
reduced growth rates when cultured in methionine-replete 
medium or when methionine was replaced by homocysteine. 
When 2 x 10°/mL control and patient fibroblasts were 
plated in complete medium, growth at 96 hours for control 
cells was 9 + 0.3 x 10° (SEM)/mL and for the patient's cells 
5 + 0.2 x 10°/mL. When homocysteine (0.2 mmol/L) was 
substituted for methionine in the media, growth at 96 hours 
was 8 + 0.5 x 10°/mL for control fibroblasts and 3 + 0.2 x 
10°/mL for the patient fibroblasts. Lymphoblasts were also 
studied. Both control and patient lymphoblasts cultures were 
initiated at a cell density of 0.5 x 10° cells/mL. Growth at 96 
hours in methionine replete medium was 3.2 + 0.3 x 10° 
(SEM)/mL for the control lymphoblasts and 2.4 + 0.1 x 
10°/mL for patient's lymphoblasts. Both the control and 
patient lymphoblasts showed a preferential growth require- 
ment for methionine with the patient's lymphoblasts exhibit- 
ing no increase in cell numbers in the absence of methionine. 
When homocysteine was substituted for methionine, control 
lymphoblasts’ density at 96 hours had increased to 0.9 a 
0.1 x 10° (SEM)/mL, whereas the patient’s lymphoblast 
density at 96 hours was 0.4 + 0.1 x 10*/mL. 


DISCUSSION 


Inherited defects of cobalamin metabolism resulting in 
megaloblastic anemia and homocystinuria include the muta- 
tions of congenital methylmalonic aciduria-homocystinuria. 
On the basis of biochemical and genetic complementation 
studies, these disease states represent at least two different 
genetic entities termed CbIC and CbID mutations, which 
both involve an assumed defect in Cob(HDalamin reduc- 
tase."*"" This activity reduces the charge of the cobalt of 
cobalamin from +3 to +2, an event that normally occurs 
after cobalamin enters into the cell and precedes the forma- 
tion of both adenosyIlCbl and methylCbl. Thus common to 
these mutations is the inability of affected cells to accumu- 
late cobalamin as adenosylCbl and methy!Cbl and reduced 
holoenzyme activities of methylmalonyICoA mutase and 
methionine synthase.’ Clinical findings include methylma- 
lonic aciduria, homocystinuria, neurologic disorders, and a 
variable incidence of megaloblastic anemia confined to indi- 
viduals with CbIC mutation.’ Cells of our patient (1) were 
not defective in accumulating cobalamin but exhibited 
decreased methyl Cbl but not adenosylCbl content, (2) 


Table 4. Distribution of Methylcobatamin and Adenosyicobalamin 
in Lymphoblast and Fibroblast Extracts 


$03-B12 CN-B12 CH3-B12 Ado-B12 OH-B12 








Cell Line % of Total Cobalamin” 
Lymphoblast 
Control 3 2 25 60 7 
Patient 4 0 3 87 7 
Fibroblast 
Control 3 ie] 58 31 8 
Patient 3 0 10 76 11 





*Results expressed as % of total cobalamin in cell extracts following 
growth for 72 hours in RPMI 1640 medium containing 57Co-cyanoco- 
balamin (0.1 ng/mL). Values given are means of two separate determina- 
tions in duplicate. 
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utilized the methyl group of methylITHF less effectively than 
normal cells, and (3) incorporated the radio label from 14C 
propionate into protein at normal rates. In addition, our 
patient exhibited megaloblastic anemia with homocystinuria 
but not methylmalonic aciduria. These findings exclude 
CbIC or CbID mutations and are identical with those 
reported for the patient with CbIE disease. At variance are 
the differing characteristics of methionine synthase. Specifi- 
cally, the reduced methionine synthase activities of our 
patient’s lymphoblasts and fibroblasts were not normalized 
with optimal assay reducing conditions, either with DTT or 
B-mercaptoethanol. In addition, increasing substrate con- 
centrations of methyITHF, methylCbl, or S-adenosylme- 
thionine had no effect on the reduced activity. Although 
these findings suggest that our patient with altered methio- 
nine synthase activity may have a defect at the same locus as 
that of the previously described patient with congenital 
homocystinuria and abnormal methionine synthase activity,” 
only genetic complementation studies will resolve this ques- 
tion. That this altered methionine synthase is of significance 
for intact cells is suggested by the reduced methylCbl 
content of the patient’s lymphoblasts and fibroblasts and an 
impaired growth rate of patient fibroblasts and lymphoblasts 
when methionine was substituted in culture medium by 
homocysteine. The mechanisms involved in methionine- 
dependent cell growth are controversial and evolving.'*) In 
the absence of extracellular methionine, this amino acid in 
cells is generated in human cells from either homocysteine by 
methionine synthase or by a series of reactions from the 
methylthio-containing portion of methylthioadenosine, a 
byproduct of polyamine metabolism.””?) Methionine for cell 
growth is potentially a summation of the contributions of 
these two pathways. The differing growth capacity of our 
patient’s cells in culture when methionine has been replaced 
by homocysteine reflects in part the reduced methionine 
synthase activity of these cells and the relative contribution 
of this activity to the cellular methionine pool. Changing 
culture cobalamin conditions produced differing effects for 
the patient’s and control lymphoblasts’ methionine synthase 
activity. An increase in the concentration of cobalamin 
added to the culture medium was accompanied by a fivefold 
increase in this activity of control lymphoblasts compared 
with a twofold change for patient’s cells cultured under 
identical conditions, Limiting cobalamin in the culture 
medium was accompanied by greater degrees of reduction of 
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patient's activity, and it is of some interest that our patient's 
serum BI2 on presentation was suboptimal. Although the 
magnitude of increase of patient’s methionine synthase with 
increased cobalamin in the culture medium was less than 
that exhibited by control lymphoblasts, the absolute level of 
activity achieved by the patient was of the same order as in 
normal cells grown under standard conditions for cobalamin. 
This finding may have in vivo significance since both the 
homocystinuria and megaloblastic anemia responded com- 
pletely to large doses of cyanoCbi, and it is feasible that this 
is mediated by augmentation of the reduced activity in vivo. 
The molecular basis for cobalamin-related changes in 
methionine synthase of culture cells is not entirely clear. It is 
independent of protein synthesis and probably reflects stabi- 
lization of enzyme by cobalamin with decreased enzyme 
turnover.'' If this is so, the differing pattern of response of 
the patient’s methionine synthase to cobalamin concentra- 
tion in culture suggests a fundamental difference for mutant 
activity. Only purification and characterization of the 
enzyme will satisfy this hypothesis. As the two described 
patients with neonatal megaloblastic anemia, homocystin- 
uria, and altered methionine synthase activity exhibited 
neurologic features, including seizures and developmental 
delay, the impact of altered cobalamin metabolism on the 
developing neurologic system deserves some comment. 
Whether in hereditary disorders such as transcobalamin H 
deficiency, CbIC, and now CbIE mutation or the acquired 
defects of vitamin B12 in breast-fed infants of vegan or 
pernicious anemia mothers,’ the accompanying neurologic 
syndromes are characterized by their diversity if one sets 
aside the background of failure to thrive, listlessness, and 
irritability. Possibly the specific neurologic syndromes 
depend primarily on the developmental stage of the infant at 
the onset of vitamin deficiency. Whatever the manifesta- 
tions, failure to diagnose the specific defect and to institute 
appropriate therapy can have dire consequences for the 
infant’s ultimate neurologic status,” ?* whereas early recog- 
nition is associated with a favorable outcome as illustrated in 
our patient. 
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Correlation of Drug-Perturbed Marrow Cell Growth Kinetics and Intracellular 
1-B-D-Arabinofuranosylcytosine Metabolism With Clinical Response in 
Adult Acute Myelogenous Leukemia 


By Judith E. Karp, Ross C. Donehower, Gregory B. Dole, and Philip J. Burke 


To define the relationship between leukemic cell growth, 
intracellular metabolism of 1-B-D-arabinofuranosyicyto- 
sine (ara-C), and the clinical response to timed sequential 
induction therapy with ara-C in adult acute myelogenous 
leukemia (AML), growth kinetic and biochemical pharma- 
cologic determinants were examined in AML bone marrow 
populations. Leukemic blasts from 45 previously untreated 
patients obtained prior to therapy were cultured in vitro in 
autologous pretreatment serum (APS) and in serum con- 
taining drug-induced humoral stimulatory activity (HSA). 
Cell populations cultured in HSA demonstrated both 
increased proliferation, as measured by both [°H]dThd 
incorporation into DNA and [°H]dThd leukemic blast label- 
ing index, and greater (°H] ara-C leukemic blast labeling 
index relative to cells maintained in APS. HSA-cultured 
marrow cells from the 31 patients who achieved complete 
remission with ara-C-containing therapy demonstrated 
enhanced intracellular formation of ara-C 5-triphosphate 
over three hours and retention of this active form during 


HE PHARMACOLOGIC basis for 1-B-D arabinofura- 

nosylcytosine (ara-C) cytotoxicity rests on its intracel- 
lular conversion to the active metabolite, ara-C 5’-triphos- 
phate (ara-CTP), which acts as a competitive inhibitor of 
DNA polymerase’? and is directly incorporated into DNA, 
with further deleterious effects on DNA structure and 
function.** Therefore the extent to which ara-C is metabo- 
lized to ara-C 5’-triphosphate (ara-CTP) and the intracellu- 
lar distribution of this active metabolite in blast cells prior to 
treatment have been examined in vitro as possible predictors 
of clinical drug sensitivity for acute myelogenous leukemia 
(AML) cell populations.’"* Such studies have not consis- 
tently correlated closely with clinical outcome, suggesting 
that measurement of an isolated determinant of ara-C activ- 
ity is not sufficient to discriminate responders from nonre- 
sponders. The inability of these single-parameter studies to 
predict response may relate not only to biological patient- 
to-patient heterogeneity, which limits the applicability of 
specific assay systems,'*'* but perhaps also to cellular hetero- 
geneity within an individual tumor population that may 
obscure detection of drug-resistant cell subpopulations.'*” 
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one subsequent hour in drug-free medium relative to cells 
maintained in APS. in contrast, cells from the 14 nonre- 
sponsive patients demonstrated no such HSA-induced 
increases in intracellular ara-C metabolism. These studies 
of human AML marrow cells identify behavior patterns of 
ara-C activation and net metabolism in the kinetically 
perturbed, proliferative state that may discriminate clinica! 
sensitivity from clinical resistance to ara-~-C-based timed 
sequential therapy. Sensitive AML populations behave 
similarly to normal hematopoietic cohorts, with direct 
linkage of HSA-perturbed growth and pharmacologic 
parameters, while refractory celis demonstrate uncoupling 
of these determinants in the growth-stimulated state. 
These in vitro measurements may further serve as a 
template for prediction of clinical outcome to timed 
sequential therapy with ara-C, where both pharmacologic 
and cytokinetic determinants of response are intrinsic to 
the success of the designed drug scheduling. 

® 1987 by Grune & Stratton, Inc. 


One factor that may have major impact on overall ara-C 
cytotoxicity is the growth characteristics of the target cell 
population. ara-C is a cell cycle-dependent antimetabolite 
with its greatest toxicity directed against cells in S phase.” 
As such, the overall mechanism of action and net toxic 
effects should depend on the fraction of proliferating cells in 
the treated population at the time of drug exposure. In this 
light, growth kinetic heterogeneity, a characteristic of pre- 
treatment leukemic cell populations, = may in part 
account for the apparent failure of measuremenis of intracel- 
lular ara-C biochemical pharmacology alone to accurately 
predict net drug effect and clinical response. 

The development of timed sequential therapy for adult 
AML at the Johns Hopkins Oncology Center is based on the 
study of drug-primed cel! growth kinetics in several sys- 
tems™*763'137 and is designed to overcome pretreatment 
growth heterogeneity by recruitment of residual leukemic 
cells into DNA synthesis following initial cytoreduction. Our 
studies have shown that after an initial dose of cytotoxic 
therapy, various measures of cell proliferation reach a maxi- 
mum at a predictable time following the initial 
drug(s).267°?-34537 This growth perturbation in both man 
and rodent is associated with induction of serum activities 
that promote bone marrow cell DNA synthesis in vitro.’ 
34 This maximally detected humoral stimulatory activity 
(HSA) also occurs at a predictable time following initial 
aplasia-producing drug administration and coincides with 
the increased [*H]dThd labeling index (LI) and clonogenic- 
ity of recovering normal granulocytic and malignant hemato- 
poietic precursors in vivo.247623?43353841 The drug-induced 
kinetic homogeneity and its relation to improved antitumor 
effects of ara-C have been demonstrated in vivo in leukemia- 
bearing rodents, where the detection of HSA and peak 
drug-induced tumor LI have been correlated with enhanced 
therapeutic effects of ara-C given in a sequence based on this 
predictable increase in residual tumor proliferation 24774 
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CELL GROWTH, ARA-C METABOLISM, AND RESPONSE IN AML 


To define the relationship between perturbed cell growth 
and intracellular ara-C metabolism in human cells, we 
examined growth kinetic and ara-C biochemical pharmaco- 
logic determinants in HSA-perturbed normal human bone 
marrow populations.” Those studies demonstrated the cou- 
pling of induced cell growth with enhanced ara-C activation 
and metabolism in the kinetically perturbed, proliferative 
state. In eur present studies we have now examined growth 
kinetic and biochemical pharmacologic determinants in pre- 
treatment human AML bone marrow cell populations in 
vitro, both in the baseline milieu of autologous pretreatment 
serum (APS) and in the kinetically perturbed state in the 
presence of drug-induced HSA, and have been able to 
identify patterns in these in vitro studies that appear to 
correlate with clinical sensitivity and clinical resistance to 
ara-C-based timed sequential therapy- 


MATERIALS AND METHODS 


Patients and therapy. From April 1984 through January 1986, 
a total of 59 newly diagnosed, nonpreviously treated (NPT) adults 
(median age 54 years, range 19 to 76) with the diagnosis of AML 
(myeloid, myelomonocytic, monocytic, megakaryocytic) were con- 
secutively admitted to the Adult Leukemia Service of the Johns 
Hopkins Gncology Center for intensive timed sequential induction 
chemotherapy with ara-C and daunorubicin’ and were evaluated 
with respect to clinical outcome following treatment. All patients 
received antileukemic therapy as part of clinical investigation 
approved by the Joint Committee on Clinical Investigation of the 
Johns Hopkins University School of Medicine in accord with assur- 
ance approved by the US Department of Health and Human 
Services, and following full informed consent to participate in active 
investigative therapy. Of these 59 NPT patients, a total of 45 
(76.3%) were studied and were considered able to be evaluated with 
respect to the interrelationship of growth, pharmacologic parame- 
ters, and clinical response. Five (8.5%) of the 59 patients did not 
survive induction chemotherapy and were therefore not considered 
able to be evaluated for response.°** An additional nine (15.3%) 
patients did not have pretreatment studies performed; three of these 
patients had severe myelofibrosis and the remaining six required 
emergency institution of cytoreductive therapy for leukostasis. Of 
the 59 consecutively admitted patients, 38 (64.4%) achieved com- 
plete remission (CR) while 16 (27.1%) had no response (NR) to 
induction therapy. Of the 45 patients studied and evaluated for in 
vitro growth and ara-C pharmacology plus clinical outcome, all had 
at least 80% malignant marrow blasts prior to treatment. CR of at 
least 3-months duration, defined by Acute Leukemia Group B 
criteria, was achieved following induction therapy in 31 (69%) of 
these NPT adults; the remaining 14 patients had NR to timed 
sequential therapy (or CR less than 3 months). 

Bone marrow cell cultures. Marrow cells were obtained from all 
45 patients prior to therapy by routine needle aspiration, collected in 
RPMI 1640. To ensure that marrow cells were free from contamina- 
tion by peripheral blood blasts, marrow spicules were isolated, and 
cells isolated from the spicules were dispersed as single cells by 
drawing through a 25-gauge needle. Each cell suspension was 
prepared and studied individually. Whole marrow cell suspensions 
(1 x 10° cells/mL for incorporation and labeling index studies; 
2.5 x 10° cells/mL for ara-CTP formation and retention studies) 
were cultured in replicate in sterile plastic Falcon 2063 and 2057 
tubes with specific sera at 15% concentration. Cultures were main- 
tained in a humidified atmosphere containing 5% CO, at 37°C. 

Specific sera collection. Sera were obtained from all newly 
diagnosed AML patients. Prior to treatment, 100 mL of whole blood 
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were collected from each patient and allowed to clot and the serum 
was separated under sterile conditions and stored immediately at 
70°C. These sera were studied in culture with bone marrow cells 
from the same patient (autologous pretreatment sera, APS). 

Drug-induced HSA-containing sera were obtained from patients 
with AML undergoing aplasia-inducing chemotherapy at the pre- 
dicted peak of maximal detection."°?°*" To obtain adequate 
amounts of HSA for these in vitro studies, post-treatment sera from 
ten leukemia patients achieving CR, which maximally stimulated in 
vitro marrow cell (7H]dThd incorporation relative to the effects of 
normal serum, were pooled. 4 All sera were stored at ~ 70°C 
until use. 

[?H]dThd incorporation assay. The method for assaying 
(3H]dThd incorporation into marrow cell DNA has been described 
previously?'*“**> and determines both the proliferative status of 
those marrow cells and the relative growth kinetic changes induced 
by perturbing the initial pretreatment cell population with HSA 
during 18 hours culture. In brief, marrow cell suspensions (1 x 10° 
cells/mL) were incubated with 15% specific serum plus PH JdThd 1 
wC/mL (methyl-'H, New England Nuclear, Boston; specific activity 
2 Ci/mmol) at culture initiation. Following 18 hours incubation, 
triplicate cultures were terminated by immersion in ice, and the 
contents of each tube was collected under vacuum on glass fiber 
filter. Each tube was washed with 0.9% NaCl solution, the acid- 
insoluble materials on the filter were precipitated with cold 5% 
trichloracetic acid, and the precipitate was washed three times with 
absolute ethanol. The dry filter was transferred to a screw-top vial to 
which 6 ml of scintillation fluid (Instagel) were added, and the 
amount of incorporated isotope was counted in a liquid scintillation 
spectrometer. Results are expressed as pmol dThd incorporated / 10° 
cells in specific sera. 

Labeling index (LI) determinations. DH] ara-C and (H)]dThd 
leukemic blast LI were determined following 18 hours of culture in 
APS and HSA, as described previously. 5769778 In brief, ali- 
quots of monodispersed AML marrow were incubated with 15% 
specific serum and either [H] ara-C | wCi/mL (specific activity 
11.2 Ci/mmol) or (H]dThd 0.1 wCi/mL (specific activity 2Ci/ 
mmol) for 75 minutes at 37°C in a humidified atmosphere contain- 
ing 5% CO). Following incubation cells were washed carefully in 
phosphate-buffered saline (PBS) three times and lightly cytocentri- 
fuged (1,000 x g. five minutes) onto slides coated with gelatin. 
Autographs were prepared with Kodak NTB-2 photographic emul- 
sion, exposed for 21 days, developed, and stained with Giemsa. The 
PH] ara-C and [H]dThd LI of leukemic marrow cells were 
determined by counting the number of cells per 1,000 that contain 
>5 grains overlying the nucleus. Background labeling is estimated 
by the number of grains present in a cell-free area equivalent to the 
area of the leukemic blast nucleus. Background labeling is negligible 
for PH]dThd (<1 grain) and is <2 to 3 grains for PH] ara-C. Cells 
labeled with [H] ara-C generally contain =10 grains overlying the 
nucleus, and cells labeled with (7H]dThd generally contain 225 
grains. Results are expressed as percentage of labeled blasts. The 
standard error for this method is + 1% in our laboratory. 

Intracellular ara-CTP levels. [H] ara-C (5,6-°H cytosine, 
Moravec Biochemicals, City of Industry, CA; specific activity 18 
Ci/mmol) was added to duplicate cultures at time 0 and to cells in 
APS and HSA following 18 hours incubation (Time 18) to yield a 
final ara-C concentration of | wmol/L. Because ara-C uptake is 
linear over one hour and intracellular ara-CTP formation with 
subsequent retention continues with a plateau over the following one 
to two hours, *® cultures were incubated at 37°C in humidified 5% 
CO, for three hours, then centrifuged at 5,000 x g for five minutes, 
and the ara-C-containing medium was decanted. Half of the cultures 
were resuspended in fresh medium without drug and were returned 
to the incubator to be analyzed one hour later for ara-CTP retained 
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Table 1. Comparison of Effect of Autologous Pretreatment Serum (APS) and Humoral Stimulatory Activity (HSA) 
on Measurements of DNA Synthesis 








APS HSA as Pt 

[H]dThd Incorporation (pmol/ 108 cells) 

CRt 410. 1§ (2.5-34.6)|| 14.0 (2.8-49.5) 1.37 (0.77-2.62) «0.0003 

NR 13.1 (3.2-26.0) 18.9 (5.7-34.5) 1.52 (0.96-2.28) <0,003 
[(PH]dThd LI (9% labeled leukemic blasts) 

CR 6.3 (0.8-14.1) 8.9 (1.0-18.4) 1.56 (0.55-3.00) «0.005 

NR 6.0 (2.6-11.6) 9.1 (2.7-12.1) 1.54 (1.04-3.47) 0.009 
[H] ara-C Incorporation (pmol/ 10° cells) 

CR 1.8 (0.2-4.7) 2.0 (0.3-4.2) 1.19 (0.48-2.87) 0.12 

NR 1.5 (0.4-2.8) 1.9 (0.7-4.6) 1.26 (0.65-3.85) 0.21 
[PH] ara-C LI (% labeled leukemic blasts) 

CR 5.4 (0.4-14.5} 8.5 (0.7-18.3) 2.05 (0.85-12.5) 0.0001 

NR 6.5 (2.4-12.6) 9.0 (2.6-17.5) 


1.37 (0.79-2.48) «0.02 





tPaired two-tailed t test (values in HSA v values in APS). 

tCR, complete remission, 31 patients; NR. no response, 14 patients. 
§Mean for ail CR or NR marrow populations. 

Range for individual CR or NR marrows. 


following the end of drug exposure in the manner described below. 
The other half of the cultures were subjected to a 0.8 mol/L 
perchloric acid precipitation. Following centrifugation the superna- 
tant liquid containing the acid-soluble cell constituents was trans- 
ferred to another tube where it was neutralized with KOH toa pH of 
approximately 7. The insoluble salt was removed by centrifugation, 
and the second supernate was immediately ready for high perfor- 
mance liquid chromatographic (HPLC) analysis of ara-C nucleotide 
levels. ara-CTP levels were measured on a Waters HPLC system 
with an M-45 pump, UGK injector, and model-440 variable wave- 
length absorbance detector set at 254 nm to monitor the separation 
(Waters Association, Milford, MA). The isocratic separation used 
0.4 mol/L KH, PO,, pH 3.1. over a Whatman Partisil 10-SAX 
anion exchange column (Whatman, Clifton, NJ) with an elution 
time of six minutes and a flow rate of 3 mL/min. ara-CTP levels 
were quantitated by the recovery of ara-C-associated counts at the 
established retention time for ara~-CTP and were expressed as pmol 
nucleotide/10° cells. Coefficient of variation for replicate samples is 
«10% in our laboratory. This method is similar to those widely used 


*A HSA/APS; change induced by culture in HSA relative to maintenance in APS. 


for chromatographic separation of nucleotides. ™! = The efficiency 
of the extraction of nucleotide triphosphates using this method was 
examined by adding a known quantity of radiolabeled triphosphate 
(deoxycytidine 5‘-triphosphate [5H], 15 Ci/mmol: New England 
Nuclear, Boston) to an untreated cell preparation. The extract was 
then analyzed by HPLC as described. Using this method 87.0% + 
6.0% of the standard remained in triphosphate form. 

Statistical methods. Comparisons of the effects of HSA relative 
to the effects of APS (A HSA/APS) on leukemic marrow cell 
proliferation and intracellular ara-C metabolism were analyzed 
using Student's z test and Fisher's exact 7 test. The relationships 
between HSA-induced changes in growth and pharmacologic 
parameters and clinical outcome (CR, NR) were also analyzed using 
Student’s z test and Fisher's exact f test. 


RESULTS 


Measurements of DNA synthesis. Measurements of cell 
growth kinetics by [7H]dThd incorporation assay and LI of 


Table 2. Comparisons of Effect of Autologous Pretreatment Serum (APS) and Humoral Stimulatory Activity (HSA) 


on Measurements of Intracellular ara-C Pharmacology Relative to Clinical Outcome 








APS Ae Pt 
Intracellular ara~CTP Formation (pmol/ 10° celis) 
CRt 1.9§ (0.2-7.6)| 2.7 (0.17-11.0) 1.53 (0.50-4.50) <0.006 
NR 2.2 (0.6-5.6) 2.4 (0.80-5.0) 1.29 (0.57-4.20) 0.09 
intracellular ara-CTP Retention (pmol/ 10° cells) 
CR 1.2 (0.1-4.8) 2.1 (0. 15-8.6)} 2.00 (0.41-5.19) «0.002 
NR 1.2 (0.3-3.6) 1.3 (0.30-5.8) 1.18 (0.63-4.83) 0.52 


Relative Retention (%)f 
CR 70.2 (11-210) 
NR 59.4 (25-120} 


84.0 (22-281) 
51.8 (25-140) 


1.42 (0.61-4.25) 
0.85 (0.35-1.30) 








* A HSA/APS; change induced by culture in HSA relative to maintenance in APS. 


+Paired two-tailed t-test (values in HSA v values in APS). 

¢CR, complete remission, 31 patients; NR, no response, 14 patients. 
§Mean for all Cr or NR marrow populations. 

I Range for individual CR or NR marrows. 

“Intracellular ara-CTP retention/intracellular ara-CTP formation {R/F}. 
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the individual AML marrow cell suspensions from the 45 
NPT patients demonstrated similar and reproducible behav- 
ior among this population, regardless of clinical outcome 
(Table 1). The HSA-induced increase in cell proliferation 
was similar to that detected for normal hematopoietic popu- 
lations in vitro” and was similar for the 31 CR and 14 NR 
patients. Significant increases in both parameters were 
detected for AML cells from both CR and NR patients 
cultured in HSA relative to cells maintained in the pretreat- 
ment milieu of APS by 18 hours of culture. The incorpora- 
tion of ['H] ara-C into DNA by these AML populations 
demonstrated greater variability than the counterpart 
(’H]dThd assay, similar to our findings for normal hemato- 
poietic pepulations,” without consistently significant effects 
of HSA detected for all patients. However, the effect of 
HSA on the [PH ] ara-C LI of cultured AML populations 
was similar to that noted for (7H]dThd incorporation and LI, 
with significant increases detected in PH] ara-C leukemic 
blast LI. 

Intracellular ara-C metabolism. The HSA-induced 
alterations in intracellular ara-C metabolism by cultured 
AML marrow cells demonstrated markedly different pat- 
terns for CR and NR patients (Tables 2 and 3, Fig 1). These 
differences, however, were detected only after an 18-hour 
exposure to HSA, when peak measured proliferation is 
detected ®® Determinations of three-hour intracellular ara- 
CTP formation at the time of culture initiation (time 0) were 
similar fer all marrow cell populations cultured in APS (CR, 
mean 6.1 pmol ara-CTP/10° cells, range 0.9 to 27; NR, 
mean 7.} pmol/10° cells, range 1.1 to 24) and those cultured 
in HSA (CR, mean 7.6 pmol/10° cells, range 1.0 to 30; NR, 
mean 7.7 pmol/10° cells, range 1.0 to 22). Thus, similar to 
the findings of others,*°'? we did not detect significant 
differences in baseline AML intracellular ara-C metabolism 
between CR and NR patients. Likewise, measurements of 
subsequent |-hour intracellular ara~CTP retention and rela- 
tive percentage of ara-CTP retained (R/F) in APS-cultured 
cells were similar for CR (mean retention 4.8 pmol/ 10° cells, 
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Change induced by HSA ( 4. HSA/APS) 








CR NR CR 


NR 


Fig 1. Effect of HSA on measurements of intracellular Ara- 
CTP retention relative to clinical outcome. The change induced by 
HSA relative to the effect of APS in (A) quantitative intracellular 
Ara-CTP retention {A R} and {B) relative retention {A R/F} is 
depicted for each of the individual 31 CR and 14 NR patients. Mean 
A R and A R/F for the CR and NR subgroups are depicted by 
horizontal bars. The shaded area represents A of 0.80 to 1.20: 
nonshaded areas represent significant induced changes fer indi- 
vidual marrow populations. 


range 0.6 to 19; mean R/F 70.5%, range 29 to 112) and NR 
(mean retention 4.3 pmol/10° cells, range 0.5 to 14; mean 
R/F 69%, range 36 to 101) subgroups. Cells from CR 
patients that were exposed to HSA during the initial three 
hours of culture tended to have greater intracellular ara-CTP 
retention (mean 5.8 pmol/10° cells, range 0.8 to 20; mean A 
HSA/APS 1.37, range 0.62 to 3.62, P = 0.09) and R/F 
(mean 82.6%, range 10 to 162; mean A HSA/APS 1.14, 
range 0.34 to 2.25, P = 0.12) than APS-cultured cells, while 


Table 3. Relationship of HSA-Induced Change in Intracellular ara-C Metabolism In Vitro to Clinical Outcome 





Clinical Outcome* 








CR NR Pr 
Linked Growth and ara-C Metabolismt 
A§ Formation = 1.2 19/31 (61%) 6/14 (43%) 0.20 
A Retention = 1.2 22/31 (71%) 3/14 (21%) 0,003 
Parallel HSA-Induced 
Change in Growth 
and ara-C Metabolism 25/31 (81%) 2/14 (14%) < 0.00005 
Uncoupled Growth and ara-C Metabolism 
A Formation < 0.8 2/31 (6%) 4/14 (29%) 0.065 
A Retention = 0.8 2/31 (6%) 6/14 (43%) <0.007 
Divergent HSA-induced 
Change in Growth 
and ara-C Metabolism 3/31 (10%) 10/14 (71%) 0.00007 





*CR, complete remission, 31 patients: NR, no response, 14 patients. 
+Fisher's exact t test (CR v NR). 
fintraceliular ara-CTP levels. 


§A HSA/APS, change induced by culture in HSA relative to maintenance in APS. 
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cells from NR patients demonstrated no such HSA-related 
trends in either retention (mean 4.9 pmol/10° cells, range 0.2 
to 14) or R/F (mean 66.2%, range 10 to 90). Initial exposure 
to HSA resulted in modest increments in these pharmaco- 
logic measurements, particularly with respect to active drug 
retention by CR populations, but these HSA-related changes 
were not markedly different either from CR cells maintained 
in APS or from NR populations assayed during the initial 
phases of the culture period. 

Following 18 hours in culture, however, the pharmacologic 
behavior of HSA-stimulated cells from CR patients was 
distinct from similarly cultured cells obtained from NR 
patients (Table 2, Fig 1). Significant increases in both 
three-hour intracellular ara-CTP formation (P < 0.006) and 
subsequent one-hour ara-CTP retention (P < 0.002) were 
detected for the 31 CR cell populations cultured in HSA 
relative to the same cells maintained in APS, with a greater 
HSA-related increase detected for retention than for forma- 
tion (P < 0,02). In contrast. only modest HSA-induced 
enhancement of ara-CTP formation and no such enhance- 
ment of active drug retention was detected for cells from the 
14 NR patients. Furthermore, although there was no signifi- 
cant difference in the absolute amounts of ara-CTP formed 
for CR and NR populations, the HSA-induced increase in 
ara-CTP retention by CR cells (P < 0.01) was significantly 
greater than that detected for NR cells. Parallel HSA- 
induced perturbations in growth kinetics and intracellular 
ara-C metabolism were associated with achievement of CR; 
conversely, divergence of cellular growth and pharmacologic 
behavior in the HSA-stimulated state was associated with 
clinical ara-C refractoriness (Table 3). The percent of rela- 
live intracellular ara-CTP retention (R/F) for ceils from the 
31 CR and 14 NR patients was similar when celis were 
maintained in APS for 18 hours and was similar to the same 
parameters obtained by immediate (time 0) exposure to 
ara-C in vitro. For the HSA-cultured CR populations, 
however, relative retention was magnified (A R/F, compar- 
ing R/F in HSA milieu with R/F in APS), unlike NR 
populations, with the percentage of ara-CTP retained by 
HSA-perturbed CR cells being greater than the percentage 
retained by HSA-cultured NR cells (P < 0.01). 


DISCUSSION 


These studies of human AML marrow cells examine the 
interrelationship between cell growth kinetics and intracellu- 
lar biochemical pharmacology of the S-phase-specific anti- 
metabolite ara-C. Measurements of these parameters are 
feasible and can be evaluated in at least 75% of our adult 
AML patient population. From our data we are able to 
identify behavior patterns of ara-C activation and net metab- 
olism in the kinetically perturbed, proliferative state that 
may discriminate clinical sensitivity from clinical resistance 
to ara-C-based timed sequential therapy. The linkage of 
HSA-perturbed growth with HSA-enhanced intracellular 
drug disposition in clinically sensitive AML cohorts parallels 
our findings in normal human hematopoietic cells,’ while 
clinically resistant leukemic populations demonstrate an 
uncoupling of proliferative and biochemical determinants in 
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the growth-stimulated milieu. Such uncoupling likely signi- 
fies divergence from normal drug-sensitive behavior and, 
thus, resistance to ara-C cytotoxicity. These findings further 
provide a biochemical rationale to our observations regard- 
ing enhanced ara-C cytotoxic effects in HSA-stimulated 
populations and substantiate data derived from in vitro 
chemotherapy models in human hematopoietic cancers?” as 
well as support our in vivo trials of timed sequential therapy 
in leukemia-bearing rodents’*’*"*"9 and in humans with 
acute leukemia. 

The in vitro effects of HSA were not immediately measur- 
able either in terms of growth perturbation or enhanced net 
drug metabolism. This lag time with respect to both factors is 
not surprising given the mechanisms of action defined for the 
multiple hematopoietic stimulators.” 444 HSA likely acts 
during G, and effects recruitment of target cells into S 
phase™*??°4434546. hypothetically its initial actions may 
relate to changes at the cell membrane level that affect 
nucleoside receptor number or binding and/or to induction of 
enzymes that promote intracellular nucleoside metabolism, 
ie, cytidine kinase, as well as enzymes such as thymidylate 
synthetase that facilitate DNA synthesis and eventually 
culminate in proliferation as measured by entry into S phase. 
The modest increments in pharmacologic parameters noted 
during the initial three to four hours of culture in HSA may 
reflect these postulated initial actions. The full effects of 
HSA perturbation, however, are realized only after an 
exposure time that allows for entry of those stimulated cell 
cohorts into S phase with ongoing DNA synthesis. 

Our data demonstrate a differential effect of HSA on 
biochemical measurements of net intracellular ara-C metab- 
olism by cultured AML populations with respect to eventual 
clinical outcome of ara-C-based timed sequential therapy. 
Although all HSA-perturbed populations evinced some 
increase in intracellular ara-CTP formation relative to APS- 
maintained cells, this enhancement tended to be greater in 
sensitive cohorts than in resistant cells. This enhancement 
may relate to changes induced at multiple potential sites 
where ara-C activity could be modulated, including mem- 
brane receptors and transport systems,” intracellular pool 
sizes of cytidine metabolites,” or enzymes responsible for 
ara-C activation.*'*"'* However, the overall effect of HSA 
on this initial stage of intracellular ara-C metabolism does 
not clearly differentiate drug-sensitive from drug-resistant 
leukemic populations, suggesting that the underlying ara-C 
activation mechanisms affected by HSA are perhaps directly 
linked to mechanisms related to proliferation in both sub- 
groups. 

Determinations of quantitative and relative intracellular 
ara-CTP retention, as the measurement of net drug metabo- 
lism, in the growth-stimulated state appear to directly relate 
to eventual! clinical outcome of ara-C-based timed sequential 
therapy. The HSA-related increase in activated ara-C reten- 
tion measured in CR patients may well reflect an increased 
stability of triphosphorylated drug intracellularly. The para- 
doxical decrease in ara-CTP retention detected in growth- 
stimulated NR populations is less readily explained but may 
relate to increased levels of degradative enzymes or to efflux 
of active drug from the cell. Such potential defects cannot be 
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determined from our data but are worth further consider- 
ation. 

These data may further suggest a difference in both 
baseline and HSA-perturbed proliferation between CR and 
NR cell cohorts that could impact on pharmacologic behav- 
ior. Although all AML populations responded to HSA by 
increasing the proportion of cells in S phase and undergoing 
DNA synthesis, cells from NR patients tended to have 
modestly increased [*H]dThd incorporation relative to cells 
from CR patients. The tendency for therapy-resistant cells 
from various hematologic malignancies to have higher initial 
DNA content and/or greater proportions of cells in apparent 
S phase has been detected by some investigators.°°?* It is 
conceivable that some of our refractory AML cohorts may 
have an intrinsically shortened G, phase of the cell cycle that 
is further aggravated by exposure to HSA and during which 
the requisite processes leading to net drug activation, metab- 
olism, and eventual incorporation into DNA cannot be 
carried to completion. 

From our present studies we conclude that sensitive AML 
marrow cell populations behave similarly to normal hemato- 
poietic cells” with direct linkage of growth and pharmaco- 
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logic behavior that culminates in enhanced ara-C cytotoxic- 
ity in the HSA-perturbed nonsteady state, while refractory 
cells demonstrate uncoupling of these determinants. This in 
vitro model using HSA to partially overcome kinetic hetero- 
geneity parallels timed sequential therapy, where initial drug 
priming induces proliferation of the residual tumor cohort in 
vivo’*?33738 and supports the premise that such induced 
proliferation renders target cells more sensitive to the effects 
of an optimally timed ara-C infusion when those cells are 
capable of appropriate pharmacologic response. These in 
vitro measurements of interrelated growth and pharmacol- 
ogy may further serve as a template for prediction of clinical 
outcome to timed sequential therapy with ara-C, where both 
determinants of response are intrinsic to the designed drug 
scheduling. 47931357739 
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The Molecular Basis of 8-Thalassemia in Lebanon: 
Application to Prenatal Diagnosis 


By F.F. Chehab, V. Der Kaloustian, F.P. Khouri, S.S. Deeb, and Y.W. Kan 


A study of the molecular lesions of 8-thalassemia in Leba- 
non revealed the presence of eight different mutations in 
25 patients with Cooley's anemia. The IVS1 position 110 
mutation predominated with a frequency of 62% and was 
almost invariably associated with Mediterranean chromo- 
some haplotype I. Five other mutations commonly found in 
the Mediterranean area occurred with frequencies of 2% to 
8%. In addition a G — C substitution in IVS1 position 5 (a 


EBANON, a small country on the Mediterranean Sea, 
is known to have interacted with many civilizations 
over the centuries, and the Lebanese population has resulted 
from an admixture of various ethnic groups. The incidence of 
@-thalassemia trait of both the 8° and 8* forms’ is 2% to 3% 
in Lebanon.’ Consanguineous marriages within certain eth- 
nic communities having a high incidence of 6-thalassemia 
have led to an increase in homozygous patients within that 
particular community. Clinically, homozygous 3-thalasse- 
mia in Lebanon is manifested as the severe transfusion- 
dependent state, a form of Cooley's anemia that prevails in 
the Mediterranean region, throughout the Middle East, the 
Indian subcontinent, Burma, and southeast Asia.’ The eluci- 
dation of the molecular defects of 8-thalassemia in Lebanon 
should be informative on both scientific as well as anthropo- 
logic levels, since it would reflect the diversity of populations 
residing in that country. Whereas therapy for §-thalassemia 
has been mainly supportive, prevention of the disease by 
prenatal diagnosis has been a major goal in areas where the 
incidence is high. The characterization of the molecular 
defects would allow implementation of a prenatal diagnosis 
program. In this study, we have delineated the molecular 
lesions of 8-thalassemia in Lebanon. We first studied the 
linkage of DNA polymorphisms in the 8-globin gene cluster 
to specific 8-thalassemia mutations and then defined specific 
mutations with oligonucleotide probes or by cloning and 
sequencing. We found eight different DNA haplotypes and 
eight different mutations among 50 8-thalassemia chromo- 
somes. Six mutations were previously described in the Medi- 
terranean population; one mutation previously found in the 
Chinese and Asian Indian populations was also found in this 
Mediterranean population on a new haplotype. In addition, 
we uncovered a new mutation that has not been previously 
described. 


METHODS 


Patients. Twenty-five unrelated homozygous 8-thalassemic sub- 
jects (three 8° and 22 8*) were studied. All but one Christian patient 
were either Sunni or Shiite Moslems. Individuals in the present 
study have typical histories of transfusion-dependent Cooley’s ane- 
mia. 

DNA extraction and Southern blotting. DNA was extracted 
from the peripheral blood of affected individuals by either the 
proteinase K method* or by the standard procedure of phenol- 
chloroform extraction.’ Ten micrograms of DNA were digested to 
completion with the appropriate restriction enzyme, separated 
according to size an agarose gels, transferred to nitrocellulose 
filters.° and hybridized to *P-nick translated 8, y, Y8, and « globin 
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lesion previously found in Chinese and Asian Indians) was 
demonstrated in a patient with Mediterranean haplotype 
IX. A new mutation at codon 29 was found in two other 
patients with haplotype Il. The characterization of these 
8-thalassemia mutations should allow the implementation 
of a prenatal diagnosis program in that country. 

e 1987 by Grune & Stratton, Inc. 


gene probes. DNA haplotypes were determined using seven common 
restriction site polymorphisms in the 3-globin cluster.’ 

Oligonucleotide hybridization. Synthetic 19-mer oligonucleo- 
tide probes were labeled by phosphorylation of the 5’ ends with 
y-7P-ATP (7,000 Ci/mmol, ICN or New England Nuclear, Boston) 
and T4 polynucleotide kinase. The labeled oligonucleotide was then 
separated from unincorporated nucleotides by thin layer chromatog- 
raphy on diethyl aminoethyl (DEAE) cellulose plates (Analtech, 
Newark, DE) in the presence of urea and hydrolysed yeast RNAS 
Five to ten micrograms of genomic DNA were digested with Bam 
HI. separated on 0.8% agarose gels, and processed exactly as 
described,’ except that the hybridization and washing temperatures 
were varied according to the probe used as shown in Table I. These 
temperatures were empirically selected according to the formula of 
Conner et al,” then experimentally adjusted. 

Molecular cloning and DNA sequencing. One hundred fifty to 
two hundred micrograms of genomic DNA were completely digested 
with Eco RI or Hind HI, fractionated on 10% to 40% sucrose 
gradients, and the @-globin-rich fraction identified by Southern 
blotting. Bacteriophage à Charon 4A and Charon 30 were used for 
Eco RI and Hind IH vectors, respectively. The recombinant bacteri- 
ophage clones containing -globin inserts were generated as 
described.” Bacteriophage clones containing the 5.2 kb. 3.6 kb Eco 
RI fragments and 7.8 kb Hind HI 8-globin fragments were thus 
isolated. The 5.2 kb and 7.8 kb fragments were further subcloned in 
either of the bacterial plasmids pBR322, pUCI8, or pBS (Strata- 
gene Cloning Systems, San Diego). DNA sequencing of double- 
stranded supercoil DNA was essentially as described." 

Prenatal diagnosis. DNA from a Lebanese couple with a child 
affected by homozygous §-thalassemia was haplotyped for DNA 
polymorphisms in the 8-globin cluster, and the most likely mutation 
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Table 1. Hybridization and Washing Temperatures of Oligonucleotide Probes 





Hybr/Wash 





Oligo 8-Globin Site Sequence 

1 IVS1,110 Normal 5 AAAATAGACCAATAGGCAG3’ 54°/54° 
Mutant 5 CTGCCTATTAGTCTATTTT 3” 45°/45° 

2 VS 1.6 Normal 5’ AACCTTGATACCAACCTGC 3’ 45° /58° 
Mutant 5’ GCAGGTTGGCATCAAGGTT 3’ 48° /54° 

3 Codon 39 Normal 5’ CCTTGGACCCAGAGGTTCT 3’ 55°/55° 
Mutant 5' AGAACCTCTAGGTCCAAGG 3° 55°/55° 

4 Codon 8 Normal 5 CTCCTGAGGAGAAGTCTGC 3’ 45°/55° 

5 Codon 29 Normal 5' GGCCCTGGGCAGGTTGGTA 3° 52°/58° 
Mutant 5’ TACCAACCTACCCAGGGCC 3’ 52°/55° 

6 IVS1,5 Normal 5 ACCTTGATACCAACCTGCC 3’ 56°/53° 
Mutant 5’ GGCAGGTTGCTATCAAGGT 3’ 


55°/53° 





linked to this haplotype was identified by oligonucleotide hybridiza- 
tion. After obtaining informed consent from the parents, 35 mL of 
amniotic fluid was collected in Lebanon and flown to San Francisco 
within 24 hours. The packed cells were collected by centrifugation, 
washed, resuspended in 400 uL of 0.1 mol/L NaCl, 0.05 mol/L Tris 
HCI pH 7.5, | mmol/L EDTA, and lysed with 25 uL of 10% SDS. 
The lysate was digested overnight with 100 ug/mL proteinase K at 
55°C, phenol was extracted, and ethanol was precipitated. Five 
micrograms of DNA were digested with Bam HI and were processed 
as described above for oligonucleotide hybridization. 


RESULTS 


Haplotypes. One Asian and seven common Mediterra- 
nean haplotypes were found in the Lebanese population. 
Table 2 lists the haplotypes detected and their frequencies. 
Mediterranean haplotype I predominated over the other 
haplotypes. Twenty-three of the 25 patients were homozy- 
gous for a single haplotype (1, Hf, H, IV, VI, VII, and IX) 
and two were doubly heterozygous for two different haplo- 
types (1/VI and H/Asian H). 

Detection of mutations. To elucidate the molecular 
defects of 8-thalassemia in this population, we tested each 
patient’s DNA by either Southern blotting or oligonucleotide 
hybridization for one or more mutations previously shown to 
be linked to that haplotype. If the molecular lesions could not 
be uncovered according to the above strategy, the @-globin 
genes were cloned and sequenced. 

Two mutations were detected by Southern blotting. 
Patients with haplotype HI and haplotype VH were tested 
for the IVS2 position | (G — T) and IVS2 position 745 
(C ~+ G) lesions that respectively alter the Hph I and Rsa I 
restriction endonuclease sites. One patient each was found to 
be homozygous for these two mutations. 

Synthetic oligonucleotide hybridization detected the 
mutation in 18 other patients who are homozygous for a 
single haplotype. These include the [VS1 position 110 muta- 
tion in 15 6-thalassemia patients homozygous for haplotype 
I, the IVS! position 6 mutation in a patient homozygous for 

-haplotype VI, the nonsense mutation at codon 39 in a 
homozygote for haplotype I, and the dinucleotide deletion at 
codon 8 in a homozygote for haplotype IV. In addition, a 
patient who is doubly heterozygous for haplotypes I and VI is 

~ also-homodzygous for the 1VS1 position 6 mutation. 


The molecular lesions in the B-globin genes from four 
other patients were not detected by the above strategy. The 
-globin genes of a patient homozygous for haplotype IX 
were cloned in Charon 4A and subcloned in pBR322. Super- 
coil DNA sequencing showed that the mutation was a 
G -> C substitution at IVSI position 5 (Fig 1). This substi- 
tution was subsequently confirmed by oligonucleotide 
hybridization to be present on both of this patient’s chromo- 
somes (Fig 2). 

The second patient with an uncharacterized mutatien was 
a double heterozygote for haplotypes H and Asian H. By 
oligonucleotide analysis, he carried the [VS] position 110 
lesion on one chromosome. His 8-globin genes were cloned in 
Charon 4A followed by subcloning in pBS, and DNA 
sequencing revealed the IVS1 position 110 mutation on 
haplotype H. The other chromosome with the Asian H 
haplotype carried the dinucleotide deletion in codon 8, which 
has previously been reported to be associated with Mediter- 
ranean haplotype IV. 

Two other patients homozygous for haplotype H failed to 
show any of the above mutations. The B-globin genes from 
one were cloned in Charon 30 and subcloned in pUCIB. 
DNA sequencing revealed a base change (C -+ T} at codon 
29 (Fig 1). Two oligonucleotide probes complementary to 
the normal and mutated sequence at codon 29 were then 
synthesized and hybridized to genomic DNA from these two 


Table 2. Distribution of 6-Thalassemia Haplotypes in Lebanon 








Haplotype e Sy Ay ve 3 3A Chom Frequency 
| + = = = = +4 + 31 0.62 

it - + + - $ + + 7 0.14 
H Z $ hs, i AE 2 0.04 
IV p dna Si | t = + 2 0.04 
vi A a + 3 0.06 
vil E nee EU Sh tee ey. lok 2 0.04 
Ix ~ s + 2 0.04 
Asian H S E: + 1 0.02 





The polymorphic restriction sites were: The Hine Il site 5’ to the gene; 
the Hind lil sites in the second IVS of the °-y and Ay genes; the two Hinc I} 
sites in and 3’ to the Yf gene; the Ava Il site in the 8-gene and the Bam H! 
site 3’ to the 8 gene. (+) or (~) denote respectively the presence or the 
absence of the polymorphic site. 
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Fig 1. Oligonucleotide hybridization of DNA from a normal 
patient and four patients in whom the mutations were not identi- 
fied. In the left panels, oligo’s 6 (see Table |) were hybridized to 
DNA from a normal individual, two patients homozygous for 
haplotypes IX and Il, and one patient doubly heterozygous for 
haplotypes Il and Asian H. Note that DNA from IX hybridized with 
the mutant probe, thus confirming the IVS1,5 (G — C) mutation. 
In the right panel, oligo’s 6 were used. The first lane contains 
genomic DNA from a patient homozygous for haplotype Il in which 
cloning and sequencing identified the codon 29 mutation and 
serves as a positive control. The second patient homozygous for 
haplotype Il also hybridized with this probe. The patient with 
haplotype II/H did not hybridize with the mutant probe. The 1.8-kb 
fragments in which these two mutations reside are identified by 
the arrows. Other bands are due to cross-hybridizations. 


patients. Both proved to be homozygous for the same substi- 
tution at codon 29 (Fig 2). 

Thus in this sample of 50 8-thalassemia chromosomes 
from Lebanon, eight different mutations were found to 
account for §-thalassemia. Haplotype I and the IVS 1 
position 110 lesion are strongly linked in this population and 
accounted for 60% of the 8-thalassemia mutations. The other 
seven mutations are distributed at a frequency range of 2% to 
8%. The heterogeneous 8-thalassemia mutations in Lebanon 
can thus be detected by the use of six oligonucleotide probes 
and two restriction enzymes (Table 3). 

Prenatal diagnosis. We have performed a prenatal diag- 
nosis for a Lebanese fetus at risk for 8-thalassemia by 
oligonucleotide hybridization of amniotic DNA. Previous 
screening of the parents and an affected child revealed that 
the 8-thalassemia alleles were on chromosomes haplotype 1, 
and hybridization with oligonucleotide probes showed that 
the mutation was the IVS1 position 110 (G — A). The fetal 
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DNA when tested with oligonucleotide probes for this muta- 
tion hybridized only to the normal probe. Thus the fetus did 
not carry this mutant 8-globin allele. 


DISCUSSION 


The clinical manifestation of 3-thalassemia in Lebanon is 
severe, and homozygous patients have #/a globin synthetic 
ratios of 0 to 0.34.' In this study we have delineated the 
molecular defects in 25 transfusion-dependent 8-thalassemia 
Lebanese patients by Southern blotting, synthetic oligonu- 
cleotide probing of genomic DNA, and molecular cloning 
followed by DNA sequencing. The Lebanese population 
carries eight different 3-thalassemia mutations, six of which 
have been previously reported in the Mediterranean area. 
The IVSI position 110, IVS1 position 6, IVS2 position 1, 
IVS2 position 745, 3°? nonsense mutation, and frameshift 
mutation at codon 8 have all been shown to significantly alter 
the normal expression of the 8-globin gene.'*'* The linkage 
of 3-thalassemia mutations in Lebanon to DNA haplotypes 
in the 8-globin cluster was similar to that described’ for 
haplotypes 1, 1, H1, IV, VI, and VII. In addition we found 
four new linkages in this population: the mutation in [VSI 
position 6 to haplotype I, the mutation at IVS1 position 5 
(G — C) to haplotype IX, the dinucleotide deletion at codon 
8 to the Asian H haplotype new to the Mediterranean, and 
the new mutation at codon 29 to haplotype II. 

All of these mutations except the one at codon 29 have 
been previously described. The 3°’ mutation’*"* has also been 
found in Sardinia,'* Morocco, Algeria,” Greece, and Tur- 
key.'* The nucleotide substitution at the 5’ splice site of IVS2 
has been described in an Italian and in some Iranian 
patients. The dinucleotide deletion at codon 8 was origi- 
nally detected in a Turkish patient.’ The IVS! position 110 
mutation'”"* is the most common cause of 8-thalassemia in 
Mediterranean countries.’ 

The IVS1 position 6 mutation was originally found in a 
Portuguese patient’? and subsequently in Greek Cypriots.” 
Typically the clinical course of patients with this mutation is 
mild in nature. However, the two Lebanese patients with this 
mutation have a more severe clinical disease as they both 
showed typical thalassemic facies, had 8/a globin synthetic 
ratios of 0.34 and 0.20, and required regular blood transfu- 
sions when their hemoglobin levels fell below 6 to 8 g/dL. 
Although the reason for the more severe clinical course in the 
Lebanese patients is not known at this time, Lebanese 
parents at risk for this mutation should also receive genetic 
counseling for prenatal diagnosis. 

The substitution (G — C) at 1VSI position 5 is interesting 
because it was previously found in the Chinese”! and Asian 
Indian” populations. With its occurrence also in the Medi- 
terranean region, it has now been found in three different 
populations. The fact that this mutation lies on a different 
haplotype in each population suggests that it arose indepen- 
dently in each and that this region of the 4-globin gene is a 
hot spot for mutation. 

The substitution at codon 29 was found in two patients, 
and while silent at the amino acid level, it createssa GT 
dinucleotide at this position 2 bp 5’ to the normat GT donor, 


h 
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splice site of IVS1. The new GT dinucleotide may act as a 
donor splice site, thus causing a frameshift. Alternatively, as 
in the case of hemoglobins E,” Knossos,” and a 8-thalasse- 
mia found in a black patient,” this mutation may activate 
cryptic splice sites present in this region of the 8-globin gene. 
We are currently investigating the precise splice point of the 
codon 29 mutation by DNA-mediated gene expression trans- 
fer experiments. Nevertheless, since the phenotype of this 
mutant is 3°, some normal splicing of this mRNA must 
remain. 

Until recently, prenatal diagnosis of G-thalassemia using 
DNA analysis was usually performed by establishing linkage 
of polymorphic restriction sites along the 6-globin cluster.” 
Currently synthetic oligonucleotide probes provide a more 
direct method for detecting the mutation in prenatal diag- 
nosis.”** The delineation of the molecular lesion would allow 
a rational approach to prenatal diagnosis in the Lebanese 
population. While haplotype | and the IVS1 position 110 
mutation are predominant, parents and any affected children 
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Fig2. DNA sequencing gel showing the muta- 
tions at |VS1 position 5 and codon 29. The horizon- 
tal arrows in both panels indicate the donor splice 
site, and the bold letters indicate the nucleotide 
substitutions. The coding strands are shown in the 
left columns of the sequences. 


should be screened for specific 3-thalassemia lesions and 
DNA polymorphisms in the 8-globin cluster prior to an 
attempted pregnancy. This approach has been successful in 
the case reported herein. 

The heterogeneity of 8-thalassemia mutations in Lebanon 
may be explained by the history of this country, which has 
long been a crossroads of several civilizations, The ancient 
Phoenician culture has been well documented as a migratory 
civilization from Lebanon to various regions of the Mediter- 
ranean Sea and Africa and could have thus served as a 
genetic vehicle across populations contributing to the wide- 
spread nature of these mutations. Lebanon has witnessed the 
passage of many different populations in the last 500 years, 
from the Crusades to the Ottoman empire, and for the last 
200 years has seen the convergence of various Moslem sects 
from neighboring Arab countries. This admixture of ethnici- 
ties may well be reflected by the genetic diversity of 8- 
thalassemia mutations resulting from population migration 
and gene flow. 


Table 3. Linkage of Haplotypes to -Thalassemia Mutations in the Lebanese Population 


Haplotype Type No, of Chrom Mutation Frequency Detection 
I pt 30 IVS1 position 110 (G — A) 0.50 Oligo 1 
B’ 1 IVS1 position 6 (T — C) 0.02 Oligo 2 
1l Be 2 Codon 39 (C — T) 0.04 Oligo 3 
B* 4 Codon 29 (Cc — T) 0.08 Oligo 5° 
Bp 1 IVS1 position 110 (G — A) 0.02 Oligo 1 
ill Be 2 IVS2 position 1 (G — T) 0.04 Hph1 
IV Be 2 Codon 8 (—2, AA) 0.04 Oligo 4 
vi B° 3 IVS1 position 6 (T — C) 0.06 Oligo 2 
vil B* 2 IVS2 position 745 (C — G) 0.04 Rsa | 
IX B+ 2 IVS1 position 5 (G — C) 0.04 Oligo 6* 
Asian H p° 2 Codon 8 (2, AA) 0.02 Oligo 4* 





*These mutations were initially detected by cloning and sequencing. 
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Localization of Chlorotetracycline Fluorescence in Human 
Polymorphonuclear Neutrophils 


By Thomas D. Coates, Martine Torres, Jon Harman, and Vicki Williams 


Chiorotetracycline (CTC) has been used in many cells as a 
probe for membranous calcium. In polymorphonuclear neu- 
trophils (PMN), the changes in CTC fluorescence upon 
stimulation are considered to monitor an early event in the 
activation process. Using quantitative video-enhanced 
microscopy, we report that in resting cells about 80% of 
the CTC signal emanates from the perinuclear region of the 
cell, indicating that internal structures are labeled with 
CTC. Approximately 20% of the total CTC fluorescence is 
taken up in a compartment sensitive to mitochondrial 


HE FLUORESCENT probe chlorotetracycline (CTC) 
has been employed in several cell systems to detect 
membrane-bound divalent cations.'* Its fluorescence is 
enhanced in apolar regions and in the presence of calcium or 
magnesium.*” The effects of calcium and magnesium can be 
distinguished on the basis of differences in excitation and 
emission spectra.**’ While CTC fluorescence correlates with 
the uptake of radiolabeled calcium in resting cells,”* it may 
not accurately reflect calcium status in stimulated cells 
where divalent cations, membrane potential, and intracellu- 
lar pH are changing simultaneously. Factors other than 
calcium may play a role in determining the ultimate magni- 
tude of CTC Auorescence change’: however, it is clear that 
change in CTC fluorescence is one of the earliest events 
during the activation of polymorphenuclear neutrophils 
(PMN) by n-formy!-methionyl-leucyl-phenylalanine 
(FMLP).*"° Since CTC is lipophilic, it can partition in all 
membranes. To further understand the nature of the CTC 
fluorescence response, we studied the localization of CTC 
within intact PMN and PMN devoid of granules and nucleus 
(PMN cytoplasts [CP]). By using the CTC response in CP as 
a model for the plasma membrane-associated CTC change, 
we have dissected the biphasic CTC response curve in intact 
PMN into an internal and an external component. 
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inhibitors, which is not present in neutrophils depleted of 
nucleus and granules or cytoplasts. Upon stimulation PMN 
loaded with CTC exhibit a rapid, biphasic decrease in 
fluorescence that is dose dependent. The second phase of 
the response is not seen in neutrophil cytoplasts. These 
results suggest that internal stores of CTC are responsive 
upon stimulation and could account for the later decrease 
in CTC fluorescence, whereas the early phase of CTC 
changes represents the plasma membrane response. 

© 1987 by Grune & Stratton, Inc. 


MATERIALS AND METHODS 


Reagents. Cytochalasin B (Sigma Chemical, St. Louis) was 
dissolved in dimethyl sulfoxide (DMSO) at 10 mg/mL and used ata 
final concentration of 5 g/mL. Aliquots of stock solution of FMLP 
(Sigma Chemical, St Louis) were prepared at 10°* mol/L in 1% 
DMSO and kept frozen. CTC (ICN, Cleveland) was prepared fresh 
daily at 50 wmol/L in the experimental buffer. A 40% stock solution 
of Ficoll (mol wt 70,000. Pharmacia Fine Chemicals, Uppsala, 
Sweden) was made in 0.025 mol/L Tris-HCL, pH 7.4 and was 
filtered into a sterile flask. The stock was further diluted to prepare 
the gradient in phosphate-buffered saline (PBS) with 5 mmol/L 
glucose, pH 7.4 (PBSG).""" 

Cell preparation. Heparinized venous blood was obtained from 
normal volunteers in accordance with the precepts established by the 
Helsinki Declaration and with the approval of the Human Experi- 
mentation Committee of Indiana University. PMN were isolated as 
previously described!" by dextran sedimentation, followed by cen- 
trifugation through a Ficoll-Hypaque gradient. PMN were main- 
tained in HEPES buffer until ready for use. 

Cytoplasts preparation. PMN were resuspended in a 12.5% 
Ficoll solution and treated for five minutes at 37°C with 5 pg/mL 
cytochalasin B. The suspension was then layered on a discontinuous 
gradient (25%, 16%) whose components had been prewarmed at 
37°C for three hours. Cytochalasin B was present throughout the 
gradient. The gradient was then centrifuged for 30 minutes at 
81,000 g (middle of the tube) at a temperature close to 33°C. After 
centrifugation the enucleated PMN were collected at the interface 
between the 12.5% and 16% layers.''"? The purity of the cytoplasts 
preparation was monitored microscopicaily and enzymatically as 
described.'' Their functional activity was tested by their ability to 
produce superoxide anion (O, ). Preparations that were not in the 
normal range fer both enzyme content and O,° production were 
rejected. 

Chlorotetracycline measurement. After preparation as de- 
scribed, cytoplasts (CP) or cytochalasin B-treated PMN were 
washed three times in normal saline and resuspended in HEPES 
buffer, pH 7.4 (10 mmol/L HEPES, 130 mmol/L NaCl, 10 
mmol/L KCI, 0.5 mmol/L glucose, 0.75 mmol/L CaCl, and 0.5 
mmol/L MgCl) at 5 x 10’/mL. Two hundred microliters of 50 
mol/L CTC in 10 mmol/L HEPES buffer, pH 7.4, was added to 
200 aL of either the CP or the PMN suspension, and the resulting 
mixture was allowed to incubate at room temperature in the dark for 
20 minutes. An aliquot of this solution was transferred to a cuvette, 
and the basal fluorescence was monitored in a Perkin-Elmer model 
MPF-44B fluorescence spectrophotometer (Perkin-Eimer Corp, 
Instrument Division, Norwalk, CT) equipped with magnetic stirring 
and a thermostated cell holder. The final concentration of cells was 
5 x 10°/mL and that of CTC was 2.5 pmol/L. Excitation and 
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emission wavelengths were 386 nm and 544 nm, with slits of 10 nm 
and 15 nm respectively. Results are expressed as percent decrease of 
CTC fluorescence with respect to baseline: F, x 100/F,, where Fy is 
the fluoreseence baseline and F, is the fluorescence at time t. To 
study the early and late phases of the CTC response, the percent 
decrease in CTC fluorescence was measured 20 seconds and seven 
minutes after addition of the stimulus 

Chlorotetracycline uptake. The rate of uptake of CTC into 
PMN or CP was determined by exposure to a fixed concentration of 
CTC for varying periods of time. CTC (25 umol/L) was placed in 
0.9 mL of HEPES buffer containing 5 mmol/L glucose into I-ml 
microcentrifuge tubes at room temperature. At t = 0, 100 L of a 
suspension of PMN or CP at $ x 107 cells/mL were added. The cells 
were centrifuged immediately or after fixed periods of time and then 
washed by gentle addition of buffer without CTC 
tion the supernatant was decanted, and the cells were resuspended in 
| mL of buffer devoid of CTC 
for 30 seconds, This procedure gave similar results as extraction of 


After centrifuga- 
The suspension was then sonicated 


CTC with ethanol (data not shown). The total fluorescence of the 
suspension was then measured. For comparison of PMN and CP, the 
respective curves were normalized based on the fluorescence at 20 
minutes 

PMN or CP were treated for five 
minutes at room temperature with | mmol/L potassium cyanide 
(KCN), | mmol/L sodium azide (NaN,), or 10 mol/L Rotenone 
prior to performing the uptake experiments. NaCl or DMSO was 


Mitochondrial inhibitors 


used as a control 
Video microscopy. Microscopic observation of PMN was car- 
ried out in a chamber designed to allow easy exchange of bathing 
medium while cells are under observation."* The chamber was 
maintained at 37°C by means of an Air Curtain stage warmer. PMN 
at | x 10° cells/mL were placed in the chamber and allowed to 
adhere to the cover slip. The chamber was placed on the fluorescence 
microscope and the fluid was exchanged for buffer containing 50 
umol/L CTC and allowed to incubate for 20 minutes. Experiments 
were performed on a Leitz Orthoplan microscope with Ploem 
illuminator set up in cpi-fluorescence mode using the UV filter set 
510 nm). Viability of 
PMN chosen for observation was determined by presence of spread- 


(ex 340 to 380 nm, dichroic mirror 430, em 


ing and evidence of spontaneous movement. While there was some 
autofluorescence seen at these wavelengths, the fluorescence of 
CTC-loaded PMN was considerably greater than background auto- 
fluorescence. To reduce cell damage and photobleaching of CTC by 
the UV light, images were obtained with exposure to light for brief 
periods, usually less than five seconds 

Image analysis system. Fluorescence was recorded with a Dage- 
MTI model 66 silicon intensified target video camera (Dage-MTI. 
Michigan City, IN) connected to a Panasonic NV-8030 time lapse 
video tape recorder (VTR). Images were digitized from video tape 
using a DS-65 digitizer board (The MicroWorks, DelMar, CA) and 
an Apple II+ microcomputer (Apple Computer, Cupertino, CA) 
The software used in this system is described elsewhere." The image 
analysis techniques used here for determination of integrated optical 
densities are standard." 

Localizetion. PMN are viewed on a video monitor using the 
freeze-frame mode of the VTR (Fig 1). The cell of interest was 
outlined on the monitor with a moving cursor. The area outlined was 
then digitized and mapped at four to one ratio to a color monitor 
This results in a four times enlarged image with each range of 
intensity represented by a different color (Fig 2). By adjusting the 
ranges of mtensity, it was possible to arrive at an assignment such 
that a particular color corresponded closely to a particular structure 
in the original image. This technique was possible only because 
CTC, and therefore the major source of fluorescence, was confined 
to discrete structures in the PMN. The intensity information from 
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Fig 1. Video image of a group of PMN loaded with CTC. The 
image was photographed from the video monitor after recording 
on videotape. The cell indicated by an arrow corresponds to the 
cell digitized in Fig 2. 


the image was stored as a grey scale histogram (Fig 3) used for 
integration and quantitation of the fluorescence. The regions in the 
image are identified by the computer on the histogram. Thus by 
summing the area under a particular region in the histogram, it is 
possible to determine the approximate fluorescence of that regior 
Data analysis 


(ANOVA) 


All data were analyzed using analysis of variance 


RESULTS 


Video microscopy. When loaded with CTC, the fluores- 
cence exhibited by PMN was not uniform. While present in 
all regions of the cell, the most intense fluorescence was seen 
in the perinuclear area between the lobes of the nucleus 
(Fig 1). One could observe discrete areas of bright fluores- 
cence that moved and appeared to be attached to the nuclear 
membrane. These prominent fluorescent areas were adjacent 
to but not overlying the nucleus and thus represent CTC- 
Stained membrane in the area between the lobes of the 
nucleus. Emanating from this same region were filamentous 
structures that fluoresced brightly with CTC (Fig 4). These 
areas were also brightly stained with the membrane potential 
probe rhodamine 123" (data not shown). When the cell 
formed a pseudopod, one or two of the filamentous structures 
could be seen moving out into the extended pseudopod and 
then retracting toward the center of the cell when the 
pseudopod retracted. These brightly fluorescent structures 
had clearly defined borders and were in the plane of focus of 
the nucleus. Some CTC fluorescence was present in a region 
that corresponds to the granules, as seen by transmitted light, 
and was located outside of the areas of focal fluorescence 
described above. When looking at CTC-loaded CP, which do 
not contain internal structures, a faint, uniform fluorescence 
was seen. Thus in PMN a significant part of the fluorescence 
emanates from membranous internal structures that were 
not present in CP 

Distribution of the fluorescence. When the frequency 
distribution of intensities from digitized PMN were exam- 
ined, four regions could be identified (Fig 3) 


two regions corresponded to the areas of focal fluorescence. 


The brighter 
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Fig 2. 


intensity contour map of a cell from Fig 1. This map was produced from a pseudocolor representation. Note that O is the 


brightest and 63 is black. Region O to 10 is the perinuclear hot area, 11 to 20 the perinuclear membrane as well as dimmer areas of the 
perinuclear hot area, 21 to 34 a rough approximation of the area of the nucleus, and 35 to 51 the peripheral plasma membrane. Only part of 
the cell is seen because of the limitation of the display, but the digitization was done on the entire cell. 


and the dimmer two regions to the area of the nucleus and of 
the plasma membrane. The percent of total fluorescence 
calculated fram several cells by this method is shown in 
Table 1. Approximately 80% of the total cellular fluores- 
cence came from the perinuclear area and nuclear membrane 
and occupied 60% of the image area. When corrected for the 
area of plasma membrane overlying the inner bright regions, 
plasma membrane fluorescence accounted for approximately 
40% of the total cellular fluorescence. This is in agreement 
with the CTC baseline in suspensions of CP, which is 30% to 
40% that of PMN at the same cell concentration. 
Chlorotetracycline uptake. To assess possible differ- 
ences in the compartmental distribution of CTC, the uptake 
of CTC was studied in similarly treated PMN and CP. 
Figure 5 shows the smooth uptake of CTC in CP achieving 
50% of maximum by 60 seconds. In contrast, PMN demon- 
strated a biphasic pattern of uptake, reaching 50% maximum 
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by approximately 10 seconds, followed by a slower rate from 
60 to 1,200 seconds. The difference in pattern was highly 
significant (P < 0.004) when tested by analysis of variance. 
These data are consistent with the distribution of CTC in 
PMN in an additional compartment that is not present in 
CP. 

Since CTC was localized in the same region as the 
mitochondrial probe Rhodamine 123, we investigated the 
effects of three inhibitors of mitochondrial function on the 
uptake of CTC. As demonstrated in Fig 6, KCN, Rotenone, 
and NaN, significantly inhibited the slow phase of CTC 
uptake (P < 0.001, 0.0001, and 0.007, respectively). When 
measured at 20 minutes, CTC fluorescence was inhibited by 
24% with KCN, 21% with Rotenone, and 17% with NaN,. 
Experiments were also carried out in CP that do not contain 
mitochondria.” Table 2 shows the CTC uptake after 20 
minutes in CP treated with | mmol/L KCN or | mmol/L 


Fig 3. Video intensity his- 
togram of the digitized cell in 
Fig 2. O is the brightest level 
and 63 the darkest level. The y 
axis represents the total num- 
ber of points of a particular 
intensity in the image. 
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Fig 4. Image of a CTC-loaded neutrophil showing a bright 
filamentous structure (arrow). 


NaN,. There was no statistical difference in the amount of 
CTC uptake by CP (P 
these inhibitors. These data indicate that CTC uptake fol- 
lows a distinctly different pattern in PMN and CP. Approxi- 
mately 20% of the CTC is taken up into a compartment not 


0.46) in the presence or absence of 


present in CP that is sensitive to the mitochondrial inhibitors 
KCN. NaN,, and Rotenone. While we cannot provide direct 
evidence that the CTC 
and/or in the Golgi, 60% of the total fluorescence is in a 


is in the endoplasmic reticulum 


nonmitochondrial inhibitor-sensitive, nonplasma membrane 
pool that is located in the perinuclear area of the cell 

Early and late responses in PMN and CP. The temporal 
pattern of fluorescence change in CP after stimulation with 
FMLP differs from that seen in intact PMN. Representative 
CTC fluorescence traces demonstrating these two patterns 
are shown in Fig 7. In PMN there was a rapid decrease in 
fluorescence during the first 20 seconds after stimulation, 
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Fig 5. CTC uptake in PMN 20 
(---) and PMN-CP (——). The Į 
curves have been normalized 
and are presented as percent 
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Table 1. Table of Regional Fluorescence 
% of Total 
Region Fluorescence tal Are 
j 28.66 + 21.07 15.99 16.95 
ll 52.64 + 19.04 44.38 18.9 
it 16.20 + 9.92 23.08 + 11.34 
IV 3.50 + 2.19 16.50 1.61 
t+ 80.30 + 10.72 60.3 16.03 
Wh + IV 19.70 + 10.70 39.63 1€ 


Approximations of the relative fluorescence and area o 
within CTC-loaded PMN. These represent averages from 10 cel na 


single day 


followed by a slower and more extensive loss of fluorescence 
The second phase did not occur in PMN at doses less than or 
equal to 10°* mol/L or at any dose in ¢ P. Recovery was seen 


at low doses of stimulus and was not affected by the presence 


of CTC in the medium. Changes in fluorescence were 
measured 20 seconds and seven minutes from the tume ol 
addition of the stimulus to characterize the carly and late 
responses when the cells were stimulated with increasing 
doses of FMLP 
present in CP and did not significantly differ from that seer 
in PMN 
whereas a small but significant dose response was present I 
PMN (P < 0.05) (Fig 8A) 
measured at seven minutes [rom stimulation, there was ne 


The early change in fluorescence was 
There was no dose response in CP (P 19) 
When the late response was 
further decrease in fluorescence in CP with no dose effec 
(P < 0.03) when a dramatic decrease was seen If PMN a 


0001) (Fig 8B). This was not related t 


release of CTC in the external medium during degranula 


seven minutes (P 
tion. as no increase in CTC could be measured in the 
supernatant (data not shown). The secondary response wa 
seen at doses of FMLP above 10°* mol/L, similar to those 
usually associated with a secretory response. These result 


imply that there is a second pool of CTC fluorescence, not 





of maximal fluorescence. Total o 
fluorescence of CP was 30% to o 
40% that of PMN at the same 

cell concentration 





Time 
(seconds) 
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present in CP, that is released later after addition of stimulus 
at doses of FMLP greater than 10~* mol/L. 


DISCUSSION 


Initial work using CTC fluorescence suggested that it 
represents a membrane-bound pool of calcium.**”°?' Change 
in fluorescence upon cell stimulation was interpreted as the 
release of trigger calcium*'?; however, the membranes 
labeled with CTC were not clearly defined. Direct visualiza- 
tion of CTC-labeled PMN presented here and by others!” 
demonstrates that the fluorescence is located in the plasma 
membrane as well as in the perinuclear region of the cell, 
suggesting the existence of several membrane pools of CTC, 
Further evidence is given by the absence of internal focal 
fluorescence in PMN depleted of internal organelles and by 
the observation that in suspension PMN and CP have 
distinct patterns of uptake of CTC. Thus the compartmental- 


Table 2. CTC Uptake in Cytoplasts 








Treatment % of Control STD p 
Control 100 

NaN, 98.5 13 NS 
KCN 104.5 8 NS 





Uptake of CTC in PMN cytoplasts after 20 minutes in the presence of 
1 mmol/L KCN or 1 mmol/L NaN,. The results are expressed as percent 
of control and are derived from the means of triplicates of five 
experiments. 
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TIME 


Fig 7. This tracing is representative of one experiment and 
shows the change in CTC fluorescence in PMN cytoplasts (top 
trace) and in PMN (bottom trace) when stimulated with 10°’ M 
FMLP t p. Arrows indicate the times used for analysis in Fig 8 
0. 


ization of CTC observed microscopically exists in suspension 
and does not seem to be an artifact of adherence to glass 
siides. 

The pattern of internal localization of CTC in PMN is 
consistent with the presence of calcium in mitochondria?” 
and endoplasmic reticulum” as seen in other cell types. 
Mitochondria stained with CTC, as reported by others,” 
but only 20% of the CTC is present in this compartment. 
While mitochondria may play a role in the regulation of 
cytosolic calcium in PMN, the intracellular calcium concen- 
tration in PMN is more consistent with an endoplasmic 
reticulum-regulated calcium set point than with a mitochon- 
dria-regulated set point.” There is indirect evidence that the 
trigger calcium in PMN is located in an internal microsomal 
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Fig 8. (A) demonstrates the CTC response 20 seconds from 
stimulation. There is no significant decrease in CP (—-——: P, 0.19), 
but the change in PMN is significant {-- --; P < 0.05}. At seven 
minutes (B) there is still no dose effect in CP (—--—: P = 0.3): 


however, a significant effect is seen in PMN {-- --: P < 0.0001). 
Error bars represent the upper and lower 95% confidence inter- 
vals. 
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pool that is sensitive to inhibitors of the endoplasmic reticu- 
lum calcium pump.” The location of Golgi and endoplasmic 
reticulum in PMN corresponds spatially to the distribution 
of CTC seen in fluorescence microscopy. In other cell types 
the regions of perinuclear CTC fluorescence have been 
directly identified as Golgi and as endoplasmic reticulum.” 
Lysosomal granules represent another possible pool of intra- 
cellular calcium.” While some fluorescence comes from the 
granule membranes, the areas of maximum fluorescence are 
more centrally located. This is in agreement with another 
study using chicken PMN with large and more visible 
granulations.” These data support the hypothesis that a 
significant part of the CTC fluorescence in human PMN 
comes frem internal pools. 

Using CP as a model for neutrophil plasma membrane, the 
CTC response of intact PMN and of CP were investigated to 
determine if the internal pools of CTC were responsive upon 
stimulation with FMLP. Others have suggested that the 
major source of fluorescence loss is from the plasma mem- 
brane. Because of the technique used for microscopically 
studying the effect of stimulation, the earliest changes seen 
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with soluble stimuli were observed at 60 seconds.” In suspen- 
sion the early response is complete by this time, and the 
second phase of response is almost maximal. When the 
effects of stimulation are analyzed in suspension, there is 
little if any further response in CP at doses of FMLP greater 
than 10°* mol/L, whereas in PMN there is a further phase of 
fluorescence loss. The biphasic CTC response seen in intact 
cells suggests that internal sources of CTC fluorescence, not 
available in CP, are responding to stimulation. The rate and 
dose dependency of the early response is similar in PMN and 
in CP and may be interpreted as change in the plasma 
membrane pool of CTC. The secondary response, which does 
not occur in CP, represents the CTC signal from internal 
Sources. 
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A Component of Factor VIII Preparations Which Can Be Separated From Factor 
VIH Activity Down Modulates Human Monocyte Functions 


By Martha M. Eibl, Rafi Ahmad, Hermann M. Wolf, Yendra Linnau, Elisabeth Gotz, and Josef W. Mannhalter 


In this study we investigated different aspects of monocyte 
functions following interaction of monocytes (Mo) with 
therapeutic concentrations of factor VII (F VIII) concen- 
trate. A short (one-hour) treatment of normal Mo with F 
VIII concentrates led to a significant (P < 0.001) down 
modulation of Fc receptors expressed in the Mo plasma 
membrane. This down modulation was accompanied by a 
decrease of Mo effector functions that was expressed by a 
reduced capacity of F Vill-treated Mo to release O, radicals 
(40% of controls) and to kill bacteria (% killing: contro! Mo, 
65%; F Vill-treated Mo, 24% to 51%). Further studies 
showed that the modulating activity was due to a contami- 
nant present in F Vill concentrates (immune complexes or 


ERGLOGIC surveys of hemophiliacs revealed a high 
prevalence of HTLV IH/LAV antibodies in this patient 
population (70% and more of hemophiliacs in the United 
States and Europe are antitcHTLV Hl-positive).'? It is 
generally understood that these patients develop antibodies 
in response to retrovirus transmitted by the respective blood 
products used for therapy.** However, the course of an 
infection is usually determined by both the infectious dose 
and the host's defense mechanisms. Thus an impairment of 
host defense mechanisms might constitute an additional risk 
factor and render the respective individual more susceptible 
to infections. 

The macrophage/monocyte system is known to play a 
major role in the elimination of microbial agents. Recent 
experiments have shown that an impairment of macrophage 
functions (induced by silica, a substance known to be toxic to 
macrophages) increases the susceptibility of cats to feline 
leukemia virus, a retrovirus.’ Furthermore, retrovirus par- 
ticles have also been detected in monocytes of patients with 
acquired immunodeficiency syndrome (AIDS).'° These data 
motivated us to evaluate monocyte functions following inter- 
action of monocytes (Mo) with factor VIH (F VIII) concen- 
trate. 

In the present study we have investigated whether and to 
what extent treatment of Mo with F VHI concentrates 
affects Mo functions. We report that F VIH concentrates 
had the capacity to down modulate Mo functions, including 
expression of Fe receptors, generation of oxygen radicals, 
and intracellular killing of microorganisms. We were able to 
identify a contaminant in F VIH concentrate preparations as 
being responsible for the observed effects. 


MATERIALS AND METHODS 


Factor VII concentrates. Lyophilized factor VIH (F VHI) 
concentrates (Kryobulin M, lot #09M09083, Immuno AG, Vienna, 
Austria) were dissolved according to the instructions on the enclosed 
package insert (10 mL distilled water per 250 IU F VHI) and 
adjusted to the appropriate concentration in RPMI 1640 medium 
(Flow Laboratories, Irvine, England) supplemented with L-gluta- 
mine (2 mmol/L) and antibiotics (100 IU/mL penicillin, 100 
ug/mL streptomycin). Further definition of the F VIH concentrate 
used is given in Table 1. 

Fractionation of F VIH concentrates. Fractionation of F VHI 
concentraies was first performed according to molecular size using 
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IgG aggregates). Fractionation using molecular sieving 
revealed that the modulatory activity was confined to a 
high-molecular range fraction (Mr > 1,270,000 daltons), 
while the fraction containing monomeric IgG had no effect. 
Further fractionation by affinity chromatography on pro- 
tein A-Sepharose separated the coagulation activity (ef- 
fluent) from the Mo function-modulating activity (eluate). 
We conclude that treatment with F Vill concentrates might 
contribute to an immunocompromised state in some hemo- 
philiacs and facilitate opportunistic infections in these 
patients. 

© 1987 by Grune & Stratton, Inc. 


gel chromatography. A Biogel A-1.5 M (Bio-Rad Laboratories, 
Richmond, CA) column (100 to 200 mesh, column size 2.6 x 9Sem) 
was loaded with 5 mL (89.2 1U) of F Vill and eluted at a flow rate of 
27 mL/hour (elution buffer 0.024 mol/L sodium citrate, 0.12 mol/L 
sodium chloride, pH 7.2). This fractionation yielded five peaks with 
virtually all the F VHI activity confined to peak |. The protein- 
containing fractions from peaks | to 5 were pooled, transferred into 
dialysis tubings (20 DM-X100 FT, Union Carbide, Chicago), and 
concentrated by embedding into polyethylene glycol 20,000 (Serva, 
Heidelberg, FRG) to an F VIH activity of 2 1U/mL in fraction 1. 
The volumes of fractions 2 to 5 were reduced to the same extent. The 
protein content of each fraction is shown in Table 2. 

A part of fraction 1 (Mr > 1,270,000) was further subjected to 
affinity chromatography on protein A-Sepharose (protein A-Sepha- 
rose CL-4B, Pharmacia, Uppsala, Sweden; column size 1.6 x 4.5 
cm, starting buffer 0.024 mol/L sodium citrate, 0.12 mol/L sodium 
chloride, pH 7.2: elution buffer 0.05 mol/L sodium citrate, 0.05 
mol/L citric acid, pH 3.0; flow rate 28 mL/hour). The fractions 
eluting from the protein A-Sepharose column were immediately 
neutralized using | mol/L NaOH. The protein-containing fractions 
from both the protein A-Sepharose effluent and eluate were pooled 
and concentrated as described above. 

Prior to use in cell culture experiments, all F VHI fractions were 
extensively dialyzed against Dulbecco's phosphate-buffered saline 
(PBS) without Ca?’ and Mg”. For monocyte pretreatment studies, 
Ca’* and Mg’* ions were added immediately before the incubation 
step. 

Poly igG. Human serum IgG (Cohn fraction H, a kind gift from 
Immuno AG) was dissolved at a concentration of 10 mg/mL. in 
Dulbecco's PBS containing Ca?’ and Mg’ ions (Flow Laboratories) 
and polymerized by heat aggregation at 63°C for 20 minutes.” To 
remove large aggregates the preparation was then centrifuged at 
600 x g for ten minutes. 
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Table 1. Characterization of the F Vill Concentrate Studied 





Total protein* 


1896.0 
Immunoglobulin * 
IgG 177.3 
IgA 32.4 
IgM 15.2 
Specific activity 
(IU F VIII/mg protein) 0.53 
F VIH R:Agł 51.75 
F VICH 23.8 





Total protein content, immunoglobulin concentrations, and F VII R:Ag 
were determined using standard procedures; F Vill C was assessed by a 
two-stage coagulation assay. `' 

*mg/1000 IU F VII. 

$1U/mi. 


Isolation of mononuclear cells and preparation of monocyte 
monolayers. Mononuclear cells (MNC) were isolated from the 
peripheral blood of healthy human volunteers by buoyant density 
gradient centrifugation.” Anticoagulated blood (40 IU preservative- 
free heparin [Immuno AG, Vienna, Austria] per mL) was layered on 
Lymphoprep (Nyegaard & Co, Oslo, Norway) and centrifuged at 
400 x g for 35 minutes. Then the mononuclear cells from the 
interphase were aspirated, washed three times in 0.15 mol/L NaCl, 
and suspended in RPMI 1640 supplemented with 15% pooled, 
heat-inactivated (30 minutes, 56°C) human AB serum, penicillin 
(100 IU/mL), streptomycin (100 ug/mL). and L-glutamine (2 
mmol/L) (complete medium). 

Monocytes (Mo) were prepared by adherence to plastic surfaces. 
MNC were suspended in complete medium at a concentration of | x 
10’ cells/mL. Two-milliliter portions thereof were pipetted into 
plastic tissue culture plates (Macro Tray 635 TC, Greiner & Söhne, 
Kremsmünster, Austria) and incubated at 37°C in a CO, incubator 
(8% CO, in humidified air) for 3 hours. At the end of the incubation 
period, nonadherent cells were removed, and the Mo monolayers 
were washed three times with 0.15 mol/L NaCl. Then complete 
medium was added, and the Mo monolayers were kept overnight at 
37°C in a humidified CO, atmosphere. Adherent cells prepared in 
this way contained more than 90% Mo, as judged by nonspecific 
esterase staining.” 

Pretreatment of Mo monolayers. Mo pretreatment was per- 
formed by incubating Mo monolayers with F VHI, F VIL fractions, 
or polymeric IgG for one hour at 37°C immediately after adherence. 
The F VIH concentrates were used at concentrations of 21U/mL, 5 
IU/mL, and 10 IU/mL; protein concentrations of the respective F 
VHI fractions are shown in Table 2; polymeric IgG was applied at a 
protein concentration of 10 mg/mL. Mo pretreatment with buffer 
solutions (RPMI 1640 supplemented with L-glutamine and antibiot- 


Table 2. The Modulatory Activity of F Vill Concentrates is Confined to a High Mr Fraction 
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ics and/or PBS containing Ca?* and Mg?” ions) was always included 
as a control. At the end of the 1-hour incubation step, the substances 
used for pretreatment were aspirated, and the Mo monolayers were 
washed with 0.15 mol/L NaCl and kept in complete medium at 
37°C (CO, incubator) for 16 hours. 

Determination of Fe receptors. Receptors for the Fe portion of 
IgG on the Mo membrane were determined by rosette formation 
with antibody-coated ox red blood cells.'* Ox red blood cells were 
first sensitized with IgG by incubating equal volumes of ox red blood 
cells (2% suspension in PBS) and rabbit anti-ox red blood cell 
antibodies (IgG fraction, 0.167 mg/mL PBS, Nordic Immunology, 
Tilburg, The Netherlands) at 37°C for one hour.'® Mo monolayers 
were washed twice with PBS containing 0.2% bovine serum albumin. 
Then the cells were gently scraped off with a rubber policeman and 
adjusted to 2 to 3 x 10% cells per mL. One hundred microliters of this 
cell suspension was mixed with 100 uL of a 0.5% suspension of 
IgG-sensitized red cells and centrifuged at 120 x g for ten minutes 
at 4°C. After | hour of incubation in an ice bath, the pellet was 
gently resuspended and the cells were examined by phase contrast 
microscopy. A minimum of 200 cells was counted, and a cell having 
three or more red cells attached was scored as a rosette. Results are 
expressed as percent rosette-forming cells (% RFC) or as attachment 
index (ie, the average number of red cells attached per Mo). The 
attachment index (Al) has been estimated by including all mono- 
cytes with none, one, or more than one erythrocyte attached and is 
calculated according to the following formula: Al = total number of 
red cells attached to 200 Mo divided by 200. 

For competitive inhibition of roseite formation, 50 uL of Mo 
(6 x 10° Mo/mL) and 50 aL of IgG-sensitized red cells (1% 
suspension) were mixed with 100 uL of F VINH (2 IU/mL) or 
polymeric igG (10 mg/mL) and treated as described above. 

Determination of CR3. Expression of the complement receptor 
CR3 on monocytes was assessed by indirect immunofluorescence. 
Indirect immunofluorescence was carried out by first incubating (30 
minutes, 4°C) 5 x 10° monocytes in 70 uL wash medium (Dulbec- 
co’s PBS containing 0.1% NaN, and 2% fetal calf serum) with 
saturating amounts of the monoclonal antibody (MoAb) Mol (94 ed, 
kindly provided by Dr R.F. Todd), which is directed against the iC3b 
receptor (CR3) on monocytes, granulocytes, and null cells." After 
the first 30-minute incubation period, the cells were washed and 
again incubated for 30 minutes at 4°C in wash medium containing 
an excess of fluorescein isothiocyanate-conjugated goat antimouse 
immunoglobulin (GAM-FITC, Coulter Immunology, Hialeah, FL). 
After a further wash step, flow cytometric analysis of monocyte 
cell-surface fluorescence was performed by using a FACS 440 cell 
sorter equipped with an argon ion laser operated at 488 nm and 270 
mW and interfaced to a Consort 30 computer (Becton Dickinson, 
Mountain View, CA). Contaminating lymphocytes were excluded 
by preselecting a gate on the forward-angle light scatter v the 





Mo Pretreated F Vill 





Protein Content % Rosette* Attachment 
with Activity {mg/dL} Forming Cells index* 
= = 7723.6 3.16 + 0.25 
Dialysis buffer — 74 + 3.6 2.73 + 0.20 
F VII, 2 IU/mL + 38 + 3.3 1.70 + O.17 
F Vill fractions, + 
MR > 1,270,000 + 9.7 42 24.1 1.91 + 0.15 
1,270,000- 177,000 _ 118.0 76 + 3.0 2.86 + 0.26 
177,000- 100,000 — 52.9 7424.1 2.74 + 0.35 
100,000-28,000 — 85.5 7323.8 2.70 + 0.34 
28,000-7,000 a 0.98 76+ 2.5 2.76 + 0.15 





*x + SD of three experiments. 


tF Vill concentrate was fractionated by gel chromatography using Biogel A-1.5 M. 
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right-angie light scatter histogram: dead cells were excluded by their 
bright red fluorescence after ethidium bromide staining. A mini- 
mum of 10,000 cells was counted and the percentage of fluorescent- 
positive monocytes stained with the experimental antibody (Mol) 
minus the percentage of cells stained with a control reagent (mouse 
ascites containing antibodies directed against nonhuman tissue) was 
calculated. 

Assays of monocyte effector functions {chemiluminescence and 
killing). Monocyte monolayers were washed twice with 0.15 mol/ 
L NaCl. Then the adherent cells were gently scraped off with a 
rubber policeman and adjusted to | x 10° Mo/mL in Hanks’ 
balanced salt solution (HBSS; for chemiluminescence) or HBSS 
supplemented with 1% gelatine (for killing assays). 

Chemluminescence of monocytes was determined according to 
the method of Trush et al.'? In brief, | x 10° monocytes were 
pipetted into a plastic cuvette (Luma Cuvette, 3M, St Paul) and 
mixed with luminol (Lumanol-1000, Lumac, Medical Products 
Division /3M, St Paul) to give a final concentration of 63 umol /L per 
cuvette. Then opsonized zymosan particles (Zymosan A, Sigma 
Chemical, St. Louis; opsonized by incubation in the presence of fresh 
serum [30 minutes, 37°C, shaking water bath], 0.237 mg/cuvette) 
or an outdated intramuscular IgG preparation containing IgG 
aggregates (1 mg/cuvette) was added. The total volume per cuvette 
was 0.4 mL; all substances were diluted or suspended in chemilumi- 
nescence buffer (MEM-Dulbecco for chemiluminescence, Boehrin- 
ger-Marnheim G.m.b.H., Mannheim, FRG). The resulting chemi- 
lumineseence was measured in a bioluminescence counter (Biolumat 
LB 9504, Berthold, Wildbad, FRG). The results of chemilumines- 
cence intensity were plotted as counts per minute y time. 

The capacity of monocytes to kill bacteria was assessed by a 
modification of a procedure originally described by Quie and co- 
workers.” Monocytes (1 x 10° in 100 aL) were pipetted into flat- 
bottomed microtiter plates (Microtest I], Falcon, Oxnard, CA) and 
mixed with Escherichia coli 089:H10 (monocytes to bacteria 
ratio = 2:1). Fresh AB serum (antibodies and complement }—essen- 
tial for adequate opsonization——was added to give a total volume of 
200 ub per microtiter well and a final serum concentration of 1:25. 
This suspension was incubated with continuous agitation for 90 
minutes.at 37°C. Incubation of bacteria in the presence of monocytes 
plus fresh AB serum absorbed with Æ coli to remove anti-E coli 
antibodies was used as a control. At the end of the incubation period 
the monocytes were lysed with distilled water, and the number of 
viable bacteria was determined by a plate-pouring technique. The 
number of bacterial colonies per plate was determined by using a 
colony counter (Biotran, New Brunswick Scientific Inc, Edison, 
NY). 

Resuits are presented as the number of bacteria per plate + SEM 
and as percentage of bacteria killed. This percentage was calculated 
accordiag to the following procedure: the mean number of bacteria 
surviving in experimental wells was subtracted from the mean 
number of bacteria surviving in control wells. The difference was 
then divided by the mean number of bacteria surviving in control 
wells and multiplied by 100.7! Control wells contained bacteria plus 
monocytes plus fresh serum depleted of anti-E coli antibodies: 
experimental wells contained bacteria plus monocytes plus fresh 
serum. 

Statistics. Statistical evaluation of all results was performed 
using Siudent’s z test or Student's 7 test for paired samples. 


RESULTS 


F VIM concentrate preparations have the capacity to 
down modulate Fc receptor expression on Mo from healthy 
subjects. The data from Fig 1 show that F VHI concen- 
trates had the capacity to decrease the number of Fe 
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Fig1. F Vill concentrates have the capacity to down modulate 
Fc receptor expression on normal monocytes. Normal Mo were 
incubated in the presence of buffer, F Vill (2 IU/mL}, or polymeric 
IgG (aggr. 10 mg/mL) for one hour 16 hours prior to determination 
of Fc receptors. Each bar represents the percentage of Mo forming 
rosettes with antibody-coated red cells (% RFC} or the average 
number of red cells attached per Mo (attachment index}. 


receptors expressed on the surface membrane of the mono- 
cytes of healthy subjects (down modulation of the Fe recep- 
tor). Pretreatment of monocytes with F VIH concentrate 
preparations in concentrations within the therapeutic range 
led to a significant (P < 0.001) reduction in Fe receptor 
expression as assessed by both the decreased percentage of 
Mo forming rosettes with IgG-coated ox red blood cells (% 
RFC) and the reduction in the average number of IgG- 
coated ox red blood cells attached per monocyte (attachment 
index). The F Vill-mediated down modulation of Fe recep- 
tor expression was comparable to that obtained after pre- 
treating Mo with polymeric (heat-aggregated) IgG, a sub- 
stance known to down modulate Fe receptors” (controls 
[pretreatment with buffer]: % RFC 81 + l, attachment 
index 3.92 + 0.16; pretreatment of Mo with F VIH [2 
IU/mL]: % RFC 40 + 1, attachment index 1.85 = 0.09: 
pretreatment of Mo with polymeric IgG: % RFC 34 + 3, 
attachment index 1.46 + 0.16; results represent x + SD of 
ten experiments). Fe receptor down modulation was further 
supported by the frequency distribution curve shown in Fig 2. 
The number of IgG-coated red cells attached per F VHI- 
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Fig 2. F Vill pretreatment of human monocytes leads to a 
reduction in the number of IgG-coated erythrocytes bound per 
monocyte. Human monocytes were pretreated for one hour with F 
VIH (2 IU/mL, dotted bars) or buffer (blank bars). After 16 hours 
FcR expression was assessed using IgG-coated ox red blood cells. 
The number of IgG-sensitized erythrocytes bound per monocyte 
was determined by phase contrast microscopy (x + SD of four 
experiments). 


treated monocyte was substantially decreased as compared 
to the controls. 

The decrease in Fc-receptor-positive Mo was achieved by 
both competitive inhibition of rosette formation (by adding F 
VHI to Mo together with IgG-coated red cells) and down 
modulation of the Fe receptor (by incubating Mo monolayers 
with F VHI for one hour 16 hours prior to rosette formation: 
Table 3). Our finding that sequential treatment of Mo with 
polymeric IgG and F VHI and vice versa did not further 
decrease the percentage of RFC or the attachment index 
(Table 4) strongly suggested that F VHH concentrates and 
polymeric IgG down modulated the same type of Fe recep- 
tor. 

The reduction in the number of Fe-receptor-positive Mo 
could not be attributed to trivial cytotoxicity, since neither 
pretreatment with F VIH nor with polymeric IgG decreased 
the Mo's viability by more than 10%. Furthermore, the 
decreased expression of Fe receptors does not appear to be 
due to a blockade of the receptor by F VHI or by polymeric 
IgG. Studies using radioactively labeled immunoglobulins 
clearly demonstrated that after a 16-hour incubation period 
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Table 4. F VIII and Polymeric IgG Down Modulate the Same Type 
of Fc Receptor 





Mo Pretreated with 








First Second % Rosette* Attachment 
Pretreatment} Pretreatmentt Forming Cells Index t 
Buffer Buffer 85 + 0.5 4.17 
F Vii Buffer 4841.1 2.57 
F vill F Vill 5341.1 2.79 
Poly-igG Buffer 44 +48 2.03 
Poly-igG Poly-IgG 47 + 6.3 n.d.§ 
Poly-igG F VIN 49+ 3.1 2.05 


F ViN Poly-igG 47 + 4.5 2.21 


*x + SD of six experiments. 





tAverage of two experiments. 

Sequential one-hour pretreatments with the respective substances 
16 hours prior to rosette formation. 

§Not determined. 


in the absence of IgG polymers, only minute amounts of 
polymeric IgG were found to be still monocyte-associated.” 
This 16-hour incubation period was always part of the Fe 
receptor-modulation protocol. Finally, a possible effect of 
buffer components present in lyophilized F VHI preparations 
was ruled out. Pretreatment of Mo with F VHI buffer (ie, 
buffer containing the same salt and amino acid concentra- 
tions as present in F VIH preparations after reconstitution of 
the lyophilized product with distilled water: 0.034 mol/L 
sodium citrate, 0.137 mol/L sodium chloride, 0.266 mol/L 
glycine) at a dilution corresponding to 2 IU of F VIH/mL 
did not alter the percentage of Fe-receptor-positive cells 
(control 84 + 5.7, F YIH buffer 77 + 6.6, PF VHP [2 IU/mL] 
5] + 3.4; X + SD of four experiments). 

The F VIEL concentrates and the respective buffer solu- 
tions used in this study were provided by Immuno AG, 
Vienna, Austria. Similar resuits with respect to down modu- 
lation of Fe receptors could also be obtained by using F VIII 
concentrates of varying purity (1.3 IU to 12 IU per mg 
protein) from several other manufacturers. Furthermore, no 
difference between heat-treated and non-heat-treated F VIII 
preparations could be observed (M.M. Eibl et al, manuscript 
submitted). 

The Fe receptor-modulating component in F VHI concen- 
trates can be separated from F VIH activity. The above 
mentioned data (F VIIl-induced competitive inhibition of 
rosette formation and down modulation of Fe receptors 


Table 3. F Vili Concentrate Leads to a Decrease in Fc-Receptor-Positive Mo by Both Competitive Inhibition of Rosette Formation and 
Down Modulation of the Receptor 





Competitive inhibition of 


Down Modulation of 








Rosette Formation* the Receptort 
% RFC Attachment Index % RFC Attachment Index 
Control 81+ 1§ 3.65 + 0.33 81+ 1 3.92 + 0.16 
F VIH (2 IU/mL) 39 + 2.8 1.32 + 0.20 40:1 1.85 + 0.09 
Poly-IgG (1%) 30 + 6.6 1.12 + 0.20 34+3 1.46 + 0.16 





+Mo were incubated in the presence of F VHI for one hour 16 hours prior to rosette formation. 


t% rosette forming cells. 
§Results are expressed as x + SD of ten individual experiments. 
{ Poly-igG served as a positive control in these experiments. 
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F Vill Protein % Rosettet Attachment 
Mo Pretreated With Activity Content” Forming Celts Indext 

Buffer (negative control} — oa 79+78 4.35 + 1.03 
F VIH (positive control) 2 IU/mL 1.27 44+7.5 2.20 + 0.44 
High Mr fraction of F Vill 2.2 IU/mL 0.32 44 +97 2.28 + 0.40 
High Mr fraction not adsorbed to immobilized 

protein A (effluent)§ 1.8 IU/mL 0.32 74+ 3.3 3.84 + 0.54 
High Mr fraction adsorbed to immobilized pro- 

tein A (eluate) ¢§ -— 0.08 





All substances were dialyzed against Dulbecco's PBS prior to use. 
*mg/mL. 

+x + SD of four experiments. 

{Tested after elution with low pH. 


§After passage through protein A-Sepharose, the volume of the effluent was reduced to give an F VIII activity of ~2 IU/mL. The volume of the eluate 


was reduced to the same extent. 


comparable to the effects of polymeric IgG) already indi- 
cated the presence of a contaminating substance (immune 
complexes or IgG aggregates) in F VIH concentrate prepara- 
tions. However, the possibility that the observed effects were 
due to steric hindrance of Fe receptors by F VIH binding to 
the monocytes could not be ruled out. Therefore F VIII 
concentrate preparations were subjected to fractionation. 
Molecular sieving using a Biogel A-1.5 M column yielded 
five protein peaks, and as the results from Table 2 show, the 
Fe receptor modulatory activity was confined exclusively to 
the high Mr fraction (Mr > 1,270,000 daltons). This frac- 
tion also included virtually all of the preparation’s F VIH 
activity. None of the other fractions containing fibrinogen, 
monomeric IgG, or albumin had any effect on Fe receptor 
expression. The high Mr fraction of F VIH concentrate was 
then further fractionated by affinity chromatography on 
protein A-Sepharose, a substance known to interact with the 
Fe portions of human IgG,. IgG,. and IgG,.% The data 
presented in Table 5 clearly demonstrate that only the 
fraction that could be adsorbed to immobilized protein A had 
the capacity to down modulate Mo Fc receptors (see Table 5, 
line 5). This fraction was also found to be completely devoid 
of F Vill activity. The fraction not adsorbed to immobilized 
protein A contained all the F VIII activity and had no Fe 
receptor-modulatory properties. Rough assessment using the 
F VIH preparation’s total protein and IgG content as well as 
the protein concentration of the fraction bound to and eluted 
from immobilized protein A (protein A-Sepharose) indicates 
that about 1.9% of the total IgG in the F VIH concentrate 
used in this study was present in an aggregated and/or 
complexed form. Further results to be published elsewhere, 
however, demonstrate that the down-modulating activity of a 
given F VII preparation is independent of the total IgG it 
contains (M.M. Eibl et al, manuscript submitted). Control 
experiments using Sepharose not complexed with protein A 
also demonstrated that the Fe receptor modulatory activity 
was not removed by passage through Sepharose alone (data 
not shown). 

Effect of F VHI concentrates and F VIH concentrate 
Jractions on monocyte effector functions. Since interac- 
tions with and ligation of Fe receptors are known to provide 
crucial triggering signals for intracellular microbicidal 
events,” it was of interest to determine whether the F 





time (min) 


Fig 3. The capacity of human monocytes to secrete O, radi- 
cals is reduced by treatment with F VIN concentrate. Chemilumi- 
nescence induced by ingestion of zymosan (A) or IgG aggregates 
(B) was assessed 16 hours after pretreatment with PBS {^} or F 
Vill concentrate (O, 5 IU/mL}. Chemifuminescence intensity mea- 
sured in a bioluminescence counter is plotted as counts per minute 
(cpm) v time {minutes}. 
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Fig4. Interaction of F Vill concentrate with human monocytes 
leads to a decrease in the expression of CR3. iC3b receptor(CR3)- 
positive monocytes were assessed by indirect immunofluores- 
cence and evaluated with a FACS 440 cell sorter. Sixteen hours 
after a one-hour pretreatment with buffer (A) or F VIH (2 IU/mL, B} 
monocytes were stained with the MoAb Mot (right panel) or with 
control ascites (left panel). 


Vill-concentrate-mediated down modulation of Fe receptors 
would also modify monocyte effector functions. The data 
depicted in Fig 3 show that a one-hour pretreatment of Mo 
with 5 IU of F VIH concentrate 16 hours prior to the 
chemiluminescence assay led to a substantial reduction in the 
capacity of treated Mo to secrete O, radicals as compared to 
controls. The luminol-enhanced chemiluminescence was 
found to be reduced following stimulation of Mo by both 
opsonized zymosan and IgG aggregates. 

The reduction of IgG aggregate-induced chemilumines- 
cence can easily be explained by a decrease of Fe receptors in 
the Mo membrane. Chemiluminescence in response to zymo- 
san is also decreased, but this substance stimulates the 
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release of O, radicals by a pathway independent of Fc 
receptors, ic, following interaction with receptors for the 
complement cleavage product iC3b (CR3). However, as 
can be seen in Fig 4, the expression of this receptor is also 
substantially diminished following preincubation of human 
monocytes with F VIH concentrate preparations. In that 
respect the Fe receptor-modulating component of F VIII 
concentrates behaves similarly to IgG polymers.” 

In addition, pretreatment of Mo with F VIH concentrates 
also significantly down modulated these cells’ capacity to kill 
microbes. E coli 089:H10, an E coli strain that requires 
opsonization by both antibodies and complement for proper 
elimination,” was used as a model system because this 
microorganism is easy to handle and is a potentially opportu- 
nistic pathogen. The data from Table 6 demonstrate that 
pretreatment of Mo with varying concentrations of F VIH 
concentrate preparations led to a dose-dependent reduction 
of the monocytes’ bactericidal capacity (percent killing: 
controls [Mo pretreated with buffer] 64%, Mo pretreated 
with 2 IU/mL F VIH 50%, Mo pretreated with § IU/mL F 
VIH 34%, Mo pretreated with 10 IU/mL F VIH 22%). 
Similar results could be obtained if Mo were pretreated with 
fraction | (high Mr fraction [Mr > 1,270,000] eluting off 
the Biogel column after molecular sieving of F VIH concen- 
trates). After pretreatment with fraction 1, the killing capac- 
ity of Mo was reduced to 36%, as compared to 64% obtained 
with control Mo (see Table 6, line 6). 


DISCUSSION 


Pretreatment of human monocytes with commercial F 
VIH concentrate preparations resulted in a down modulation 
of monocyte functions, as expressed by a reduction of Fe 
receptors and CR3 in the monocyte membrane, decreased 
release of oxygen metabolites following stimulation with 
opsonized zymosan and aggregated IgG, as well as impaired 
killing of bacteria. 


Table 6. F Vill Pretreatment Reduces the Bactericidal Capacity of Human Monocytes 





E coli incubated in 


No. of Bacteria 





the Presence of Mo Pretreated with* Survivingt % Killingt 

Complement, monocytes; no anti-E coli antibodies Buffer 731 + 43 ~ 
(control wells) 

Antibodies, complement, monocytes (experimental Buffer 265 + 10 64 
wells) 

Antibodies, complement, monocytes (experimental F Vill, 2 U/mL 362 + 43§ 50 
wells) 

Antibodies, complement, morocytes (experimental F VIN, 5 IU/mL 485 + 40] 34 
wells) 

Antibodies, complement, monocytes (experimental F VIIL 10 IU/mL 571 + 65l 22 
wells) 

Antibodies, complement, monocytes (experimental Fraction 1 469 + 21 I 36 


wells) 


(2.2 U F VIH/mL)} 





*Mo were pretreated with buffer or F Vill for one hour 16 hours prior to determination of the monocytes’ bactericidal capacity. 
tNumber of bacteria surviving after a 90-minute incubation period, x + SEM of eight experiments. 


t% killing was calculated according to the following formula: 


% killing = 


x number E coli in control wells — x number E coli in experimental wells 





100 





X number £ coli in control wells 


Significant (§P < 0.05 and le < 0.001} increase as compared to the number of bacteria surviving in the presence of monocytes (pretreated with 


buffer}, antibodies. and complement. 


IMMUNE MODULATION BY F Vill CONCENTRATES 


The first observation was that F VHH preparations inhib- 
ited rosette formation when added to Mo together with 
IgG-coated red cells. Since IgG-coated red cells are known to 
interact with the receptor for the Fc portion of IgG,” these 
findings indicated a competition of two similar ligands for 
the same binding site. Furthermore, polymeric (heat-aggre- 
gated) IgG and F VIH concentrates behaved very similarly 
in competitively inhibiting rosette formation as well as in 
down modulation of the Fe receptor. This down modulation 
was achieved by a short (one-hour) treatment of monocyte 
monolayers with therapeutic concentrations of F VIH 16 
hours prior to the respective assays and was comparable 
whether heat-treated or non-heat-treated F VIH prepara- 
tions were applied. Sequential treatment of Mo with poly- 
meric IgG and F VIH concentrates did not increase the 
effect. Fractionation of F VIH concentrate preparations then 
clearly showed that the modulating activity was confined toa 
high Mr fraction (Mr > 1,270,000), which showed no F VIH 
activity and could be purified by affinity chromatography on 
immobilized protein A. 

The molecular nature of this (these) contaminant(s) can 
be assumed to be (an) immunoglobulin aggregate(s) and/or 
(an) [gG-containing immune complex(es). In this context it 
is important to note that, as has already been shown in other 
studies, ™! monomeric IgG (which can also be detected in 
commercial F VIH concentrates”) is completely inactive in 
modulating monocyte functions (see Table 2, line 7). 

The presence of immune complexes or IgG polymers in F 
VHI concentrate preparations might have important clinical 
implications. In a previous study we were able to demon- 
Strate that interaction of monocytes and polymeric (heat- 
aggregated) IgG led to a down modulation of the monocytes’ 
capacity to release O, metabolites (in response to triggering 
by both aggregated IgG and zymosan) and to kill microbes.” 
In the present paper we report a comparable effect induced 
by a high Mr component present in commercial F VIH 
concentrates. Immune complexes or IgG aggregates have 
also been shown to interfere with immune defense mecha- 
nisms in vivo. Recently Virgin and Unanue” provided direct 
evidence for a correlation between the presence of circulating 
immune complexes and decreased resistance to infection. 
Using Listeria monocytogenes infection of mice as a model 
system, these authors demonstrated that in animals previ- 
ously immunized with an unrelated antigen, secondary anti- 
genic challenge led to a dramatically decreased resistance to 
the intracellular pathogen. The finding that the decrease in 
resistance could only be observed if antigenic challenge and 
infection were given together or not further apart than one 
day points toward an influence of immune complexes on the 
early phase of infection. The presence of high levels of 
circulating immune complexes has also been shown to be one 
of the major factors for the predisposition to viral and 


1169 


bacterial infections in patients with rheumatoid arthritis. 
These in vivo data as well as the results from our in vitro 
studies thus make it conceivable that-—-together with the 
already increased level of circulating immune complexes 
frequently observed in hemophiliacs -the continuous 
inoculation of immune complexes or IgG aggregates caused 
by F Vill concentrate treatment contributes to the hemo- 
philiacs’ increased susceptibility to opportunistic infections. 

Recent clinical evidence indeed supports the possibility of 
an underlying immune deficiency in hemophiliacs.” Chil- 
dren with bleeding disorders who had accidentally been 
exposed to tuberculosis in a hospital ward showed an unusual 
susceptibility to that disease. These children, who had been 
regularly treated with F VIII concentrates, were almost 
equally as susceptible to tuberculosis as children receiving 
immunosuppressive chemotherapy (38% of the hemophiliacs 
developed tuberculosis as compared to 48% of the children on 
immunosuppressive chemotherapy). Furthermore, a defect 
with respect to antigen presentation by monocytes has been 
described in both antic HTLV -positive and antic HTLV 
Il-negative hemophiliacs,’ an effect that could also be 
achieved by pretreatment of monocytes from healthy sub- 
jects with therapeutic concentrations of F VIH concentrates 
(manuscript in preparation). 

The in vitro data reported in the present publication 
strongly suggest that treatment with F VIJE concentrates 
might contribute to an impairment of host-defense mecha- 
nisms in hemophiliacs. The bleeding disorder that comprises 
the major clinical problem in hemophiliacs is mainly treated 
by application of F VIH concentrates. Despite the availabil- 
ity of heat-treated F VIII concentrate preparations, which 
more or less rule out a de novo infection with HTLV HE" 
the possibility of inducing an immunosuppressed state by this 
treatment should still be kept in mind. Live HTLV HI has 
been found in the circulation of hemophiliacs," and since the 
virus is difficult to detect, it might be present in many more 
of the patients but inhibited from multiplying by a still 
functioning immune system. This delicate balance could be 
impaired by F VIH preparations contaminated with immune 
complexes and/or IgG aggregates. Therefore hemophiliacs 
now treated with heat-inactivated F VHI concentrate prepa- 
rations should also be closely surveyed for immunologic 
functions and the possible outbreak of opportunistic infec- 
tions. In addition, it appears desirable that F VEIT concen- 
trates free of immunosuppressive high mol wt contaminants 
should become available. 
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The Regulatory Role of Interleukin 2~Responsive T Lymphocytes on 
Human Marrow Granulopoiesis 


Bw Zeev Estrov, Chaim Roifman, Gordon Mills, Tom Grunberger, Erwin W. Gelfand, and Melvin H. Freedman 


The effect of recombinant interleukin 2 (IL2) on marrow 
CFU-C colony formation was evaluated to define the role 
for T lymphocytes in human marrow granulopoiesis. The 
colony-stimulating factor (CSA) used in our experiments 
was found to contain IL2. IL2 depletion from CSA resulted 
in a reduction in CFU-C colony proliferation. Addition of 
exogenous IL2 caused an increase in CFU-C colony num- 
bers in a dose-dependent manner. This increase could be 
preventad by anti-Tac, a monoclonal antibody (MoAb) to 
the IL2 receptor. Moreover, anti-Tac in the absence of 
exogeneus IL2 resulted in an overall decrease in colony 


LONAL PROLIFERATION in vitro of committed 

granulocyte and monocyte-macrophage progenitor 
cells (CFU-C) is stimulated by glycoprotein molecules 
known collectively as colony stimulating activity (CSA).' 
Human monocytes and macrophages have been found to 
produce and release CSA?“ and when cultured with T cells in 
the presence of stimulatory antigen were found to produce 
much more CSA than either T lymphocytes or monocytes 
cultured alone.*” 

Although T cell lines*!° as well as mitogen- or anti- 
gen-'? stimulated T lymphocytes are able to synthesize CSA, 
T cell subpopulations have been reported to induce different 
effects on bone marrow (BM) CFU-C proliferation. Some 
investigators report stimulation of CFU-C growth, others 
have demonstrated inhibition, whereas still others have failed 
to identify any effect? 

Interleukin 2 (IL2}, a secreted product of activated T 
cells” that is required for the proliferation of T cells, can 
enhance T lymphocyte production of a variety of colony- 
stimulating factors.” In the present study we used recombi- 
nant IL2 and a monoclonal antibody (MoAb) that blocks T 
cell-IL2 receptor sites” to demonstrate that IL2 responsive- 
T lymphocytes can interact with cells of the monocyte 
lineage to regulate in vitro granulopoiesis. 
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MATERIALS AND METHODS 


Preparation of celis. Heparinized (10 U/mL} bone marrow 
(BM) was obtained after informed consent from hematologically 
normal adult volunteers who had been advised of the necessary 
procedures and attendant risks. These studies were approved by the 
Human Experimentation Committee at our institution. The BM 
cells were layered over Ficoll-Paque {Pharmacia Fine Chemicals, 
Piscataway, NJ) and centrifuged (200 x g, 4°C) for 20 minutes to 
remove neutrophils and red cells. 

Adherent cell removal. The mononuclear cells were depleted of 
adherent cells by incubation on plastic Petri dishes with 10% fetal 
calf serum (FCS) in oœ culture medium for 90 minutes at 37°C. In 
this technique,” free-floating cells that did not adhere to the plastic 
dishes were removed by gentle pipetting and repeated vigorous 
washing of the plates with medium. This procedure was repeated 
until all free-floating nonadherent cells were removed. 

The remaining adherent cells were then removed from the dishes 
by genile scraping with a rubber policeman, washed twice, counted, 
and kept at 4°C. In the reconstitution experiments, 20% to 100% of 
the removed adherent cells were added back to | x 10° adherent 
cell-depleted BM cells. 
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numbers. Depletion of either adherent cells or T lympho- 
cytes abolished the effect of IL2 and anti-Tac on colony 
growth. In the presence of IL2, re-addition of T lympho- 
cytes to the T-depleted marrow or adherent cells to 
adherent cell-depleted marrow resulted in a significant 
increase in CFU-C colony numbers, whereas no significant 
effect was found when IL2-depleted CSA was used. 
Although T lymphocytes were not themselves essential for 
CFU-C colony growth, our studies indicate that IL2 and 
iL2-responsive T cells can regulate in vitro granulopoiesis. 
® 1987 by Grune & Stratton, Inc. 


Both cell fractions, adherent and nonadherent, were characterized 
on cytocentrifuge smears by counting more than 500 cells after 
Wright's stain, nonspecific {alpha naphthyl butyrate) esterase 
stain, and immunocytochemistry® with anti-MY 4 MoAb (Coulter 
Immunology, Hialeah, FL) to identify monocyte-promenoacyte cells. 
Using these techniques the nonadherent cell fraction that had been 
removed from the plastic incubation plates as described contained 
<3% monocytes. The adherent cell fraction consisted of >95% 
monocytes. 

Double T cell depletion. Post-Ficoll BM mononuclear cells were 
incubated with neuraminidase-sensitized sheep erythrocytes 
(SRBC) at 4°C for two hours. followed by gradient centrifugation.” 
This procedure was repeated twice. Cells at the interface contained 
less than 0.5% T cells as assessed by AET-sensitized SRBC rosette 
formation” and using anti-Leu-4 and anti-Leu-5 monoclonal anti-T 
cell antibodies (Becton Dickinson, Mountain View, CA). T iympbo- 
cytes were obtained by recovery of rosetted cells from the pellet 
following lysis with Tris-buffered ammonium chloride. In the recon- 
stitution experiments these T lymphocytes were washed, counted, 
and 25% to 100% of the removed T cells were added back to | x 10° 
T cell-depleted BM cells. 

Lymphocyte removal using CAMPATH-1. BM cells obtained 
following Ficoll-Paque gradient centrifugation were then washed 
once in phosphate-buffered saline (PBS) and treated with a mono- 
clonal rat antihuman lymphocyte antibody (CAMPATH-1) and 
complement, as previously described." No residual T lymphocytes 
following this treatment were found by E rosette formation or by 
indirect immunofluorescence with anti-Leu-1, Leu-4, Leu-5 (Becton 
Dickinson, Mountain View, CA), or anti-T3 (Coulter Immunolo- 
gy). 
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Interleukin 2 (112). Recombinant IL2, derived from cDNA for 
the human IL2 gene expressed in Escherichia coli,” was provided by 
Biogen Research Corp, Cambridge, MA. The IL2 was reconstituted 
and, to confirm its activity, was tested in a sensitive, highly reproduc- 
ible microassay based on tritiated thymidine uptake into the murine 
T lymphocyte line, 2.8.2, maintained in 1L2-dependent long-term 
cultures.” This line does not respond to growth factors other than 
IL2. The material was also compared to IL2 obtained from the 
Gibbon cell line MLA 144, which showed similar effects. The 
stimulatory activity of the recombinant IL2 was blocked by anti-IL2 
antibodies.” confirming the specificity of its effect. The concentra- 
tion of biologically active IL2 was tested, defined and expressed in 
units using the murine IL2-dependent T cell microassay, as 
before.” 

Anti-Tac antibody. Monoclonal anti-Tac antibody” with speci- 
ficity for IL2 receptors was provided by W. Greene (National 
Institute of Health, Bethesda, MD). Its effect on an 1L2-dependent 
T cell line was reversible after removal of the antibody, and could be 
overcome by high concentrations of IL2. Hybridoma supernatant 
tested as a control for anti-Tac was inactive in this system as well as 
in the CFU-C culture assay. Anti-Tac was added at the initiation of 
culture in dilutions of ascites fluid ranging from 1:333 to 1:1333. For 
control, anti-Leu-} (Becton Dickinson, Sunnyvale, CA), a mono- 
clonal pan-T antibody of identical subclass as anti-Tac (IgG) was 
added to cultures in final concentrations of 0.025 to 1.0 ug/mL. 

Preparation of CSA. Nucieated peripheral blood (PB) cells 
from a normal donor were immobilized in 10 mL of 0.5% agar (10° 
cells/mL) in 100-mm culture dishes. The cells were plated with and 
without 20 U/mL of IL2 and overlaid with 15 mL of 20% FCS in 
a-medium. The dishes were incubated for seven days at 37°C with 
5% CO, in air in a humidified atmosphere. The cell-free supernatant 
was harvested, washed free of agar, tested on normal BM to 
determine its maximal activity, and stored in aliquots at — 20°C.* 

The biological activity of IL2 in CSA was tested in the murine 1L2 
dependent T cell microassay.”° Standard CSA prepared from un- 
stimulated PB cells (CSA-std) was found to contain 8 U/mL of IL2. 
CSA-std was depleted of IL2 activity using an anti-[L2 MoAb 
(provided by Dr K. A. Smith, Hanover, NH) bound to Affi-Gel 
(Bio-Rad Laboratories, Richmond, CA).”' This IL2-depleted CSA 
(CSA-dep), when tested for IL2 activity, now contained 2 U/mL. In 
some of the experiments, CSA-dep was supplemented by adding 6 
units to 33 units of IL2 (CSA-supp). 

Highly purified human recombinant CSA (GM-CSF) that had no 
IL2 activity was provided by Steven C. Clark, Genetics Institute, 
Cambridge, MA. The preparation contained 220 ng/mL protein 
with a specific activity of 2 x 10° U/mg. A unit was defined as 
follows: a final concentration of 1 U/mL gave one half maximal 
colony formation. 

CFU-C assay. The CFU-C assay was performed as described.” 
Briefly, nucleated BM cells (10°) were cultured in 0.8% methylcellu- 
lose, 20% FCS, a-medium, and 20% CSA. The CSA concentration 
of 20% was used because it yielded maximum CFU-C growth- 
promoting activity. In one control study, recombinant GM-CSF 2 
U/mL was substituted for 20% CSA. The culture mixture was 
placed in 35-mm Petri dishes in duplicate and maintained at 37°C, 
with 5% CO, in air, in a humidified atmosphere. Colonies were 
counted after 14 days using an inverted microscope. A CFU-C 
colony was defined as a cluster of 40 or more cells consisting of 
granulocytes, monocyte-macrophages, or both. Microscopically, 
granulocytic colonies could be easily distinguished from pure macro- 
phage colonies because of the presence of smaller cells and tighter 
clustering. Individual colonies were plucked from the cultures with a 
micropipette and spread on glass slides, and the cellular composition 
was confirmed microscopically using Wright's stain and nonspecific 
(alpha naphthyl butyrate) esterase staining.” 
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Statistical analysis. The probability of significant differences 
between colony numbers was determined by Student’s / test. 


RESULTS 


Comparative studies were performed to determine marrow 
CFU-C colony forming activity of the three CSA prepara- 
tions. As a control, IL2 (35 U/mL) alone was added to 
cultures without CSA. The mean number of CFU-C colo- 
nies/culture produced in the presence of CSA-std, CSA-dep, 
and CSA-supp was 55, 32, and 140, respectively. H2 alone 
yielded 36 colonies/culture. In control cultures prepared 
without CSA and IL2, the mean number of CFU-C colonies 
was 17. The differences in colony numbers between cultures 
with CSA-std and CSA-dep and between those with CSA- 
std and CSA-supp were significantly different (P < 0.01). 

To further delineate the augmentative effect of IL2 on 
CFU-C growth, BM cells were cultured in four separate 
experiments with and without increasing concentrations of 
IL2 (Fig 1). The cultures were prepared with CSA-dep to 
confirm that the expected increments in colonies were IL2 
dependent. The stimulatory effects of IL2 on CFU-C colony 
growth were evident in a dose-dependent manner (P < 0.03 
comparing the highest concentration). 

Similar dose-response studies were performed in four 
experiments with the anti-I[L2 receptor antibody. anti-Tac 
(Fig 2). These cultures were prepared with CSA-std. The 
inhibitory properties of anti-Tac were observed to be dose- 
dependent ( P < 0.03 comparing the highest concentration). 
In control cultures, anti-Leu-1, the monoclonal pan-T anti- 
body of identical subclass as anti-Tac, had no effect on 
CFU-C colony growth. 

To exclude the possibility of a nonspecific interaction 
between the crude preparations of CSA and H2 or anti-Tac, 
IL2 and anti-Tac dose-response studies were repeated in 
cultures containing only recombinant GM-CSF 2 U/mL as 
the growth factor (Table 1). As shown, IL2 significantly 
increased (P < 0.02 with 20 U/mL) and anti-Tac decreased 
CFU-C numbers (P < 0.04 and <0.05 at dilutions of 1:300 
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Fig 1. The effect of IL2 on CFU-C colony growth. Colony 


numbers from four experiments are expressed as mean «SD. The 
CSA used in these studies (CSA-dep) contained 2 U/ml IL2. 
increasing concentrations of IL2 were added to the CSA-dep. 
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Fig2. The effect of anti-Tac on CFU-C colony growth. Colony 


numbers from three experiments are expressed as mean + SD. 
The CSA used in these studies (CSA-std) contained 8 U/mL IL2. 


and 1:600, respectively) in a dose-dependent manner, identi- 
cal to the previous studies. 

To characterize which cell populations were involved in 
the modulatory effects exhibited by IL2 and the anti-Tac 
antibody, the effect of both agents was studied on BM 
samples that were depleted of T lymphocytes using 
CAMPATH-1. These studies were performed with CSA-std 
in the presence or absence of adherent cells (Fig 3). In the 
first colamn the stimulatory effect of IL2 on CFU-C colony 
numbers from post-Ficoll BM and the inhibitory effect of 
anti-Tae were both significant (P< 0.01 and P < 0.025, 
respectively). The removal from BM of either T lymphocytes 
(column 2) or the adherent cell fraction (column 3), or both 
(column 4), abolished the stimulatory property of IL2 and 
the inhibitory effect of anti-Tac. 

To clarify the role of T cells in mediating the IL2 
growth-promoting property on CFU-C colony formation, 
BM was depleted of T cells by rosetting and then reconsti- 
tuted with varying T cell numbers (Fig 4). Using CSA-supp, 


Table 1. The Effects of Recombinant Human GM-CSF, Interleukin 
2 and Anti-Tac on Marrow CFU-C Colony Growth 








Culture Conditions CFU-C Colonies/Culture® 
GM-CSF alone 50 
GM-CSF plus IL 2: 

5 U/mL 50 

10 U/mL 54 
15 U/mL 69 
20 U/mL 78 
GM-CSF plus anti-Tac: 
1:1500 §1 
1:1000 51 
1:600 38 
1:300 35 





Ail cultures contain GM-CSF 2 U/mL. 
*Mear number of colonies from duplicate cultures is shown. 
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Fig3. The effect of 15 U/ml IL2 and a dilution of 1:333 anti-Tac 
on four preparations of control BM. The data are from three 
separate experiments. CFU-C colonies are expressed as 4 percent- 
age of the mean number of control colonies, which was defined as 
100%. T lymphocytes were removed using CAMPATH-1. H2 and 
anti-Tac were added to cultures using CSA-std containing IL2 8 
U/mL. 


no change in CFU-C colony numbers was observed until 50% 
of the removed T lymphocytes were added back to I x 10° 
T-depleted BM cells. Thereafter a T cell-dependent increase 
in CFU-C colonies was observed with a maximum increase 
over baseline of 100 colonies/culture when 100% of removed 
T cells were added back (P < 0.001). In control cultures 
with CSA-dep, no change in CFU-C colony numbers was 
seen on addition of T cells. Cultures of rosetted T lympho- 
cytes plated alone with both preparations of CSA as control 
did not yield any CFU-C colonies. 

The role of adherent cells on [L2-mediated CFU-C growth 
was examined in a similar manner. Adherent cells were 
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Fig 4. The effect of re-addition of rosetted T cell fraction to 
T-depleted BM in the presence of CSA-dep containing 2 U/ml 12 
{O—O) and CSA-supp containing 35 U/mL 112 (@-—-@). Colony 
numbers are expressed as mean + SD. 
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removed from the BM sample, and then added back to 
culture in varying numbers (Fig 5). Using CSA-supp, a 
significant increment in CFU-C colonies was found when 
60% of the removed adherent cells were added to 1 x 10° 
adherent cell-depleted BM cells (P < 0.01) and plateaued 
(P < 0.002) when 80% to 100% of the removed adherent 
cells reconstituted the plated BM samples. No change in 
CFU-C colony numbers was seen in control cultures with 
CSA-dep on addition to adherent cells. Also, no CFU-C 
colonies developed when 2 x 10° adherent cells were cultured 
in the presence of CSA-std or CSA-supp. 

To determine if IL2 could enhance CSA production from 
nucleated PB cells, the effect of CSA-std on CFU-C growth 
was compared to CSA prepared in the presence of IL2 20 
U/mL (Fig 6). The BM was depleted of T cells and adherent 
cells prior to plating. At all four CSA concentrations tested, 
CFU-C colony numbers were higher in cultures containing 
the CSA prepared with IL2. At the highest CSA concentra- 
tion tested, the difference in colony numbers between the two 
cultures was significant (P < 0.01). 


DISCUSSION 


Previous studies have demonstrated the complicated cellu- 
lar and humoral regulation of granulopoiesis.**”” A review of 
these publications, however, underscores many technologic 
problems, such as imperfect cell depletion methods, inadver- 
tent enrichment of CFU-C when depleting other populations, 
and inability to quantitate or control interaction of the highly 
heterogenous subpopulations in norma! marrow. 

In the present study we examined the regulatory role on 
human marrow granulopoiesis by two BM subpopulations, 
IL2-responsive T lymphocytes and adherent cells. In an 
attempt to circumvent some of the technical problems that 
could flaw the study, we used recombinant IL2, a specific 
stimulator of activated T cells,°?! and the monoclonal anti- 
Tac antibody,” a blocker of IL2 receptor sites. Although 
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cell-depleted BM in the presence of CSA-dep containing 2 U/mL 
2 (O-—-O), and CSA-supp containing 35 U/mL 1L2 (@—e@). 
Colony numbers are expressed as mean +SD. 
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NO. OF CFU-C COLONIES /10° cells plated 
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Fig 6. Comparison of four concentrations of CSA-std (C—~O) 
and CSA prepared in the presence of IL2 20 U/mi (@—-@) on 
CFU-C colony growth. The marrow sample was depleted of T cells 
and adherent cells prior to culture. Colony numbers are expressed 
as mean «SD. 


other cell lineages are known to express receptor sites for 
IL2, only T lymphocytes are responsive to its action. There- 
fore IL2 and anti-Tac antibody in our studies were highly 
specific, and by stimulating or inhibiting an IL.2-responsive T 
cell population, we were able to study the effect of these cells 
on CFU-C colony growth. The depletion of T lymphocytes by 
removal of E rosetting cells or by treatment with CAM- 
PATH-1 abolished the effect of these cells on in vitro 
granulopoiesis, indicating that mature T lymphocytes can 
modulate CFU-C proliferaticn. 

Our results showing IL2 enhancement and anti-Tac sup- 
pression of CFU-C colonies support previous reports suggest- 
ing that granulocyte-macrophage progenitor proliferation is 
controlled by T cells. 1L2-responsive T lymphocytes 
themselves have been reported to produce colony-stimulating 
factor,” but in our studies of fractionated BM, neither the 
IL2 nor the anti-Tac effects were observed when the adher- 
ent cells were removed from cultured BM cells. That is, IL2 
and anti-Tac modulatory properties were expressed only in 
the presence of both BM adherent cells and T lymphocytes. 
Moreover, re-addition of T cells to the culture plates in the 
presence of 35 units [L2 and adherent cells increased CFU-C 
colony numbers in a dose-dependent manner. Similarly, 
re-addition of adherent cells to the cultures in the presence of 
IL2 and T cells increased CFU-C colony growth. These 
findings reflect the regulatory role of IL2 responsive T 
lymphocytes and the adherent cell fraction on CFU-C prolif- 
eration. 

The requirement for BM adherent cells as well as T 
lymphocytes to mediate the modulatory properties of 1L2 
and anti-Tac on CFU-C growth contrasts with our findings 
for CFU-E and BFU-E proliferation.” Whereas FL2 resulted 
in an increase in marrow CFU-E and BFU-E colony num- 
bers in a dose-dependent manner and anti-Tac had the 
opposite effect, identical to our CFU-C studies, depletion of 


T LYMPHOCYTES AND GRANULOPOIESIS 


marrow adherent cells did not alter the [L2 or anti-Tac effect 
on erythroid colony growth. Only the removal of marrow T 
lymphocytes blunted the effects of IL2 and anti-Tac on 
erythropoiesis. The data were consistent with the thesis that 
proliferating T cells released burst-promoting activity, 
(BPA) which, in turn, triggered erythroid progenitor prolif- 
eration. 

In the CFU-C studies, the requirement for both cell 
populations suggests a different mechanism, probably one in 
which IL2-responsive T cells interact with adherent cells, 
which then elaborate CSA. This is strongly supported by our 
data on the CSA that was prepared from PB mononuclear 
cells in the presence of IL2 20 U/mL. That CSA preparation 
had significantly more activity on CFU-C growth than 
CSA-std when tested on T cell and adherent cell-depleted 
BM samples. Since IL2 did not stimulate CFU-C growth in 
the presence of either T cells or adherent cells but only in the 
presence of both, and since this CSA preparation was more 
active, we have to assume that a humoral factor that 
enhances CFU-C growth is released following the addition of 
IL2. 

It had. been previously reported that T lymphocytes and 
monocytes cultured together release more CSA than T cells 
or monocytes cultured alone.*’ Some investigators, however, 
failed to establish a clear role for T lymphocytes in either 
CSA preduction or regulation.” We have shown that CSA 
preparations contain IL2. Our standard CSA contained IL2 
8 U/mL. Some investigators may not have appreciated this 
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in the past. Clearly the IL2 content of CSA has important 
implications for marrow T cell replication and CFU-C 
growth. This was underscored by our study using highly 
purified recombinant GM-CSF that lacked IL2. The concen- 
tration of GM-CSF yielded maximum CFU-C colony 
growth, yet added IL2 augmented colony numbers even 
further. Using our CSA-std, the activity on CFU-C growth 
was reduced when IL2 was depleted and was enhanced by 
adding back IL2. These findings suggested an important 
regulatory role of IL2 in in vitro granulopoiesis. 

Since in previous studies CSA was prepared in a similar 
manner, it is reasonable to assume that some of the conflict- 
ing results in the literature are due to dissimilar IL2 concen- 
trations in different CSA batches. Motoyoshi et al” have 
suggested that some CSA species stimulate the BM adherent 
cells to produce endogenous CSA, which, in turn, causes 
CFU-C colony formation. This hypothesis may explain the 
ineffectiveness of IL2-responsive T cells on CFU-C growth in 
the absence of adherent cells. 

T lymphocytes are not essential for CFU-C proliferation, 
since some CFU-C colony formation took place in the 
absence of T cells as well as in the presence of high 
concentrations of anti-Tac. Our findings, however, indicate 
that IL2, which is produced and secreted by T ceils and has a 
central role in T cell function and immunity,”"”?” regulates 
in vitro granulopoiesis, probably by enhancing the interac- 
tion between T lymphocytes and adherent monocyte-macro- 
phage cells. 
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Prevention of Pulmonary Injury in Isolated Perfused Rat Lungs by Activated 
Human Neutrophils Preincubated With Anti-Mol Monoclonal Antibody 


By G. Ismail, M.L. Morganroth, R.F. Todd Ill, and L.A. Boxer 


Neutrophil activation results in neutrophil adherence and 
may subsequently cause lung injury through the generation 
of oxidants, release of granule proteases, and generation 
of a variety of mediator substances. We hypothesized that 
inhibition of neutrophil adherence and subsequent lung 
sequestration would attenuate the lung injury caused by 
activated neutrophils. Using isolated perfused rat lungs, we 
determined if anti-Mo1 monoclonal antibody (binds to the a 
subunit of a neutrophil glycoprotein [gp 155,94] that facili- 
tates adherence) would attenuate lung neutrophil seques- 
tration and lung injury caused by human neutrophils stimu- 
lated by phorbol myristate acetate (PMA). PMA-stimulated 
neutrophils but not PMA or neutrophils alone caused lung 
injury as assessed by accumulation of 'I-bovine serum 
albumin into lung parenchyma and alveolar lavage fluid. 
incubation of neutrophils with anti-Mo1 antibody prior to 
stimulation with PMA attenuated lung injury and neutro- 


ONSIDERABLE EVIDENCE has accumulated over 
reeent years suggesting that oxygen metabolites and 
proteases released by activated neutrophils may play an 
important role in the development of pulmonary inflamma- 
tory injury, Both oxidants and proteases have been detected 
in vivo in human disease and in models of pulmonary 
inflammation in experimental animals and isolated perfused 
lungs.'* In experimental models of lung injury, acute lung 
damage can occur following a single dose of phorbol myris- 
tate acetate (PMA). This PMA-induced injury of rabbit 
lung vascular endothelial cells is dependent on the presence 
of neutrophils but the precise mechanism by which the 
neutrophil inflicts injury is not clearly understood.” 

Following activation of neutrophils, not only do the cells 
release both proteases and oxidants, but they adhere more 
avidly to each other (neutrophil aggregation) and to artificial 
(plastic, glass) and physiological (endothelium, epithelium) 
surfaces.'' Neutrophil adhesion which results in intimate 
contact between activated neutrophils and endothelial cells 
may be critical to the neutrophil’s ability to inflict damage. 
These adhesion properties are necessary in order for acti- 
vated cells to migrate on and through vascular endothelium 
in response to inflammatory stimuli. At the molecular level, 
progress has been made toward the identification of neutro- 
phil surface glycoproteins that are involved in cell adhesion. 
Among these adhesion-promoting molecules is a heterodim- 
eric glycoprotein, Mol (gp 155,95'") (equivalent to OKM-12 
or Mac-1'*) that also mediates the binding of C3bi-opsonized 
particles to the phagocyte membrane. Monoclonal antibod- 
ies specific for the 155-kD alpha or 95-kD beta polypeptides 
of Mol have been shown to inhibit human neutrophil aggre- 
gation," adhesion to plastic, glass, or endothelial cell 
surfaces,'*!? and endothelial cell injury.” 

With the availability of anti-Mol antibody the inhibition 
of neutrophil contact with its target can better be studied. 
We investigated in isolated salt-perfused rat lungs whether 
incubating human neutrophils with anti-Mo! antibody prior 
to stimulation with PMA would inhibit lung neutrophil 
sequestration and subsequent lung injury. We also deter- 
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phil sequestration. Furthermore, a histological survey 
revealed that anti-Mo1 antibody inhibited neutrophils pres- 
ent in the lung from spreading following exposure to PMA. 
Anti-Mo1 antibody did not inhibit PMA-stimulated neutro- 
phil release of granule constituents or toxic O, metabolites 
as evidenced by lysozyme and lactoferrin ratease or the 
reduction of ferricytochrome c in the lung perfusate. The 
inhibition of lung injury caused by the anti-Mo1 antibody 
was not likely due to a nonspecific effect of the antibody, 
since another murine monoclonal antibody of the same 
class (anti-Mo5) did not inhibit lung neutrophil sequestra- 
tion or lung injury. Thus, in this experimental model, 
interference with the close approximation of the neutro- 
phil to its target site inhibited the ability of the activated 
human neutrophil to cause injury. 

1987 by Grune & Stratton, Inc. 


mined if anti-Mo! antibody altered activated human neutro- 
phil release of toxic oxygen metabolites or granule constitu- 
ents. The isolated perfused rat lung was used in part since in 
this system we can concomitantly assess hemodynamic 
changes and the consequences of lung neutrophil activation 
(eg, sequestration, granule content release) over time. In this 
report, we demonstrate in isolated perfused rat lungs that 
PMA-activated human neutrophils induce acute lung injury 
which can be markedly attenuated by incubation of the 
neutrophils with anti-Mol antibody. The attenuation of the 
lung injury is not due to inhibition of neutrophil release of 
either superoxide or granule constituents. An identification 
of the mechanism by which neutrophils cause injury may 
lead to an understanding of the pathogenesis of some forms 
of the adult respiratory distress syndrome. 


MATERIALS AND METHODS 


Ex vivo lung preparation. An ex vivo model was used to assess 
lung injury and pulmonary vascular constriction following infusion 
of human neutrophils stimulated by PMA. Lungs were isolated from 
male Long-Evans rats (body weights 200 to 300g) which were 


anesthetized with pentobarbital (40 mg/kg intraperitoneally). 
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Lungs were isolated and perfused at constant flow at 0.03 mL/g rat 
body weight/minute as previously described.) Mean pulmonary 
artery inflow pressure (PA) was measured with a Statham (Oxnard, 
CA) transducer and recorded on a Grass (Quincy, MA) recorder. 
Perfusion pressure was proportional to pulmonary vascular resis- 
tance, since the flow for a given lung was held constant. Left arterial 
pressure (pulmonary outflow) was set by adjusting the height of the 
outflow reservoir and was kept at 0 cm H,0. The lungs were 
ventilated via a tracheal cannula with an air/gas mixture containing 
21% O, and 5% CO, ata rate of 60 strokes/minute using a Harvard 
animal respirator. The lungs and perfusate reservoir were kept at a 
temperature of 37° to 40°C, 

Lung perfusion. Lungs were perfused from the outset of the 
experiment from a reservoir containing physiologic salt solution (70 
mL.) osmotically stabilized with Ficoll (4 g/100 mL). The first 30 
mL of lung effluent was discarded to eliminate circulating rat blood 
elements from the vascular space of the lungs. This resulted in no 
neutrophils being detected in a 1:4 dilution of perfusate in 3% acetic 
acid. The lungs were then perfused for 30 minutes to reach a stable 
perfusion pressure and temperature prior to adding ferricytochrome 
c (50 umol /L} to the recirculating perfusate. Ferricytochrome ¢ was 
added to the perfusate so that its reduction could be used as an index 
of superoxide generation. Ten minutes after the addition of ferricy- 
tochrome ¢ to the perfusate, human neutrophils were added to the 
lung perfusate. In some experiments catalase (1,500 units) was 
added to the lung perfusate. In other experiments, human neutro- 
phils were incubated with either anti-Mol or anti-Mo5 antibody. 

Isolation of neutrophils. Human neutrophils (98% neutrophils 
with >1% platelets/1,000 cells) were isolated according to the 
method of Curnutte and Babior.” This procedure resulted in 95% 
viable neutrophils by the trypan blue exclusion test. The cells were 
washed and resuspended in a final concentration in the lung perfu- 
sate of 3 x 10° cells/mL. 

Incubation of neutrophils with monoclonal antibodies. The 
generation of murine monoclonal antibodies anti-Mol (IgG2a)?? 
and anti-Mo5 (IgG2a)** has been previously described. IgG was 
purified from ascites fluid by Staphylococcus protein A-sepharose 
chromatography.” Saturating concentrations of anti-Mol and anti- 
MoS, as determined by using indirect immunofluorescence flow 
cytometry,’? were [ug / 10° human neutrophils. In experiments where 
cells were pretreated with antibodies prior to administration into the 
lungs, 1.2 x 10° cells in | mL phosphate-buffered saline (PBS) were 
incubated for 15 minutes at 37°C with antibody concentrations far 
exceeding saturation (600ug/mL). Following incubation, neutro- 
phils were delivered into the lung perfusate at a final concentration 
of 3 x 10° cells/mL. without prior washing (monoclonal antibody 
present in the perfusate). To confirm antibody excess sufficient to 
saturate Mol sites expressed by neutrophils after PMA activation, 
perfusates from selected experiments were assayed for the presence 
of residual soluble anti-Mol antibody by indirect immunofluores- 
cence against neutrophil indicator cells. 

Administration of PMA. PMA (50 ng/mL perfusate) was 
added to the perfusion reservoir 10 minutes after the addition of 
neutrophils to the reservoir. In control experiments the same amount 
of PMA was added to a reservoir which lacked human neutrophils. 
In addition, in a separate series of studies, lungs were perfused from 
a reservoir containing human neutrophils but to which no PMA was 
added. Mean pulmonary artery pressure was measured before and 
for 60 minutes following the addition of PMA. Pulmonary venous 
effluent was sampled before and 10, 20, and 30 minutes following 
the addition of PMA for determination of neutrophil counts, ferricy- 
tochrome ¢ reduction, and granule constituent release as described 
below. The dose of PMA used was chosen because amounts of PMA 
in excess of 50 ng/mL resulted in fulminant lung injury and 
precluded completion of the experimental protocol. 
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Measurement of lung injury. '\-bovine serum albumin ('°1- 
BSA) was prepared by the standard chloramine T method.” 
Unbound iodine was removed by gel filtration using a G-75 column. 
'51.BSA was added to the perfusion reservoir 30 minutes after the 
addition of PMA. This was done in part so that pulmonary venous 
effluence could be sampled and assays performed on venous effluent 
that did not contain '*I-BSA. Thirty minutes after the addition of 
the '*1-BSA to the perfusate, 1 mL. of pulmonary venous effluent 
was obtained, weighed, and counted for two minutes in a gamma 
scintillation counter. This allowed the determination of the number 
of -BSA counts in 1.0 g of circulating perfusate. 

The reservoir supplying perfusate to the lung was then changed to 
contain only physiologic salt solution osmotically stabilized with 
Ficoll (4 g/100 mL). After the lung was perfused with 15 mL of this 
perfusate, 1.0 mL of pulmonary venous effluent was obtained and 
assessed for radioactivity in a gamma scintillation counter. This was 
done to confirm that minimal '*1-BSA counts (<1% of the counts 
present in 1.0 gram of the circulating perfusate) remained within the 
intravascular space of the lung. The lungs and attached structures 
were then weighed prior to performing whole lung lavage. which was 
done by instilling 3.0 mL of normal saline into the tracheal cannula. 
This was instilled and withdrawn three times and | to 1.5 mL of total 
fluid was recovered. One mL of this lavage fluid was then counted 
for two minutes in a gamma scintillation counter to assess the 
amount of -BSA that accumulated in alveolar avage fluid. The 
structures attached to the lung tissue were then dissected away from 
the lung and weighed. This weight was subtracted from the previ- 
ously determined weight of the lung with attached structures to 
determine lung wet weight. The lung tissue was then counted for two 
minutes in a gamma scintillation counter to assess the amount of 
HSLBSA that had accumulated in lung parenchyma. '1-BSA 
counts present in alveolar lavage fluid. lung tissue, and pulmonary 
venous effluent were normalized by dividing the number of counts 
measured by the number of '*!-BSA counts present in 1.0 g of 
circulating perfusate. The ratio of lung wet weight to the rat body 
weight was calculated as an index of lung water. 

To assess neutrophil-~pulmonary endothelial interactions in situ, a 
light and transmission electron microscopic survey of lung sections 
was performed comparing lungs perfused with neutrophils alone, 
neutrophils plus PMA, and neutrophils incubated with anti-Mol 
antibody plus PMA. Thirty minutes following the addition of the 
neutrophils to the perfusion reservoir the lung was fixed with 4% 
glutaraldehyde via tracheal instillation (at 15 cm H,O). Sections (1 
u) were examined following staining of plastic-embedded tissue with 
toluidine blue. 

Analysis of lung perfusate. The number of circulating neutro- 
phils in the perfusate were counted on a hemocytometer. Perfusate 
samples that contained an undetectatle number of cells at a 1:4 
dilution in 3% acetic acid were considered devoid of circulating 
neutrophils. Ferricytochrome c reduction was used as an index of 
superoxide generation and was determined by optical density mea- 
surement of the perfusate at 551 nm. In separate experiments, it was 
demonstrated that the reduction of ferricytochrome ¢ was abolished 
by the addition of superoxide dismutase (50 mol/L) to the perfu- 
sate. Lysozyme activity (units/min/mL) and lactoferrin concentra- 
tion (ug/mL) were measured as described previously.“ 

Assay for hydrogen peroxide generation. Hydrogen peroxide 
generation by resting and stimulated neutrophils was determined by 
the method of Root and Metcalf.” Neutrophils (2.5 x 10°/mL.) in 
Krebs-ringer-phosphate, pH 7.4, were incubated with 5 ng/mL 
PMA or 10°? mol/L f-Met-Leu-Phe (FMLP) for 15 minutes. In 
some instances, 50 wmol/L ferricytochrome c was added to the 
buffer in order to evaluate the effect of this scavenger of superoxide 
on hydrogen peroxide formation. 

Statistics. Values were expressed as mean + SEM. Groups were 
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Fig 1. Typical tracing showing the experimental protocol and 


change ir perfusion pressure following the addition of ferricyto- 
chrome c human neutrophils (PMN), PMA, and '*1-BSA (down- 
ward arrows} to a lung perfusate consisting of physiologic salt 
solution containing Ficoll. 


compared using one-way analysis of variance and the Neuman- 
Keuls multiple comparison test. 


RESULTS 


Effect of anti-Mol antibody on lung neutrophil seques- 
tration and lung injury. Addition of human neutrophils to 
rat lung perfusate containing physiologic salt solution in the 
absence of PMA caused PA pressure to increase 3 + 0.4mm 
Hg (n = 9, Fig 1). More than 95% of the neutrophils entering 
the lung were sequestered, since they were not recovered in 
the pulmonary venous effluent (Table 1, experiment A). 
Despite lung neutrophil sequestration, in the absence of 
PMA there was no increase in rat lung wet weight to body 
weight ratio or increase in accumulation of '*I-BSA into 
lung parenchyma or alveolar lavage fluid (Fig 2, column 
two). Similarly, as seen in Fig 2, column one, PMA alone in 
the absence of neutrophils failed to cause increased rat lung 
weight to body weight ratio or increase in accumulation of 
1251. BSA into lung parenchyma or alveolar lavage fluid. 

Neutrophils could not longer be detected in the lung 
effluent following the addition of PMA to lung perfusate 
containing neutrophils (Table 1, experiment A). Corre- 
spondingly, in these lungs the administration of PMA 
resulted in lung injury as assessed by increased rat lung 
weight to body weight ratio and increased accumulation of 
151.BSA into lung parenchyma and alveolar lavage fluid 
(Fig 2, column three). This increased albumin accumulation 
in lung parenchyma and alveolar lavage fluid was not likely 
due to hydrostatic changes since the PA pressure measured 
during the period of albumin accumulation (12 + 2 mm Hg) 
in these lungs (human neutrophils [PMN] and PMA) was 
not different (p = NS) from the PA pressure measured 
(10 + 2: mm Hg) when only PMA was added to the lung 
perfusate. Generation of H,O, was necessary for the lung 
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injury to occur since addition of catalase (n = 5) to the lung 
perfusate prior to the addition of PMA inhibited the 
increased accumulation of '*1-BSA in Jung parenchyma 
(.36 + .06, P < .05). 

Incubation of neutrophils with anti-Mol antibody inhib- 
ited lung neutrophil sequestration both prior to and following 
the addition of PMA to the lung perfusate (Table 1, experi- 
ment B). Incubation of neutrophils with anti-Mo! antibody 
had no effect on the PA pressure increase following addition 
of these neutrophils to the lung perfusate (3 + .4 mm Hg, 
n = 6, P = NS). However, addition of PMA to lung perfus- 
ates containing neutrophils incubated with anti-Mol anti- 
body resulted in less lung injury since the increase in lung wet 
weight to body weight ratio and accumulation of '*1-BSA 
into lung parenchyma and alveolar lavage fluid were inhib- 
ited (Fig 2, column four). This inhibition of the lung paren- 
chyma and alveolar lavage albumin accumulation was not 
likely due to hydrostatic changes, since the PA measured 
during the period of albumin accumulation (10 + .6 mm Hg) 
in these lungs (PMN incubated with Mol antibody and 
PMA) was not different (P = NS) from that in lungs in 
which nontreated neutrophils were stimulated by PMA 
(12 + 2 mm Hg). Lung albumin accumulation was also 
compared in a subset of lungs from each of these two groups. 
Lungs were paired such that the PA pressures during the 
period of albumin accumulation were identical (<.5 mm Hg 
difference). Comparing these subgroups (paired ? test, 
n = 3) addition of PMA to lung perfusates containing neu- 
trophils incubated with anti-Mol antibody, as opposed to 
nonincubated neutrophils, still resulted in less accumulation 
of 5|-BSA into lung parenchyma (.43 + .09 v Ll s.l}, 
P < .05) and alveolar lavage fluid (.03 + 01 v .36 x 3, 
P < .05). Treatment of neutrophils with anti-Mol antibody 
not only reduced the total number of cells sequestered in the 
lung, but anti-Mol-treated neutrophils failed to spread on 
pulmonary endothelium after exposure to PMA as assessed 
microscopically (Fig 3, column C). In addition, the vascular 
endothelium appeared intact following exposure to PMA- 
stimulated neutrophils incubated with anti-Mol antibody. 
However, the anti-Mol antibody did not impair the develop- 
ment of vacuolization, a finding consistent with degranula- 
tion. In contrast, as seen in Fig 3, column B, PMA-activated 
neutrophils not exposed to anti-Mol antibody underwent 
spreading on endothelium, caused marked endothelial cell 
damage, and demonstrated vacuolization consistent with 


Table 1. Circulating Neutrophils in Perfusate Following Infusion of Untreated or Antibody-Treated Human Neutrophils 

















Before After 
PMA Injection PMA Injection 
Experimental Neutrophils Percentage Neutrophils Percentage 
Canditions* (x 10° Celts/mL) Recoveryt P Valuet (x 10° Cetls/mi} Recoveryt 
A. PMN alone 1.58 + 0.63 4.9 + 1.95 ND§ oe 
B. PMN-AbMol 7.03 + 1.07 23.3 + 3.54 P< 0.05 0.36 + 0.12 1.2 +039 
C. PMN-AbMo5 2.50 + 0.82 8.2 + 2.68 P= NS 


ND Sy 





*Neutrophils were added to the reservoir in a concentration of 3 x 10° cells/mL. 


¢Percentage recovery was calculated by dividing the number of neutrophils measured in 1 mL of pulmonary venous effluent by the number of 


neutrophils in the lung perfusate entering the lung. 


+P values represent comparisons between PMN alone and each of the other two conditions. 
ND indicates no neutrophils detected in a 1:4 dilution of perfusate in 3% acetic acid. 
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Fig 2. Effects on lung injury of PMA by itself (PMA only), 
unstimulated neutrophils (PMN only), and PMA-stimulated neutro- 
phils with or without prior incubation with anti-Mot or anti-Mo5 
monocional antibodies. Lung parenchyma and alveolar lavage 
albumin leak indices were calculated by dividing the '*I-BSA 
counts in lung tissue or alveolar lavage fluid by the "I-BSA counts 
in 1.0 g of perfusate. n equals number of lungs studied. Control 
refers to lungs to which only PMA was added (no neutrophils). 


degranulation. Neutrophils not stimulated by PMA, like 
neutrophils treated with anti-Mo! antibody, remained round 
and did not undergo spreading on or injure the vascular 
endothelium (Fig 3, column A). As a specificity control for 
the effect of anti-Mol antibody, in parallel experiments 
neutrophils were incubated with an isotype-identical murine 
monoclonal antibody (anti-Mo5).* Anti-Mo5 antibody 
failed to prevent neutrophil sequestration in the lung (Table 
1, experiment C), or the PA pressure increase following the 
addition of the neutrophils to the perfusate (3 + 0.6 mm Hg, 
n= 4, P = NS), or lung injury induced by the subsequent 
addition of PMA (Fig 2, column 5). 

Effect of anti-Mol antibody on granule enzyme 
release. PMA stimulation of human neutrophils in the lung 





*Anti-Mo5 recognizes a neutrophil plasma membrane protein 
(Mo5) of unknown function.” Anti-Mo5 monoclonal antibody rep- 
resents a good control for the effects of anti-Mol, since by immuno- 
fluorescence analysis” the density of MoS is equivalent to that of 
Mol on the surface of unstimulated human neutrophils. Moreover, 
exposure of neutrophils to degranulating stimuli results in an 
increase in the surface expression of both Mol and Mo5™* (Mo5 
being somewhat less than Mol). 
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perfusate resulted in the secretion of the specific granule 
components lysozyme and lactoferrin into the lung perfusate 
(Fig 4). The addition of PMA in the absence of neutrophils 
resulted in no detectable increase in granule components. 
Incubation of human neutrophils with anti-Mol antibody 
had no significant effect on release of granule constituents 
into the lung perfusate following the addition of PMA. On 
the other hand, mere exposure of nonstimulated human 
neutrophils to rat lung endothelium led to the release of a 
small but significant (p < .001) amount of lactoferrin. 

Effect of anti-Mol antibody on ferricytochrome c reduc- 
tion. Stimulation of neutrophils with PMA caused a time- 
dependent reduction of ferricytochrome e in the lung perfus- 
ate (Fig 5). The average rate of ferricytochrome ¢ reduction 
by untreated, anti-Mol-—, and anti-Mo5—treated neutrophils 
occurred at 30 nmol/min/10’ cells during the first ten 
minutes following stimulation with PMA. There was no 
significant reduction of ferricytochrome ¢ in perfusates con- 
taining either PMA or neutrophils alone. PMA-stimulated 
human neutrophils preincubated with either anti-Mol or 
anti-MoS antibody produced rates (P = NS) of ferricyto- 
chrome ¢ reduction comparable to those observed with 
nontreated neutrophils. 

Effect of extracellular ferricytochrome c on PM A-stimu- 
lated H,O, generation. As shown in Table 2, ferricyto- 
chrome ¢ totally inhibited H,O, release from FMLP- 
stimulated cells. In contrast, the amount of H,O, release 
detected from cells stimulated by PMA was only partially 
attenuated by the presence of ferricytochrome c. 


DISCUSSION 


Following stimulation, activated neutrophils are able to 
damage neighboring target tissues such as endothelial cells. 
This model has been broadly adopted to explain inflamma- 
tory vascular damage such as lung injury in the adult 
respiratory distress syndrome.'° Because neutrophils are 
capable of releasing a broad spectrum of effector substances, 
neutrophil contact with vascular endothelium may be rele- 
vant to the pathogenesis of vascular injury and subsequent 
pulmonary edema. Previous studies have directed consider- 
able attention toward the mechanisms by which neutrophils 
adhere to endothelium in vivo and in vitro. It has been 
observed that monoclonal antibodies directed against the 
Mol surface glycoprotein can inhibit neutrophil aggregation 
and their adhesion to substrates. Employing cells from a 
patient with a congenital deficiency of adhesive glycopro- 
teins, Harlan et al found that activated neutrophils from the 
patient failed to induce disruption of an endothelial mono- 
layer or increase '**|-albumin passage through the mono- 
layers.” Activated control neutrophils caused a nonlytic 
disruption of the endothelial monolayers which was mediated 
by an oxygen radical-independent mechanism.” In contrast, 
Shasby et al demonstrated a neutrophil-mediated increased 
albumin passage across endothelial monolayers by an oxy- 
gen-dependent mechanism.” Since the cultured monolayers 
may not mimic the response of endothelium in vivo, we chose 
to study the effect of neutrophil activation on changes in 
permeability using an intact vasculature. We found that 
treatment of human neutrophils with anti-Mol monoclonal 
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Fig 3. Photomicrographs of rat lungs exposed to human neutrophils. Line 1 original magnification 400x, current magnification; line 2 
original magnification 2,600x, current magnification; line 3 original magnification 5600x, current magnification. Column A shows 
nonstimuleted human neutrophils. Column B shows PMA-stimulated human neutrophils. Column C shows PMA-stimulated human 
neutrophils incubated with anti-Mo1 antibody. As seen in Column B, stimulation of PMNs by PMA resulted in the close approximation of 
the neutrophil to the endothelium and vacuolization consistent with degranulation. Gross endothelial cell injury is evident. Anti- 
Mo1-treatəd PMA-stimulated PMNs (Column C) or unstimulated PMNs (Column A) remained round and endothelial damage was not 
evident. Anti-Mo1 antibody did not prevent the development of PMN vacuolization. A contaminating red blood cell is seen in B2. 
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Fig4. Release into lung perfusate of specific granule constitu- 
ents (A) lysozyme and (B) lactoferrin over time. The time of 
addition of PMA is also shown (downward arrow). Nontreated 
PMNs {n = 5) refers to PMA-stimulated PMNs not incubated with 
a monoclonal antibody. AbMo1-PMN {n = 4) and AbMo5 {n = 4) 
refer to PMA-activated PMNs incubated with anti-Mo1 or anti- 
Mo5 antibody, respectively. Nonstimulated PMN {n = 4) refers to 
lung perfusates to which only PMNs were added. PMA alone refers 
to lung perfusates to which only PMA was added (no neutrophils 
added). There was a significant increase (P < .05) in lactoferrin 
over time for all groups except PMA alone. There was a smaller 
increase (P < .05) for nonstimulated PMNs compared to stimu- 
lated PMNs whether incubated or not incubated with monoclonal 
antibody. There was a significant increase {P < .05) in lysozyme 
release only for the three groups of neutrophils stimulated by 
PMA. The open squares in (B) refer to PMA atone. 


antibody attenuated lung injury following exposure of neu- 
trophils to PMA. The attenuation of the lung injury likely 
resulted from the inability of the neutrophils to undergo 
spreading and firmly attach to vascular endothelium. Simon 
et al’? have demonstrated in epithelial cell cultures that 
incubation of PMA-stimulated neutrophils with Mol anti- 
body inhibits cell injury. Although the Mol antibody did not 
prevent attachment of the neutrophils to the epithelial cells, 
it prevented neutrophil spreading and their close approxima- 
tion to the target cells. 
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Fig 5. Reduction of ferricytochrome c only occurred in PMA- 
activated neutrophils whether or not they were incubated with a 
monocional antibody. There was no difference {P = NS) in the 
reduction of ferricytochrome c accompanying PMA-activated non- 
treated PMNs or PMNs incubated with anti-Mo1 antibody or 
anti-Mo5 antibody. 
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Table 2. Effect of Extracellular Ferricytochrome C 
on PMA- and FMLP-Stimulated H,O, Generation 








H,0, Generation Percent 
Experimental Canditions (nmol #,0,/15 Min/5 x 10% Cells) inhibition 
PMN, FMLP 14.2 + 1.2 
PMN, ferricytochrome 
c, FMLP 0 100% 
PMN, PMA 123.6 + 6.4 
PMN, ferricytochrome 
c, PMA 84.2 + 5.4 32% 





Experiments were performed on isolated human neutrophils in a test 
tube system containing 5 x 10° cells/ml and 50 nmol/L ferricyto- 
chrome c. 


We demonstrated that treatment with anti-Mol mono- 
clonal antibody did not prevent the PMA neutrophil~induced 
lung injury by inhibiting the production of potentially nox- 
ious substances such as oxidants and granule proteases. This 
is Consistent with in vitro studies that have shown that 
anti-Mol antibody does not inhibit degranulation or super- 
oxide production.” Finally, inhibition of lung injury did not 
arise from a nonspecific effect of a murine 1gG2a antibody, 
since anti-Mo5, an IgG2a antibody that recognizes another 
neutrophil membrane constituent,” failed to attenuate lung 
injury. 

One of the apparent advantages of our isolated perfused 
rat lung-human neutrophil system is the ability to quantify 
neutrophil activation in situ by monitoring both the genera- 
tion of oxidants and the release of specific granule constitu- 
ents into the perfusate. We found that the presence of 
ferricytochrome c in our lung perfusate did not quantita- 
tively alter acute pulmonary injury of PMA-activated neu- 
trophils as compared to those experiments carried out in the 
absence of ferricytochrome ¢ (data not shown). A possible 
explanation for the lack of inhibition of injury by ferricyto- 
chrome ¢ may be explained by the ability of PMA to initiate 
vesicles within intact neutrophils that are sequestered from 
the direct inhibitory effect of the superoxide scavenger. 
Other investigators have shown that during contact of 
human neutrophils with opsonized particles, the presence of 
ferricytochrome c failed to completely abolish H,O, release 
from the cells, In contrast, there was no detectable H,O, 
release from neutrophils pretreated with cytochalasin B to 
prevent phagosome formation in the presence of ferricyto- 
chrome c. These data suggest that the formation of “privi- 
leged sites” within the phagosome that are inaccessible to 
ferricytochrome ¢ can lead to the generation of diffusable 
H,O),. In our model, ferricytochrome c which was used as an 
extracellular indicator of superoxide production likely did 
not scavenge superoxide formed within the neutrophil. Cyto- 
chemical studies previously have demonstrated that PMA 
induces formation of cytoplasmic vesicles and channels in 
neutrophils which exhibit H,O, staining.” It is likely that 
PMA stimulation of the human neutrophils in our lung 
model induced similar vesicles hidden from the scavenging 
effect of ferricytochrome c. Indeed, we showed that the rate 
of H,O, formation by PMA-stimulated human neutrophils in 
vitro was not completely abolished in the presence of extra- 
cellular ferricytochrome c, indicating that a substantial 
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amount of H,O, produced during PMA stimulation escaped 
the scavenging effects of ferricytochrome c. In contrast, 
neutrophils activated by FMLP, which leads to total release 
of superoxide to the extracellular environment, were inhib- 
ited from generating H,O, by the presence of ferricyto- 
chrome c in the supernatant. 

We found that pretreatment of neutrophils with anti-Mol 
antibody failed to completely inhibit sequestration of unstim- 
ulated neutrophils or cells exposed to PMA. The detection of 
residual soluble anti-Mol monoclonal antibody in lung per- 
fusate even after PMA administration (which has previously 
been shown to induce an increase in surface Mol expression 
by neutrophils*) indicates that the concentration of anti- 
Mol antibody used in these experiments was far in excess of 
that required to saturate all neutrophil Mol antigenic sites. 
Another possible explanation of the failure to completely 
prevent cell adherence may relate to the existence of other 
adherence-promoting leukocyte surface antigens besides that 
recognized by our anti-Mol reagent. In support of this 
possibility are studies of Harlan, Beatty, Wallis, and their 
colleagues'*'** in which a monoclonal antibody (60.3%) 
directed against the 95-kD 8 chain that is common to Mol 
and two other surface heterodimeric glycoproteins (LFA-1 
and pl50,95) resulted in a significant inhibition of the 
adhesion of neutrophils'*!? and monocytes™ to endothelial 
surfaces. Whether the structurally related glycoproteins 
LFA-I and p150,95 are also involved in neutrophil adhe- 
sion” is a subject for further study. 

In our studies, we observed that the exposure of neutro- 
phils to rat endothelium resulted in the release of a small but 


1173 


significant amount of the specific granule constituent lacto- 
ferrin. These observations are similar to reports by other 
investigators who have found that attachment of neutrophils 
to surfaces leads to exocytosis of specific granule constitu- 
ents.” Despite the release of granule constituents, this was 
insufficient to lead to detectable lung injury in our system. 
Similarly, PMA by itself or by stimulating cells present in 
the lung did not lead to the intravascular generation of 
superoxide or lung injury. This is in contrast to the report by 
Dyer? demonstrating a neutrophil independent effect of 
PMA on lung injury in sheep. 

In conclusion, PMA-activated human neutrophils in iso- 
lated perfused rat lungs induced acute edematous injury 
which could be markedly attenuated by incubation of the 
neutrophils with anti-Mol antibody. The extent of lung 
injury paralleled that observed in isolated rat lungs utilizing 
a homologous system employing rat neutrophils and rat 
plasma activated by the complement activator cobra venom 
factor.”* In this homologous system lung injury was also 
neutrophil-dependent, since the activation of complement by 
cobra venom factor in plasma-perfused lungs in the absence 
of neutrophils did not result in lung injury. Anti-Mol 
antibody did not inhibit the release of either superoxide or 
granule constituents but led to an increase in the number of 
circulating cells in the perfusate, suggesting that the attenua- 
tion of lung injury by the monoclonal antibody resulted from 
interference of neutrophil adhesion to the endothelial cell 
surface by the specific monoclonal antibody. These studies 
indicate the necessity of intimate neutrophil—endothelial cell 
contact for the initiation of target cell injury. 
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Increased Susceptibility of Peripheral Mononuclear Cells of Leukemic Patients 
to HTLV-I Infection In Vitro 


G. Graziani, D. Pasqualetti, M. Lopez, C. D'Onofrio, A.M. Testi, F. Mandelli, R.C. Gallo, and E. Bonmassar 


Peripheral mononuclear cells (MNC) collected from 12 
healthy donors and 44 leukemic patients at various stages 
of the disease were tested for natural killer (NK) activity 
and for their susceptibility to HTLV-I infection in vitro, 
measured in terms of percentage of p19 positive cells. 
MNC from leukemic donors at any stage of leukemia (ie, 
onset or relapse, ON/REL; complete remission or off- 
therapy. CR/OT donors) were highly susceptible to HTLV-I 
infection. This was true for acute leukemias of lymphoblas- 
tic (ALL! or nonlymphoblastic (ANLL) type. MNC of ON/REL 
patients were more susceptible to HTLV-I than those of 


UMAN RETROVIRUSES of different HTLV groups 
have been isolated from patients affected by certain T 
cell malignancies in various geographic areas, and have been 
implicated in the development of the disease.'” The HTLV-I 
subgroup was found to be able to infect T lymphocytes in 
mixed cultures in vitro between virus—producer donor cells 
and susceptible target lymphocytes, especially when umbili- 
cal cord blood™"' or bone marrow’? lymphocytes were used 
as target cells. Adult T lymphocytes appear to be more 
resistan: to infection than relatively immature target cells, as 
evidenced by studies on the expression of the HTLV-I 
structural protein p19 on target cell membrane, and DNA 
blot hybridization to detect the HTLV-I provirus integrated 
in the host cell genome.” 

In order to study the host cell range and the regulation of 
HTLV-1 infection, we have investigated whether the rela- 
tively immature lymphocytes present in the peripheral mono- 
nuclear cells (MNC) of leukemic patients would be highly 
susceptible to in vitro infection with the virus. The results of 
the present investigation confirmed this hypothesis and pro- 
vided additional evidence that peripheral blood lymphocytes 
of patients in complete remission (ie, without evidence of 
circulating leukemic blasts) are still more susceptible to 
HTLV-I infection than normal T lymphocytes of adult 
donors. 


MATERIALS AND METHODS 


Cell Fines. The human erythroleukemia K562'* cell line was 
used as a target for the NK activity of effector lymphocytes in a 
four-hour *'Cr release assay. MT-2, a HTLV-I producer cell line, 
was obtained by in vitro coculture of normal human cord-blood 
lymphocytes and adult T cell leukemia cells (ATL) positive for 
HTLV-L® MOLT-4 is a T cell line obtained from peripheral blood 
cells of a young patient with acute lymphoblastic leukemia (ALL). 
These ced] lines were maintained as stationary suspension cultures in 
culture medium RPMI 1640 supplemented with 20% fetal calf 
serum (FCS) and 2 mmol/L glutamine (GIBCO, Grand Island, 
NY) plus 50 ug/ml of gentamycin (hereafter referred to as complete 
medium [CM]). 

Leukemic patients. Peripheral mononuclear cells (MNC) were 
collected from 44 leukemic patients, including 27 adults (15 male 
and 12 female patients) and 17 children (10 male and seven female 
donors). The age range for adults was between 16 and 62 years, and 
that for children was between 3 and 14 years. 

The diagnosis was ALL in 37 patients, being one of B, nine of T, 
and 27 of non-T, non-B phenotype. The remaining seven patients 
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CR/OT donors. in addition, leukemic blasts were more 
rapidly infected (ie, within five to seven days) than the 
HTLV-I-susceptible normal cord-blood lymphocytes. How- 
ever, the presence of circulating blasts was not essential to 
virus susceptibility, since CR/OT MNC, presumably free of 
leukemic blasts, were still more susceptible to HTLV-I than 
normal cells. Basal NK function of MNC from leukemic 
patients was significantly lower than that detectable in 
healthy controls. However, no correlation was found 
between susceptibility to HTLV-I infection and NK activity. 
© 1987 by Grune & Stratton, inc. 


had acute nonlymphoblastic leukemia (ANLL), The number of 
patients at different stages of the disease is illustrated in Table 1. 
MNC were collected from off-therapy patients at least one year 
after the end of maintenance therapy, from patients in complete 
remission during maintenance therapy, and from patients at the 
onset or relapse of the disease, before starting induction therapy. In 
addition, in three cases the samples were collected from the same 
donor in two different stages, ic, in remission and in relapse. 2 to 3 
months later. Chemotherapy regimens used for remission induction 
and for the maintenance of remission include the use of vincristine, 
daunorubicin, L-asparaginase, adriamycin, prednisone for induction 
therapy. and methotrexate, vincristine, and cytarabine for mainte- 
nance therapy as previously described.” 

Cocultures. Recipient MNC were separated from peripheral 
blood by centrifugation on Ficoll-Hypaque gradient. Virus producer 
MT-2 cells (2 x 10°) were lethally irradiated (12,000 R} and 
cocultured with recipient MNC (10°) in 25-cm’ flasks in CM (5 mL 
final volume) containing 10% of T cell growth factor (TCGF or 
IL-2)" The cultures were fed with fresh CM plus TCGF 
(Cellular Products, Buffalo, NY) twice a week or more frequently, 
depending on the growth rate. Control irradiated MT-2 ceils were 
also cultured separately and no viable cells could be detected after 
three days of culture. 

Irradiation of tumor cells in vitro, MT-2 tumor cells were 
irradiated in vitro using a Cs irradiator (Gamma Cells 1000, 
model “A”, AECL, Canada) delivering gamma rays al the rate of 
1,000 rads/min, suspended in CM in 15-mL tubes at a concentration 
of 10° cells/mL. The cells were then washed twice and resuspended 
in the same medium, 
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Table 1. Susceptibility to HTLV-I Infection of Target Peripheral Blood MNC Cocultivated in Vitro With HTLV-I Producer Cells 











p19-Positive Samples PS ie 
Donors of Target Cells* Adult Child ALLT ANLLE Total Number (%} Pi P2 P3 P4 
Healthy controls 7 5 — _ 12 0 0 <0.01 <0.01 _ = 
Off Therapy (OT) 1 5 6 o 6 3 50.0 — o o -= NS|| 
Complete Remission (CR) 9 8 17 0 17 12 70.6 mo _ — — 
Onset + Relapse (On + Rel) 17 4 13 8 21 21 100.0 — == “0.05 == 
Total leukemic 27 17 36 8 44 36 80.0 — ~ -= —- 





*Target cells were cocultivated with irradiated (12,000 R} HTLV-I producer MT-2 lymphoblasts (see Materials and Methods). Leukemic donors 
include all donors affected by leukemia, listed under OT(off-therapy 1 to 10 years), CR (complete remission, under maintenance therapy}, and On + Rel 
(Onset + Relapse). Target cells of On + Rel donors contained various percentages of blasts. 


TALL, acute lymphoblastic leukemia. 
tANLL, acute nonlymphocytic leukemia. 


ẸP, probability calculated according to chi-square analysis, comparing the percentage of p19-positive samples as follows: P1, healthy controls v 
leukemic; P2, healthy controls vOT + CR; P3, OT + CR vOn + Rel; P4, OT v CR. 


i NS, not significant. 


Assay for HTLV-I infection. Infection with HTLV-I, inducing 
p19 protein expression in host cells, was determined by calculation of 
the percentages of p19 positive leukocytes. Fixed cells were analyzed 
by indirect immunofluorescence for the presence of HTLV-I p19 
internal virus component using a murine monoclonal antibody 
specific for the purified p19 protein, and rabbit antimouse F(ab)2 
IgG conjugated with fluorescein isothiocyanate (FITC, Cappel, 
Cochranville, PA) as previously described.” 

Surface phenotype analysis of cells by monoclonal antibod- 
ies. Identification of cells positive for antigens reactive with dif- 
ferent monoclonal antibodies and conventional surface markers (E 
rosette and slg) were carried out as previously described in detail”? 
Murine monoclonal antisera specific for subsets of human T lympho- 
cytes.* eg, T cells (OKT3). E rosette receptors (OKT 1), the 
helper/inducer T cells (OKT4), cytotoxic/suppressor T cells 
(OKT8), immature hematopoietic stem cells (OKTIO). tranferrin 
receptor (OKT9), histocompatibility locus D antigens (HLA-DR)* 
and antigen expressed on monocytes (OKM 1)’° were used to label 
live cells. Positive cells were identified using FITC-labeled goat 
antimurine IgG F(ab)2-specific serum (Kallestad, Delta Biologicals, 
Rome). OKT reagents were purchased from Ortho Pharmaceutical 
Corp. (Raritan, NJ), and the other reagents from Becton Dickinson 
FACS Systems (Sunnyvale, CA). 

Terminal deoxynucleotidyl transferase. A cytocentrifuge prep- 
aration of peripheral blood cells was fixed in methanol for 30 
minutes, washed in PBS for 10 minutes, and analyzed for terminal 
deoxynucleotidyl transferase (TdT) utilizing rabbig IgG antihuman 
TdT and, subsequently, FITC-labeled goat antirabbit IgG (Be- 
thesda Research Laboratories, Bethesda, MD). 

Blast purification on Percoll gradients. Blast purification on 
Percoll gradients was performed as described by Hakos.”” Briefly, 
MNC obtained after separation on Ficoll-Hypaque gradients were 
further layered on two Percoll gradients. Percoll was diluted with 
RPMI 1640 plus 50 «g/mL of gentamycin to concentrations of 40% 
(1.06 g/mL.) and 36% (1.05 g/mL); then 5 mL of 40% Percoll was 
placed at the bottom of a 13-mL tube (Falcon, Oxnard, CA) 
followed by 5 mL of 36% Percoll over which MNC were stratified. 
Tubes were centrifuged at 550 g for 30 minutes, and blast cells were 
concentrated at the 36% interface, while small mature lymphocytes 
were placed at the bottom of the tube. 

DNA preparation. High molecular weight DNA was extracted 
by proteinase K digestion followed by organic solvent extraction, 
according to standard procedure.” 

Dot blot analysis, 3 pg of DNA from each sample were dena- 
tured just before spotting by incubation in 0.2 mol/L NaOH for 10 
minutes at 65°C, The samples were then neutralized by adding 1 vol 


of 2 mol/L NH, acetate. The DNA samples were spotted on a 
nitrocellulose filter (Schleicher and Schiill, Dassel, FRG) previously 
saturated in 1 mol/L NH acetate. The filter was dried and then 
baked for two hours at 80°C. Prehybridization was performed for 
three hours at 65°C on a shaking platform in 4x SET buffer (NaCi 
3 mol/L. TRIS 0.06 mol/L, EDTA 40 mmol/L), and 10x Denhart 
(polyvinylpirrolidone, bovine serum albumin, and Ficoll), 0.1% 
sodium dodecyl sulfate (SDS) (Sigma, St Louis), and 100 pg/mL 
salmon sperm. The filters were then hybridized in the same selution 
with a ?P nick-translated HTLV-I probe (3 x 10° cpm/mL, specific 
activity 2 x 10° cpm/ug). The HTLV-I probe is a Sst 1 subclone 
from a MT-2 genomic clone containing the complete virus.” The 
filters were washed in a solution of 10x Denhart, 4x SET, and 0.1% 
SDS for 30 minutes and successively in 2x SET and 0.1% SDS for 
30 minutes, both on a shaking platform at 65°C. The filters were 
exposed to X ray film with an intensifying screen (°X-Omatic,” 
Kodak, Rochester, NY) fer 66 hours. 

Cytotoxicity assay. The NK activity was determined using a 
‘1Cr release assay, as previously described.” Briefly, graded concen- 
trations of effector cells (E) were suspended in CM containing 25 
mmol/L HEPES buffer, mixed with 2 x 10°"'Cr-labeled target cells 
(T) in round-bottom 96-well microtiter plates (Greiner C.A. and 
Söhne, Nurtingen, FRG) (final volume 0.2 mL) and incubated for 
four hours in a 5% CO, incubator. At the end of the incubation 
period the plates were centrifuged (800 g for 10 minutes) and the 
radioactivity of 0.1 mL of the supernatant was measured in a 
y-scintillation counter (Packard Instrument, Downers Grove, IL). 
The baseline “'Cr release was that released spontaneously from 
target cells and in no case did it exceed 10% of the total radioactivity 
incorporated by target cells. Experimental results were expressed as 
the percentage of specific lysis over the spontaneous release and were 
calculated as follows: 


pe t .  epm(t) - 
% specifie lysis = m 
cpm(T) 


epm{s) 
ome x 


where cpm(t) is the mean cpm released in the presence of effector 
cells, cpm(s) is the mean cpm released spontaneously by target cells, 
and cpm(T) is the total emount of *'Cr incorporated into target 
cells. 

Calculation of lytic uniis. Dose-response curves were obtained 
by plotting the percentage of specific *'Cr-release and the effector- 
target (E/T) ratios. The best-fit curve for this function was found to 
be logarithmic in accordance with previous reports.” A lytic unit 
(LU10) was defined as the number of effector cells extrapolated 
from the dose-response carve which was required to achieve n% 
specific target cell lysis. The amount of LU10/10° effector cells was 
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calculated by dividing 10° by the number of lymphocytes corre- 
sponding to | LU10. The cytolytic activity was considered low when 
it was less than 1 LU10/10° cells. The mean + standard deviation 
(SD) of LU10/10° cells of normal lymphocytes preparation was 
found to be 26.4 + 12.7. Therefore, low-activity samples were 
considered those below the mean minus 2 SD (ie, 1 LU10/10° 
MNC). 


RESULTS 


Peripheral MNC obtained from healthy donors and leu- 
kemic patients at various stages of the disease were cocul- 
tured with irradiated infecting MT-2 cells and tested for p19 
expression at weekly intervals for 5 weeks. The results 
illustrated in Table | show that MNC of leukemic patients 
were particularly susceptible to HTLV-I infection, as evi- 
denced by the significant percentage of samples which 
became pl9-positive within | to 5 weeks of coculture (Table 
1, Pl). The increased susceptibility to HTLV-I infection 
with respect to that of normal MNC was particularly evident 
in MNC collected from donors at the onset or relapse 
(On + Rel) stage of the disease, which is associated with the 
presence of blast cells in peripheral blood and bone marrow. 
This was true for ALL or ANLL. In the latter instance the 
number of T lymphocytes, targets of the virus infection," 
was very limited, being the leukemia cell population largely 
represented by myeloblasts. 

The data in Table | show also that putatively normal 
lymphocytes obtained from patients off-therapy (OT) and 
those in complete remission (CR) were significantly more 
susceptible to HTLV-I infection than normal adult MNC 
(Table 1, P2), whereas no difference in virus susceptibility 
was found between MNC of OT and CR donors (Table 1, 
P4). However, the statistical analysis of the percentage of 
pl9-positive samples indicates that MNC of On + Rel 
donors were more susceptible to HTLV-I infection that those 
collected from OT + CR patients (Table 1, P3). 

These findings were further supported by the kinetic 
analysis of virus infection illustrated in Fig 1, showing that 
MNC containing blast cells (of On + Rel donors) were more 
rapidly converted to p19-positive cells following exposure to 
MT-2 HTLV-I than MNC collected from OT + CR 
patients. Moreover, leukemic samples, especially those col- 
lected from On + Rel donors, were more readily infected 
than those of normal umbilical cord blood MNC (Fig 1). 

The close association between p19 positivity and virus 
infection was confirmed by the finding that cells carrying the 
p19 antigen were also positive for HTLV-I provirus. This was 
evidenced by DNA dot blot analysis, using the DNA 
extracted from infected MNC of ALL and ANLL donors 
and a nick-translated “P-labeled probe containing almost 
the entre HTLV-I genome (Fig 2). Moreover, control cocul- 
tures were carried out mixing leukemic cells of an ANLL 
donor or of in vitro growing MOLT-4 cell line with irradiated 
Epstein-Barr virus (EBV )-infected human B lymphoblastoid 
cells (X,O, line). In this case the cocultures remained 
consistently negative for the p19 antigen during up to 2 
weeks of observation. On the other hand, the same target 
cells cocultivated with the irradiated MT-2 line showed high 
percentages of p19-positive cells as early as at four days of 
coculture (data not shown). 
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WEEKS OF cCOCULTURE 


Fig 1. Time course of appearance of p19 positivity after 
HTLV-I infection of MNC obtained from On + Rel (@-—-@, 15 
cases), or OT + CR (O—-O, 15 cases) donors, cocultured with 
irradiated MT-2 cells. Chi-square analysis of the percentages of 
p19-positive cocultures (ie, showing more than 10% p19-positive 
cells) showed a significant difference between the two groups 
{P < 0.05) at 1, 2, 4, and 5 weeks postinfection. Eight different 
samples of cord-blood lymphocytes cocultured with HTLV-I donor 
cells at the same conditions showed no positivity after 2 weeks of 
coculture. Eighty percent of the samples were positive (ie, show- 
ing more than 10% p19-positive cells) at 3 weeks and 100% at 4 
weeks of coculture. 


Cell phenotype of T lymphocytes infected in vitro with 
HTLV-I was found to be predominantly of helper/inducer 
class, ie, positive for the surface antigen recognized by OKT4 
monoclonal antibody and positive for HLA-DR determi- 
nants.” Similarly, the majority of the phenotype markers 
associated with infected MNC of the leukemic patients 
described in the present study were found to be reactive with 
OKT4 and anti- HLA-DR antibodies. This is shown in a 
typical example of surface phenotype patterns of infected 
MNC of ALL donors, as illustrated in Table 2. In this case 
blast cells containing 10% only of OKT4 positive lympho- 
cytes yielded an infected line expressing predominantly the 
OKT4 phenotype. In addition “normal” lymphocytes of an 
OT donor infected by HTLV-I virus generated a cell line 
represented largely by OKT4 blast cells (Table 2). However, 
the data obtained in the present study pointed out also that 
pure ANLL blasts, deprived of T lymphocytes, were rapidly 
infected by the virus. Blast cells from peripheral blood 
obtained from ANLL donors were purified on Percoll gra- 
dients as described in Materials and Methods. The cells were 
cocultured with irradiated MT-2 donor cells and tested for 
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Fig 2. A representative experiment of dot blot analysis on 
genomic cellular DNA is shown. HTLV-I provirus is integrated in 
the DNA obtained, respectively, from two p139-positive cocultures 
{A and B) which survived more than 5 weeks. Cocultures were 
performed using recipient MNC bearing the phenotype of ANLL 
(onset) M5 variant (A), and of ALL (onset) T cell variant (B). 
respectively. Positive control (C) is DNA extracted from HTLV-I 
donor MT-2 cells. Negative control (D) is DNA extracted from the 
p19-negative erythroleukemia K562 cell line. 
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Table 2. Cell Surface Markers of MNC of an ALL Patient Before or After Infection With HTLV-I 
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Leukemic Celts 


Percent of Positive Cells 











Blasts 
Code Type % p19 OKT3 OKT4 OKT8 OKT9 OKT11 Tdt HLA-Dr 
MT-2 H/CB 100 100 — 100 — ND 45 ND 100 
cc B-ALL (ON) 90 0 30 10 4 50 5 + o 
CC/MT-2 H/B-ALL (ON) 90 930 70 90 5 82 70 — 100 
CF cALL (OT) 0 0 70 49 28 0.1 71 — 12 
CF/MT2 H/cALL (OT) 90 85 39 93 —_ ND 30 ND 100 





Abbreviations: H/CB, HTLV-I infected cord biood cell line; B-ALL (ON), acute lymphoblastic leukemia (B cell variant}; ON, onset; H/B-ALL (ON), 
HTLV-I~infected ALL, tested on day +54 of coculture with irradiated MT-2 cells: cALL (OT), acute lymphoblastic leukemia (common type); OT, off 
therapy; H/cALL (OT), HTLV-l-infected ALL tested on day + 48 of coculture with irradiated MT-2 cells: ND, not done. 


p19 positivity and phenotypic markers on days 5, 11 and 22 
of coculture. The results (Table 3) show that blasts were 
HTLV-I-positive as early as five days after the coculture and 
retained their original surface markers. Actually no cell of 
the T lymphocyte lineage, reactive with “pan T,” OKT3, or 
OKT11 antibodies could have been detected in this HTLV- 
I-positive line. 

The studies concerning the basal NK function of MNC of 
various origins, measured before coculturing with the virus 
producer MT-2 cells, are illustrated in Tables 4 and 5. The 
results expressed in terms of geometric mean of LU10/10° 
MNC or as percentage of samples showing low NK activity 
(LNK, ie, less than 1 LUIO/10® MNC, see Materials and 
Methods) reported in Table 2 show that: (a) NK activity was 
significantly lower in lymphocytes of leukemic patients than 
that detectable in healthy controls, Moreover, the percentage 
of LNK samples was higher in leukemic donors than that 
detectable in healthy controls: (b) the NK activity and 
percentage of LNK samples found among OT + CR patients 
did not reach a statistically significant difference from those 
detectable among donors bearing active disease (On + Rel 
patients); and (c) the percentage of LNK samples was 
significantly higher in MNC preparations. 


DISCUSSION 


Considerable experimental evidence is now available 
showing that HTLV-I can be transmitted in vitro to a variety 
of target cells, using cell-to-cell transfer in tissue culture?" 
There are a number of studies demonstrating that cocultiva- 
tion of HTLV-1-producing cells with recipient cells is far 
more efficient for transmitting the retrovirus than is extra- 
cellular HTLV-I.'° The data presently available suggest also 


that preferential target cells of the virus would be human T 
lymphocytes carrying the OKT4 marker. This appears to be 
especially true in the case of spontaneous HTL V-I-positive 
cells of patients with adult T cell leukemia~lymphoma” or of 
cord-blood lymphocytes infected by in vitro cocultivation 
with virus-donor cell lines.’ However, when bone-marrow 
recipient cells were used for in vitro HTLV-I transmission, 
infected T ceils were alternatively of OKT4+, or OKT8 + or 
OKT4 ~ /OKT8 — phenotypes.'? The host range for HTLV-I 
infection appears to be even larger in selected experimental 
conditions, since B-cells™ and cells of nonlymphoid origin,” 
including endothelial cells, have been successfully infected 
with the virus. In any case, the pattern of HTLV-I transmis- 
sion in vitro shows preferential susceptibility of lymphoid 
cells at relatively immature stages (eg, cord blood or bone 
marrow cells), whereas adult MNC appear to be more 
resistant to virus infection. 7 

Therefore, it was anticipated that mononuclear cells col- 
lected from patients with lymphoproliferative disorders 
would have been particularly susceptible to the infection with 
the retrovirus, especially when immature hemopoietic cells 
are present in the peripheral blood. 

Preliminary data have shown that cultured human leu- 
kemic lines are highly susceptible to HTLV-I infection (P. 
Markham, personal communication, February 1985). The 
results of the present study confirm that circulating MNC, 
including blast cells of leukemic patients, are easily and 
rapidly infected with the virus. However, the increased 
susceptibility to HTLV-I infection of cells derived from 
leukemic donors was found not only in MNC of On/Rel 
patients but also in those collected from CR/OT donors. 
Actually, in the case of MNC of CR/OT origin, appreciable 


Table 3. Time Course of Appearance of p19-Positive Cells and Expression of Cell Surface Markers 
of Purified ANLL Blasts* Cocultured With Irradiated MT-2 Cells 





Percentage of Positive Celis 








Day of Coculture pig OKT3 OKT11 LeuM1 HLA-DR 
OF 0 0 o 20 86 
5 24.6 0 2 17 100 
11 38.8 0 o 18 190 
22 30.0 0 1 57 49 





*ANLL (M4 variant) blasts (Percoll fraction; see Materials and Methods) were also negative for LeuM2, S47, and My-7 surface markers. The pellet 
fraction of ANLL MNC contained 43% and 49% positive cells for OKT3 and HLA-DR markers, respectively. 
Day O data refer to ANLL blasts before coculture with HTLV-I donor MT-2 cells. 
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Table 4. Comparative Studies on the NK Activity of Fresh MNC Obtained From Healthy or Leukemic Donors, 
Assayed Before Coculture With MT-2 Celis 














NK Activity 
Group No.t LU10/10° MNC 

No. Donor Type* Obs. GM (SE) P1§ LNK |) P24 
1 Healthy controls 12 128 (76.7-213.5) — 8.3 oo 
2 Leukemic controls 43 0.25 (0.11-0.55) <0.01 72.1 0.05 
3 OT + CR 28 0.6 (0.2-1.6) — 64.3 mem 
4 On + Rel 15 0.047 (0.013-0.17) NS 86.7 NS 
5 p19-Negative (total) 19 34.5 (16.4-72.9) — 33.3 aan 
6 p19-Positive (total) 29 0.098 (0.036-0.26) NS 75.9 <0.05 
7 p19-Negative {leukemic} 7 4.4 (0.99-19.6) -— 50 -l 
8 p19-Positive (leukemic) 29 0.098 (0.036-0.26) NS 75.9 NS 











*MNC trom donors of the type illustrated in the column. OT, off-therapy; CR, complete remission; On, onset: Rel, relapse. 


tNumber of observations. 


tExpressed as the geometric mean (GM}, and GM — standard error (SE), and GM + SE in parentheses of LU 10/10? MNC values. 
Probability calculated according to r test analysis, comparing NK activity between group 1 and 2, 3, and 4, 5, and 6, and 7 and 8. NS, not 


significant 


| Percentage of samples with low NK activity (< 1 LU 10/10 MNC, see Materials and Methods) with respect to the total number of observations for 


each group. 


TProbability calculated according to chi-square analysis, comparing the same groups considered for P1 evaluation. 


amounts of target immature lymphocytes do not appear to be 
present. Moreover, no increase of the proliferative response 
of CR/OT MNC in MNC/MT-2 coculture was found with 
respect to that detectable in normal MNC/MT-2 coculture 
(data not shown). 

In any case, the present studies demonstrated that MNC 
containiag blast cells (of On/Rel donors) are more rapidly 
converted to p19-positive cells following exposure to MT-2 
HTLV-F than lymphocytes from CR /OT donors, as shown in 
Fig 1. This is consistent with previous studies showing that 
proviral integration is favored by target cell proliferation,” 
as expected to occur in leukemic blasts. That OKT4 cells 
were the primary target of virus infection seems to be 
confirmed by the findings described in Table 2, showing that 
infected HTLV-I lines were predominantly of OKT4 pheno- 
type. 

This occurred also in the case of B-cell leukemia contain- 
ing a limited number of OKT4-positive lymphocytes. In this 
case, however, one cannot rule out the possibility that target 





Tabla 5. Relationship Between Time of HTLV-I Infection 
Expressed in Terms of Week(s) of the Appearance 
of p19-Positive Cells and Basal NK Function 








Week of p19 No. of 
Positwity* Observations LU10/10° MNC GM (SE}+ 
1 14 0.140 {0.033-0.59) 
2 6 0.048 (0.004-0.58} 
3 4 7.900 (2.7-23.2) 
5 3 0.036 (0.001-1.27) 





*Time in week(s) of appearance of more than 10% p19-positive celis, 
after day O of coculture between recipient and virus-producing MT-2 
lymphoma cells. 

tin parentheses: mean — standard error (SE) and mean + SE. The 
Pearson r coefficient for the relationship between the week of pig 
positivity and:the levels of NK function expressed in terms of LU10/10° 
MNC is — 0.123, showing that there is no relationship between the two 
parameters. 


leukemic B cell blasts could have been converted by HTLV-I 
infection to cells carrying T cell-like markers, including 
determinants cross-reactive with the OKT4 antigen. 

In the case of MNC collected from On/Re! of ANLL 
leukemic patients, the “preferential” immature T targets of 
HTLV-I did not appear to be present in the cocultures 
(Table 3) and yet rapid and total conversion to p!9-positive 
cells occurred (Tables | and 3). This could be explained 
considering that early and successful in vitro transmission of 
HTLV-I could occur in target cells other than immature T 
lymphocytes and in particular blast cells of myeloid origin. 

The possible role of NK function in virus transmission in 
vitro has been considered in the present study, as illustrated 
in Tables 2 and 3. 

A number of reports in the literature suggest that natural 
immunity, at least in part represented by the NK system, 
would be involved in immune surveillance against the out- 
growth of transformed cells and cancer progression.’ The 
observation that NK activity of HTLV-I-resistant MNC of 
normal donors is greater than that of HTLV-I-susceptible 
MNC of leukemic subjects (Table 4) seems to support this 
hypothesis. However, in the case of HTLV-I-susceptible 
MNC obtained from leukemic patients at any stage of the 
disease, one would expect that MNC samples with low NK 
activity were more susceptible to HTLV-I infection, or more 
rapidly infected by the virus than those with high NK 
activity. Since this was not the case (Tables 4 and 5), it can 
be suggested that virus infection is not profoundly affected 
by the NK system, at least within MNC of leukemic donors, 
although the number of observations is too low to detect a 
limited influence of natural immunity on virus transmission. 
This possibility is also supported by the observation that the 
majority of the p19-positive transformed lines are scarcely 
susceptible to NK-mediated cytolysis (data not shown). As 
already mentioned, the majority of MNC preparations 
obtained from healthy donors were associated with high NK 
activity. Therefore it is reasonable to assume that additional 
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properties, distinct from NK function, would be responsible 
for the relatively high HTLV-I resistance found in normal 
adult lymphocytes. 

In conclusion, the results obtained in the present study 
show that: (a) leukemic MNC are more susceptible to 
HTLV-I infection than normal lymphocytes; (6) morpholog- 
ically normal lymphocytes of leukemic patients, off-therapy 
or in complete remission, are more susceptible to HTLV-I 
than T cells of healthy donors; and (c) no convincing 
evidence was found that the level of basal NK activity 
markedly affects the susceptibility of leukemic MNC to viral 
infection. 

The reason for this is not presently known. It might well be 
a consequence of altered interaction among cellular genes 
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that follows the drug therapy and/or the leukemic transfor- 
mation. 
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Membrane Receptors for Interleukin 2 on Hematopoietic Precursors 
in Chronic Myeloid Leukemia 


By Giuseppe Visani, Ruud Delwel, Ivo Touw, Frederik Bot, and Bob Lowenberg 


In this report we present data on the expression of IL2 
receptors on chronic phase CML cells. Using an anti IL2 
receptor monoclonal antibody (McAb alL2r) in indirect 
immunofluorescence we found significant proportions 
(42.2% + 19.7 SD) of the CML cells (previously depleted of 
E rosetting T cells) to be IL2 receptor positive following 
incubation in suspension for 18 hours at 37°C. Noninduced 
cells did not express IL2 receptors. After induction the 
alL2r positive and negative cell subpopulations were sorted 
and analyzed separately for morphology, lineage specific 
cell surface markers, and clonogenic cell numbers. The IL2 
receptor positive CML subpopulations mainly contained 
blast cells and monocytes and revealed reactivity with 
myeloid McAbs but not with T cell, 8 cell, platelet, or 
erythroid markers. Clonogenic cells (CFU-GEMM, BFUe, 


NTERLEUKIN 2 (IL2) is a growth factor of T and B 
lymphocytes.'? The expression of IL2 receptors on the 
surface of lymphocytic cells is a prerequisite for these cells to 
proliferate in response to 1L2.% Recently it has been shown 
that receptors for IL2 can be induced on human monocytes** 
and acute myeloid leukemia (AML) cells’ as well, following 
incubation in vitro.’ Although the findings did not clarify 
the role of IL2 receptors in AML growth, the data suggested 
that these receptors may function to modulate the prolifera- 
tion of human AML. 

In the present studies we explored the possible presence 
and function of IL2 receptors in chronic myeloid leukemia 
(CML). We show that large proportions of CML cells from 
six patients, initially [L2 receptor negative, express the IL2 
receptors after activation in culture. The IL2 receptor posi- 
tive CML fraction contained the greatest part of the clono- 
genic cells, ie, CFU-GM, BFUe, and CFU-GEMM. 

In contrast, normal bone marrow, including the colony 
forming progenitors, when treated and analyzed similarly, 
were consistently IL2 receptor negative. The addition of IL2 
to the cultures, in doses ranging from 50 to 500 U/mL, did 
not modify CML colony growth and neither did blocking the 
IL2 receptors with an alL2r McAb. Moreover, binding (that 
would have been significant for high affinity receptor pres- 
ence) could not be measured with radiolabeled IL2, suggest- 
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and CFU-GM) were selectively recovered from alL2r posi- 
tive CML cells and thus were IL2 receptor positive. The 
addition of recombinant IL2 (riL2) to CFU-GM and BFUe 
cultures, in concentrations from 50 to 500 U/mL, did not 
influence the efficiency of colony formation. Binding of a 
radiolabeled IL2 preparation to the in vitro activated CML 
cells indicated the presence of low affinity receptors for 
IL2. In contrast to CML, normal human marrow cells were 
consistently allL2r nonreactive. Thus, IL2 receptor induci- 
bility is a characteristic feature of CML clonogenic cells, 
which they share with AML, but not with normal marrow 
progenitors. The role of IL2 receptors in the regulation of 
proliferation of CML cells requires further investigation. 

® 1987 by Grune & Stratton, Inc. 


ing that most of the IL2 receptors induced on the surface of 
the CML cells exhibit a low affinity to the ligand. 


MATERIALS AND METHODS 


CML and normal bone marrow cells. CML cells were obtained 
from bone marrow (aspirated from the iliac spine) or peripheral 
blood of six patients in the first chronic phase of the disease following 
informed consent. The cells were separated through Ficoll- Isopaque, 
cryopreserved (7.5% DMSO and 20% fetal calf serum} and stored in 
liquid nitrogen, according to standard procedures. After thawing, 
residual T lymphocytes were removed from the suspension with E 
rosette sedimentation and thus reduced to less than 1% of the 
nucleated cells, as previously described." Normal marrow was 
obtained following informed consent from volunteers or patients 
without hematological disorders and prepared, and T cell depleted 
exactly as described for CML cells. 

McAbs. The McAbs used in this study for the analysis of surface 
antigens are listed in Table 1. 

Indirect immunofluorescence and fluorescence activated cell 
sorting. Cell surface membrane antigens were assayed by staining 
with monoclonal antibodies and goat antimouse immunoglobulins 
coupled to fluorescein isothiocyanate (GAM/FITC, Nordic, Til- 
burg, The Netherlands} as described.'*'” The cells were then ana- 
lyzed by fluorescence microscopy and by flow cytometry with a 
fluorescence activated cell sorter (FACS 440, Becton Dickinson, 
Mountain View, CA).'® 

Induction of the IL2 receptors. For induction of the IL2 recep- 
tors on the cell membrane. cells were incubated in suspension for 18 
hours in the presence of phytohemagglutinin (PHA) (1% vol/vol, 
reagent grade, Wellcome, Dartford, England), 12-0-tetradecanoyl- 
phorbol-1 3-acetate (TPA) (10 ng/mL) (Sigma, St Louis) or without 
these additions. Subsequently, the cells were washed twice with 
phosphate buffered saline (PBS) and prepared for indirect immuno- 
fluorescence with the alL2r McAb. Incubations using a McAb of the 
same immunoglobulin class (IgG1) (ie. OKT6 = CD1) were always 
included as controls. In some experiments anti IL2 receptor McAb 
(igG1) + GAM/FITC stained cells were sorted and then analyzed 
for the expression of other surface antigens. In these experiments the 
sorted cells were stained with McAbs (not of the IgG! subclass) + 
goat antimouse immunoglobulins, specifically reactive with the Ig 
class or subclass of this second antibody and coupled to the second 
fluorescent label tetramethylrhodamine isothiocyanate (GAM/ 
TRITC). Analysis with McAbs of the IgG! subclass were performed 
with cells previously labeled with anti-TAC McAb (igG2a) instead 
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Tabie 1. Specifications of McAbs 








NicAb isotype Titres Reactivity Reference or Source 

B 4.3 (CD15) IgM 1:500 Metamyelocytes —* granulocytes 11 

$4.7 IgM 1:500 Myeloblasts -—— granulocytes, 12 
monocytes, myeloid leukemias 

$ 3-13 IgM 1:50 CFU-GM, myeloblasts, monocytes, 12 
T lymphocytes, myeloid leukemias 

Virn2 IgM 1:100 Granulocytes, monocytes, 13 
90% myeloid leukemias 

IV B5 igG1 1:500 Erythrocytes {głycophorin A} 14 

B4 (CD19) igG1 1:10 B cells Coulter immunology (Hialeah, FL} 

C17 IgG1 1:500 Piatelets (glycoprotein IHA} 14 

ViIA1 {CD10} IgM 1:100 Common ALL antigen (CALLA) 15 

T3 (C03) igG2a 1:40 Mature thymocytes and Ortho Pharmaceutical (Raritan, MJ) 
T lymphocytes 

T6 (C01) \gG1 1:40 Common thymocytes, epidermal Ortho Pharmaceutical (Raritan, NJ) 
Langerhans cells 

alL2r (CD25) igG1 1:20 Anti IL2 receptor Becton Dickinson (Mountain View, CA} 


antiTac (CD25) igG2a 


Anti IL2 receptor 





of alL.2r. Cells were then evaluated for surface membrane fluores- 
cence usiag a fluorescence microscope. Sorting of the cells into IHL2 
receptor positive and negative fractions was carried out according to 
previously described techniques." 

Myeloid colonies. CML (0.5 x 10° cells) or normal bone 
marrow (1 x 10°} cells were plated in 35-mm Petri dishes in 0.2 mL 
of semisolid medium on top of a l-mL agar (0.5%) underlayer 
supplemented with human placenta conditioned medium (HPCM) 
(30% vol ‘vol)."° Colonies of more than 50 cells were scored on day 
12 of culture. Colony counts represent the mean estimates of 
triplicate cultures. Colonies were collected from the dishes and 
examined morphologically and immunologically according to estab- 
lished procedures." 

Erythroid colonies. Erythroid colonies (BFUe) were assayed by 
plating 0.125 x 10°CML cells or 0.25 x 10° normal marrow cells in 
0.25-mL methylcellulose cultures containing Iscove’s modified Dul- 
becco medium supplemented with bovine serum albumin (BSA), 
transferrin, lecithin, natrium selenite, betamercaptoethanol, 30% 
fetal calf serum, and human erythropoietin derived from the urine of 
a patient with aplastic anemia, as described.” Cells (0.125 x 10° 
CML celis; 0.25 x 10° normal marrow) were plated in cluster dish 
wells and kept at 37°C and 5% CO, in humidified air. Cultures were 
performed in quadruplicate; colonies (more than 50 cells) were 
counted on day 14. 

Mixed colonies. Mixed colonies (CFU-GEMM) were grown as 
described by Fauser and Messner” with slight modifications.” 
Colonies were scored at day 15. Mixed colonies defined as containing 
red hemoglobinized cells plus at least 5% nonhemoglobinized cells 
were always verified cytologically. 

Analysis of the effects of IL2 on CFU-GM and BFUe growth. In 
certain experiments modifications of the standard HPCM and BFUe 
systems were used. HPCM cultures were performed in triplicate in 
24-well dishes (Greiner, Alphen aan de Rijn, the Netherlands). Cells 
(0.20 x 10°) were plated in a 100-ul semisolid upper layer on the 
top of a 0.25-mL underlayer. The effects of IL2 were then tested by 
adding IL2 to the culture upper layers (500 units/mL). Simulta- 
neous cultures were performed to which alL2r (2.5 ug/mL); 
alL.2r + 1L2 (500 U/mL) or the control McAb T6(CD1; IgG1) (2.5 
ug/ml) had been added. Colonies were scored on day 12. Similar 
experiments were carried out to examine the effects of IL2 on BFUe 
growth. 

Binding of radiolabeled 1L2. To assess the binding properties of 
the IL2 receptors expressed by the CML cells, we performed affinity 


studies with radiolabeled '"1-1L2 as previously described.” One 
million cells in 50 aL alpha medium with 10% BSA were incubated 
with serial concentrations of pure recombinant '*I-IL2 (Amersham, 
UK) to a final concentration of 100 pmol/L. The cells were 
incubated with the radiolabeled IL2 for one hour at 37°C and then 
radioactivity was counted in a 4/200 automatic gamma counter 
(Micromedic, Horsham, PA). To correct for nonspecific binding of 
the '°1-1L2, incubations were also performed in the presence of 
excess nonradioactive riL2. All incubations were carried out in 
duplicate. 


RESULTS 


Induction of IL? membrane receptors on CML 
cells. Fresh CML cells (T lymphocyte depleted) did not 
express IL2 receptors on their surface, as indicated by the 
negative immunofluorescence after labeling of the cells with 
the McAb alL2r. On the other hand, high reactivities of the 
cells with the McAb alL2r were apparent in all six cases 
following incubation of the cells in suspension (18 hours) 
(Fig 1, Table 2). The fraction of alL2r positive cells was 
estimated at 42.2 + 19.7% (mean + SD; range 20% to 80%; 
n = 6). The induced cells did not show any reactivity with a 
control McAb of the same isotype (ie, OKT6; IgG1). ILZ 
receptor positive CML cells were separated by fluorescence 
activated cell sorting and examined morphologically and 
immunologically. The 12 receptor positive cell fraction 
contained mainly Sudan black positive myeloblasts (Table 2) 
and monocytes, and expressed the myeloid antigens reactive 
with the McAbs S4-7 (37%), S3-13 (8%), and Vim2 (12%). 
The IL2 receptor positive subset showed no reactivity with 
reagents recognizing the lymphocytic T3 antigen, E rosette 
receptor, CALLA (CD10) and B cell antigens (B4, CD19), 
erythrocytic antigen glycophorin A and platelet antigen 
glycoprotein HHA. 

In contrast to these findings with CML cells, we were 
consistently unable to demonstrate any expression of IL2 
receptors on T cell depleted normal marrow cells (n = 14 
cases), before or after incubation (Fig 1). 

Colony formation by IL2 receptor expressing CML 
cells. Activated CML cells were sorted into IL2 receptor 


1184 


100 


alL2r 
Labeling 


50 


100 


RELATIVE CELL NUMBER 


alL2r 
labeling 


CFU-GEMM, BFUe, CFU-GM PER FRACTION (%) 





LOG FLUORESCENCE INTENSITY 


Fig 1. Fluorescence histograms indicating the [L2 membrane 
receptor expression on induced CML and normal bone marrow. As 
controls, cells were incubated with the fluorescent label but 
without IL2 receptor reactive McAb to assess background (nega- 
tive) fluorescence. Colony-forming cells (CFU-GM, BFUe, and 
CFU-GEMM) were determined by sorting the cells into negative 
(channels 0 to 90) and positive (channels 91 to 255) fractions and 
the distributions are also indicated (stippled block diagrams). Two 
examples are given: (A) normal bone marrow (T cell depleted); and 
(B) CML bone marrow (T cell depleted). 


positive and IL2 receptor negative fractions in three experi- 
ments and cultured for CFU-GM, BFUe, and CFU-GEMM 
(Table 3, Fig 1). The alL2r positive fraction contained the 
majority of CFU-GM, BFUe, and CFU-GEMM. To exclude 
the possibility that IL2 receptor negative cells had been 
miscarried with the IL2 receptor positive sorts and had been 
responsible for colony formation, a control sort was carried 
out. For this purpose, the cells were stained with GAM/ 
FITC alone and sorted on fluorescence intensity exactly as 
had been done with the alL2r labeled cells. Among the 
so-called positive sort of the McAb unlabeled GAM-FITC 
labeled control, only 1% of progenitor cells were collected. 

Effects of IL2 and alL2r McAb on colony forma- 
tion. The effects of r-IL2 on myeloid and erythroid colony 
formation by CML cells (three cases) and normal bone 
marrow (four cases) were examined. The addition of rIL2 
(500 U/mL) did not alter the myeloid colony forming 
efficiency in cultures with or without colony stimulating 
factor, nor did it modify the plating efficiency of BFU-e (Fig 
2). Moreover, IL2 alone was inactive in stimulating colony 
growth. 

Blocking of the receptors with 2.5 ug/mL alL2r McAb 
exerted no effect on CML myeloid colony growth (CFU- 
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Table 2. Differential Count of alL? Receptor Positive and 
Negative Sorted CML Cell Fractions 














Fraction Unfractionated all 2r Positive 
Blast cell 53.5 65.6 
Promyelocyte 3.1 1.2 
Myelocyte 0 0 
Metamyelocyte 0 0 
Neutrophil 0.2 0.4 
Basophil 0 0 
Eosinophil (8) 0 
Monocyte 25.8 20.8 
Lymphocyte 2.0 0.8 
Unclassified 15.3 14.2 
Sudan black ND 78% 
Alpha-naphthyl-esterase ND 0 
E rosette forming 18] o 





expression and then subjected to fluorescence activated cell sorting. The 
differential analysis was made on a total number of 500 cells. The results 
are expressed as percentages. ND, not done. 


GM), whereas BFUe growth was slightly reduced. This 
inhibition of BFUe formation (due to alL2r McAb presence 
in culture) could not be overcome by the concomitant 
addition of high concentrations of r-IL2 (500 U/mL) to the 
cultures (Table 4). 

Binding of radiolabeled '°1-IL2. To assess the binding 
properties of the IL2 receptors expressed by CML cells, we 
performed affinity studies with radiolabeled '“I-1L2. Serial 
dilutions up to a concentration of 100 pmol/L radiolabeled 
IL2, which fully saturates high affinity receptors on PHA 
stimulated peripheral blood cells (PHA-PBL)* did not show 
any significant binding of IL2 to the induced CML cells. 
Only in the presence of excessive concentrations of '*1-1L2 
(ie, 1,500 pmol/L) was some specific binding measured. 
These results suggest that the [L2 receptor induced on CML 
cells were predominantly, if not all, of low affinity. 


DISCUSSION 


The regulatory role of the polypeptide hormone IL2 in the 
proliferation of activated T and B lymphocytes has been well 
established.'? The use of pure radiolabeled [1.2 preparations 
and monoclonal antibodies reactive with the surface mem- 
brane receptors for IL2 has led to a detailed insight into the 
inducibility and the binding characteristics of IL2 receptors 
on normal and neoplastic lymphoid cell types.“ Activated 
T and B lymphocytes express two types of 1L2 membrane 
receptors: one with a high affinity and another with a low 
affinity for the ligand.‘ 

Recently, IL2 receptors have been detected on cells of 
nonlymphoid origin as well, ie, a subpopulation of in vitro 
activated peripheral blood monocytes** and also on AML 
cells of diverse FAB types in nearly all patients investigated.’ 
This raised the intriguing possibility that IL2 receptors also 
have a regulatory role in the proliferation of AML cell 
growth. In the present report we demonstrate that IL2 
receptors can be induced on a majority of CML (chronic 
phase) cells during incubation in suspension. 

The induction of the [L2 receptors on the CML cells did 
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Table 3. Numbers of CFU-GM, BFUe, and CFU-GEMM in IL2 Receptor Negative and Positive Cell Fractions 
of CML Cells and Normal Marrow 











Nucieated Cells 
Sorted Fractions (x 10°) % CFU-GM BFUe CFU-GEMM 

Patient No. 1 (BM) 

Unfractionated 1 (100) 481 464 åt 

alL2r negative 0.497 (49.7) 10 15 (6 

alL 2r positive 0.503 (50.3) 769 §92 24 
Patient No. 2 (BL) 

Unfractionated 1 (100) 704 319 47 

all. 2r negative 0.586 (58.6) 139 97 58 

all.2r positive 0.414 (41.4) 747 873 116 
Patient No. 3 (BL) 

Unfractionated 1 {100} 236 651 72 

all 2r negative 0.724 (72.4) 413 581 29 

all. 2r positive 0.276 {27.6} 143 561 87 
Normal bone marrow No. 1 

Unfractionated 1 (100) 256 ND ND 

all. 2r negative 0.891 (89.1) 215 127 ND 

all. 2r positive 0.109 (10.9) 4 1 ND 
Normal bone marrow No. 2 

Unfractionated 1 (100) ND 895 ND 

all. 2 negative 0.894 (89.4) 228 652 ND 

all. 2r positive 0.106 (10.6) 4 35 ND 





Cells of three CML patients and two normal subjects were first T cell depleted, then stained with the McAb alL2r and GAM/FITC and sorted into 
negative {channels 1 to 90} and positive channels 91 to 255) fluorescent populations. The fractions were cultured to assess the number of hemopoietic 


progenitors. Colony forming cells are expressed as absolute numbers. 
Abbreviations: BM, bone marrow; PB, peripheral blood; ND, not done. 


not require specific activating agents such as the lectin PHA 
or the phorbol ester TPA. This is a property that CML cells 
share with certain cases of AML, but which distinguishes 


Table 4. Effect of IL2 Receptor Blocking on CML Colony Growth 








them from T and B lymphocytes.'?” Frequently, IL2 recep- 
tor positivity appeared following incubation in medium not 
supplemented with inducers. Separation of 1L2 receptor 


Numbers of CFU-GM 
iper 10° Calls: %) 











positive and negative cells and their subsequent incubation in 
colony assays revealed that the majority of the hemopoietic 
progenitors (CFU-GM, BFUe, CFU-GEMM) express IL2 
receptors after induction (Table 3). Morphological analysis 
showed that the alL2r positive fractions mainly contained 
immature cells (blasts) and monocytes. 


Case 1 Case 2 
Cultures without addition * 52 125 71 
(100%) (100%) (100%) 
Cultures with all 2r McAbt 133% 89% 70% 
{receptor blocking} 
Cuitures with T6 McAbt 107% 88% 65% 


{no receptor blocking) 








Numbers of BFUe 
iper 10° Cells: %} 





Cultures without addition” 160 151 285 


(100%) {100%} = (100%) 

Cultures with all 2r McAbt 37% 27% 30% 
(receptor blocking) 

Cultures with T6 McAbt 70% 74% 81% 


{no receptor blocking) 
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Fig 2. Effect of IL2 on CML and normai marrow colony 


The addition of recombinant IL2 lin doses ranging from 50 to 500 


U/mL) concomitantly with the all. 2r produced no effect. 


*Colonies in nonsupplemented cultures are expressed as mean num- 


bers per 10° cells (triplicate cultures) and set at 100%. 


+Anti IL2 receptor McAb (2.5 g/mL} was added to the cultures and 


colony numbers expressed as percentage of control values (without 


formation in vitro (CFU-GM, BFUe). + IL2, 500 U/ml IL2 added to addition). 


the cultures: —1L2, no IL2 added; + HPCM, CFU-GM grown in an 


{Control McAb of the same ig subclass (T6, IgG1) (2.5 pg/ml.) was 


assay supplemented with 30% HPCM as the source of colony added to the cultures and colony numbers expressed as percentage of 
stimulating factor: ~ HPCM, no HPCM added. ©, CML {three cases); data from cultures without addition. 


W, normal bone marrow (four cases). On the Y axis the number of 
colonies per 10° cells (unfractionated) are plotted. 
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It is noteworthy that the sum of the recoveries of the 
colony-forming cells from the IL2 receptor positive and 
negative fractions exceeded the total numbers of the unfrac- 
tioned cell samples. This was true for CFU-GM and BFUe in 
all CML experiments and for CFU-GEMM in two of three 
experiments. The reason for the higher colony forming cell 
yields following cell separation has not been investigated, but 
could relate to the removal of inhibiting accessory cells from 
the IL2 receptor positive cell fraction. Support for this 
explanation comes, for instance, from cell separation studies 
on CFU-GEMM, BFUe, and CFU-GM, in which the 
removal of T cells and mature myeloid cells resulted in 
increased cloning efficiencies and elevated recoveries of 
hemopoietic progenitors.” The presence of IL2 receptors 
on a large portion of CML cells and particularly CML 
progenitors suggests a possible role for these receptors in cell 
proliferation. Normal bone marrow cells and progenitors 
completely lacked the capacity to express IL2 receptors 
under identical experimental conditions. The absence of IL2 
receptors on normal hemopoietic precursor cells, on one 
hand, and their expression on human AML and CML cells, 
on the other, would then suggest this phenotypic trait to be 
specifically related to the transformed status of the myeloid 
cells. 

Colony cultures for myeloid and erythroid precursors did 
not provide evidence for a function of IL2 as a growth factor 
in CML. The colony-forming efficiency of CFU-GM and 
BFUe in CML was essentially unchanged upon addition of 
1L2 under various conditions. Blocking the receptors with a 
IL2r McAb at a concentration that does suppress T cell, and 
B cell” colony growth did not exert any inhibitory effect on 
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CML myeloid colony formation. Although a slight reduction 
of BFUe growth was observed in the presence of the blocking 
alL2r McAb, this suppression was not reversed by adding 
high concentrations of IL2 (competing with the McAb for 
receptor binding) concomitantly to the cultures. Thus these 
studies do not provide positive indications for a functional 
role of IL2 receptors in CML cell proliferation. The fact that 
colony growth was not modified following exposure ef the 
cells to rIL2 or to alL2r could be in good agreement with the 
findings that virtually no high affinity receptors for IL2 were 
detectable on the CML cells. The question why IL2 receptors 
are typically inducible on AML cells and on CML hemo- 
poietic progenitors but not on normal bone marrow (precur- 
sor) cells is intriguing. For the time being, their potential 
pathophysiclogical role remains uncertain and requires fur- 
ther investigation. In future experiments the question should 
be addressed as to whether the IL2 receptors on CML cells 
are structurally of low affinity and whether certain in vitro 
conditions (eg, prestimulation with special growth factors) 
will permit their conversion to high affinity receptors. In the 
latter case, it will be of interest to further investigate the 
regulatory role of IL2 on the proliferation of CML clono- 
genic cells, in association with that of other stimuli. 
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The Isolation of Human Platelet Factor V 


By Robert W. Viskup, Paula B. Tracy, and Kenneth G. Mann 


Human platelet factor V has been isolated using either a 
monoclonal or polyclonal antibody directed against human 
plasma factor V. The largest peptide observed upon 
sodium dodecyl sulfate—polyacrylamide gel electrophoresis 
(SDS-PAGE) analysis of purified human platelet factor V 
comigrates with purified human plasma factor V. However, 
a significant portion of the isolated protein is represented 
by peptides of lower apparent molecular weight (M,). 
These lower M, species that copurify with platelet factor V 
have been shown to be platelet factor V components by 
their immunological cross-reactivity with monoclonal and 
polyclonal antibodies to purified human plasma factor V. 
Platelets isolated from whole blood drawn directly into 
inhibitors to prevent proteolysis and platelet activation 
demonstrate the pattern of fragmented platelet factor V. 
The components of purified platelet factor V demonstrate 
apparent M, ranging between 115 K and 330 K and are 


ACTOR V is a single-chain high—molecular weight (M,) 
plasma protein that is cleaved by thrombin to yield 
factor Va, the activated form of factor V. Factor V/Va has 
been shown to play an essential role in blood coagulation by 
its involvement in the prothrombinase complex that consists 
of factor Va, factor Xa, an appropriate membrane surface, 
and divalent metal ions.'* Although factor Xa alone can 
catalyze the cleavage of prothrombin to thrombin in solution, 
its incorporation into the prothrombinase complex yields an 
increase of 278,000-fold in the rate of thrombin generation. 
In vitro, phospholipid vesicles have been utilized as the 
surface which accelerates the conversion of prothrombin to 
thrombin catalyzed by prothrombinase,*’ whereas in vivo the 
platelet membrane is one surface where assembly likely takes 
place. +”? 

Plasma factor V/Va has been shown to be produced by 
perfused rat liver. ™!* Recently, our laboratory has demon- 
strated the de novo synthesis of factor V/Va in bovine aortic 
endothelium.'® Chiu et al” have reported its production in 
guinea pig megakaryocytes and Wilson et al'® have shown it 
to be synthesized in a human hepatocarcinoma cell line, Hep 
G2. The presence of factor V antigen in human megakaryo- 
cytes," platelets’? monocytes,’ and lymphocytes”! has 
been reported. Approximately 18% to 25% of the human 
factor V/Va found in whole blood is contained within the 
platelet.” Platelet factor V is released from the platelet upon 
activation by thrombin, although the amount of platelet 
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detectably different from the intermediates and end prod- 
ucts observed during the thrombin cleavage of single-chain 
plasma factor V. Upon treatment with thrombin the plate- 
let factor V components are cleaved and the end products 
are indistinguishable from those obtained upon thrombin 
activation of plasma factor V to plasma factor Va. Examina- 
tion of the components by immunoblotting demonstrates 
that some of the cleavages which have occurred in the 
platelet factor V molecule are within the 150-K activation 
peptide. Bioassay indicates that platelet factor V exists as 
a procofactor and cleavage by thrombin yields the active 
cofactor, platelet factor Va. These data suggest that 
human platelet factor V is stored in the platelet as a 
partially fragmented procofactor that can be activated by 
thrombin to yield human platelet factor Va, the active 
cofactor in the human prothrombinase complex. 

© 1987 by Grune & Stratton, inc. 


factor V/Va released is not sufficient to saturate the platelet 
with respect to its prothrombinase activity.” 

Morrison has reported that plasma factor Va may not be 
used in the platelet-dependent activation of prothrombin in 
plasma.” Recent work by this laboratory” indicates that the 
platelet provides an important pool of factor V/Va for in-vivo 
prothrombinase complex activity. We have identified a fam- 
ily with an inherited bleeding disorder, Factor V Quebec. 
The only functional abnormality evident was inactive plate- 
let factor V. Even though prothrombinase complex assembly 
and activity was completely normal in the presence of added 
purified clotting factors, this family exhibited a severe bleed- 
ing disorder. This not only points out the importance of 
platelet factor V in the hemostatic process but also raises the 
possibility that platelet factor V may be a different gene 
transcription product from plasma factor V. Another obser- 
vation that demonstrates the importance of platelet factor V 
in hemostasis has been reported by Nesheim et al.” In this 
instance a plasma factor V inhibitor reduced plasma factor V 
activity to < 1% of normal. Despite this apparent compromise 
of the hemostatic system, the subject did not bleed abnor- 
mally following surgical challenge. Normal platelets isolated 
from whole blood to which the purified antihuman factor V 
antibody had been added demonstrated no effect from expo- 
sure to the inhibitory antibody. These platelets, upon throm- 
bin stimulation, supported normal prothrombinase activity in 
the presence of exogenously added factor Xa and the inhibi- 
tor. This implies that the platelet factor V was protected 
from the inhibitory antibody and again implicates platelet 
factor V as playing a very important role in hemostasis. This 
recent evidence points to the possibility that even though 
platelet factor V is not the major pool of factor V present in 
the circulation, it may be the important species in vivo, We 
have undertaken this study to isolate and examine human 
platelet factor V. 


MATERIALS AND METHODS 


Reagents. Prostaglandin E, (PGE,), eamino-n-caproic acid 
(ACA), soybean trypsin inhibitor (STI), phenylmethylsulfony! 
fluoride (PMSF), diisopropyl fluorophosphate (DFP), N-ethyima- 
leimide (NEM), leupeptin, Protein A, thromboplastin, Triton X- 
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10G, and bovine albumin (essentially fatty acid free) (BSA) were 
purchased from Sigma, St Louis. Benzamidine HCI was obtained 
from Aldrich, Milwaukee; polyethylene glycol (PEG) 8,000 was 
from J.T. Baker Chemical, Phillipsburg, NJ; lodogen was from 
Pierce, Rockford, IL; sodium heparin (from beef lung, 10,000 USP 
units/mL) was from Organon, W Orange, NJ; rabbit antimouse IgG 
was from Cappel, Cochranville, PA; and normal mouse sera was 
from Pel-Freeze, Rogers, AR. QAE-cellulose was purchaed from 
Schleicher and Schuell, Keene, NH. All other reagents were of the 
highest analytical grade available. 

Proteins. Homogenous, single-chain human factor V was pre- 
pared utilizing a hybridoma antibody as previously described by 
Katzmann et al?’ with modifications as described by Litwiller et al.” 
Factor Va was prepared by the incubation of factor V with catalytic 
amounts of thrombin.” Bovine thrombin was prepared as described 
by Lundblad et al.™ 

251_Protein A and '*1-rabbit antimouse IgG were prepared by the 
Chloramine T method” or lodogen.” The radiolabeled proteins were 
separated from the other iodination products by chromatography on 
G-25 Sephadex. Mouse ascites were used as the source of murine 
monoclonal antibody directed against human plasma factor V. This 
antibody, designated «HFV-7, has been previously characterized by 
Foster et al’! and was shown to react with human plasma factor V 
but not human plasma factor Va. Recent work has shown that the 
epitope is contained within the activation peptide of M, 150,000 that 
has been designated component Cl, using the nomenclature sug- 
gested by Nesheim et al” for bovine factor V. 

A polyclonal antibody directed against human plasma factor 
V/Va was obtained from burro antisera previously described by 
Tracy et al.” IgG was prepared by precipitation with solid ammo- 
nium sulfate to 35% saturation followed by chromatography on 
DEAE-cellulose (10 mmol/L Tris, 40 mmol/L NaCl, pH 8.5). 
Normal burro IgG was purified in the same manner. These partially 
purified IgG fractions were subsequently used for immunoblotting. 
IgG specific for human plasma factor V was purified from the burro 
polyclonal antibody as described by Nesheim et al™* and covalently 
coupled to Sepharose to yield an antihuman plasma factor V 
immunoabsorbant. Briefly, partially purified burro polyclonal anti- 
human plasma factor V IgG was applied to a human plasma factor 
V-Sepharose column and the bound material (specific antihuman 
factor V IgG) was eluted with 3 mol/L NaSCN. The fractions 
containing factor V inhibitory activity were pooled, concentrated, 
and covalently coupled to CH-Sepharose 4B to yield a specific 
polyclonal antihuman plasma factor V immunoabsorbant to be 
subsequently utilized for the purification of platelet factor V. A 
nonimmune Sepharose column was also prepared by coupling nor- 
mal burro IgG to CH-Sepharose 4B and was used as a control 
immunoaffinity column. 

Factor V bioassay. A two-stage bioassay was used as previously 
described by Nesheim et al” using human factor V—deficient plasma 
prepared by immunoabsorption of whole plasma on antihuman 
factor V-Sepharose.** Factor V activity was determined by compar- 
ing the clot times with those obtained from a standard curve using a 
normal human plasma pool as the source of factor V, The ratio of the 
measured factor V activity after and before the intentional activa- 
tion by thrombin is termed the activation quotient and provides an 
estimate of the degree to which the factor V sample has been 
unintentionally activated. Activation quotients of greater than 20 
usually indicate a relatively minor amount of unintentionally acti- 
vated factor V in the sample. 

Platelet isolation. Fresh platelet rich plasma (PRP) was 
obtained from the American Red Cross Blood Center, Burlington, 
VT. Within approximately 25 minutes after beginning the phleboto- 
my, an inhibitor cocktail was added to the PRP (1 vol of inhibitor 
cocktail: 29 vol PRP) such that the final concentration of inhibitors 
was as follows: 5 mmol/L EDTA, 3.3 mmol/L benzamidine, | 


mmol/L ACA, 20 pg/mL STI, 10 pmol/L PMSF, 
heparin, 2.5 pmol/L PGE,, and 2 mmol/L NEM. Disopropyi 
fluorophosphate was subsequently added to a final concentration of 
1 mmol/L. All subsequent steps were performed at room tempera- 
ture using polypropylene tubes and pipettes. The PRP containing 
inhibitors was centrifuged at 190 x g for 15 minutes to remove red 
blood cell contamination evident in some of the Red Cross PRP. The 
PRP was then centrifuged at 1000 x g for 15 minutes to yield 
platelet poor plasma (PPP) and a platelet pellet. The platelet pellet 
was gently resuspended using a polypropylene pipette to approxi- 
mately 40% of the original volume of PRP in Orloff and Michaeli 
wash buffer (0.127 mol/L NaCl, 4 mmol/L KCI, 30 mmol/L 
glucose, 10 mmol/L NaH,PO,, and 0.35% BSA)" containing the 
inhibitors. The resuspended platelets were washed three times. 
Platelets were also isolated from blood drawn directly into inhibitors. 
Approximately 30 mL of blood was drawn using a 19-gauge infusion 
set directly into a syringe containing anticoagulant (1 vol acid- 
citrate-dextrose: 6 vol blood) and protease inhibitors as described 
above. The platelets were then isolated as previously described. 
Blood was also drawn and allowed to clot to yield normal serum. All 
blood collection accomplished for this research was reviewed and 
approved by the Vermont Human Studies Committee. 

Isolation of platelet factor V. Washed platelets were resus- 
pended to approximately 4 x 10° platelets/mL in Orloff and 
Michaeli wash buffer containing inhibitors but not BSA. In addition, 
leupeptin and DFP were added to final concentrations of 0.5 
mmol/L and | mmol/L, respectively. All platelet counts were 
performed using a ZM Coulter Counter (Coulter Electronics, Hia- 
leah, FL). 

Platelet lysates were prepared by the addition of Triton X-100 toa 
final concentration of 1% (vol/vol) followed by sonication. The 
sonication was repeated three times with one minute of sonication on 
ice followed by two minutes of cooling. The platelet lysate was then 
centrifuged at 18,000 x g for 20 minutes at 4°C. To the supernatant, 
which contained platelet factor V, an equal volume of buffer (25 
mmol/L Tris-HCl, 5 mmol/L CaCl, | mmol/L benzamidine, pH 
7.5), an equal volume of cold H,O. and a small amount of washed 
QAE-cellulose (~10 mL) were added as previously described for the 
purification of bovine and human plasma factor V.” The mixture 
was stirred in the cold for 30 minutes. The platelet factor V bound to 
the QAE-cellulose was eluted as previously described.” The frac- 
tions containing platelet factor V activity were pooled and applied to 
a nonimmune burro IgG Sepharose column (~2 mL bed volume. 
prepared as described) equilibrated with 0.3 mol/L NaCl, 20 
mmol/L imidazole, 5 mmol/L CaCl, | mmol/L benzamidine, pH 
6.5). The flowthrough from the nonimmune burro 1gG Sepharose 
column containing the platelet factor V activity was immediately 
applied to the specific burro polyclonal antihuman factor V immu- 
noabsorbant (~2 mL bed volume, prepared as described) equili- 
brated in the same buffer as the nonimmune column. The column 
was then washed until the Aygo reached baseline. The specific burro 
polyclonal antihuman factor V immunoabsorbant column was then 
washed with a minimum of 4 column volumes of 1.0 mol/L NaCl, 20 
mmol/L imidazole, 5 mmol/L CaCl, 1 mmol/L benzamidine, pH 
6.5, to remove nonspecifically bound protein, The absorbance of the 
eluant was monitored. After it reached baseline the bound human 
platelet factor Y was eluted with 4 column volumes of 3 mol/L 
NaSCN, Tris-Saline, pH 7.4. The eluted human platelet factor V 
was dialyzed versus 0.2 mol/L acetic acid and lyophilized to dryness. 
Washed platelets were also lysed by the addition of 10% hot sodium 
dodecyl sulfate (1 vol SDS:1 vol platelets) or made 50% in acetic 
acid, lyophilized, and subsequently subjected to SDS-polyacryl- 
amide gel electrophoresis (SDS-PAGE) followed by immunoblot- 
ting. 

Immunoblotting. After SDS-PAGE on Laemmli 5% to 13% 
slab gels,“ immunoblotting was performed as described by Towbin 
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et al.” Transfer of the proteins from the polyacrylamide gel onto the 
nitrocellulose was accomplished using 100 volts for five hours in a 
Transphor (Hoefer, San Francisco, CA), using cooling coils to keep 
the temperature of the buffer at approximately 8°C. After transfer, 
the nitrocellulose sheets were placed into 0.15 mol/L NaCl, 20 
mmol/L. Tris-HCI, pH 7.4 (Tris-Saline), containing 1% BSA and 
0.002% thimerosal to block nonspecific binding. Following transfer, 
the polyacrylamide gels were stained with Coomassie brilliant blue 
R to check for the completeness of transfer. Prestained high-M, 
standards were used to assist in visualizing the completeness of 
transfer and to allow calculation of the molecular weight of proteins 
on the nitrocellulose. 

Human plasma and platelet factor V/Va were visualized on the 
nitrocellulose by incubating the nitrocellulose with a primary anti- 
body (burro polyclonal antihuman plasma factor V or a murine 
monoclonal directed against human plasma factor V), followed by 
washing and incubation with either '**I-Protein A (used to visualized 
burro IgG) or '**l-rabbit antimouse IgG (used to visualize murine 
monoclonal IgG). Control immunoblots were performed using non- 
immune burro IgG or normal mouse serum followed by the appropri- 
ately radiolabeled protein. The unbound radiolabel was then washed 
off and the dried nitrocellulose subjected to autoradiography at 
-70°C using Kodak (Rochester, NY) XAR-S film with DuPont 
(Wilmington, DE) Cronex Lightning Plus intensifying screens. All 
primary antibodies and radiolabeled proteins were added in Tris- 
Saline, pH 7.4, containing 1% BSA and 0.002% thimerosal for three 
hours at room temperature. The washing consisted of one 10-minute 
wash with Tris-Saline, pH 7.4; one 20-minute wash with Tris-Saline, 
pH 7.4, containing 0.05% NP-40; and a 10-minute wash with 
Tris-Saline, pH 7.4. 


RESULTS 


Chromatographic identity of human platelet and plasma 
factor V. It has been shown previously using radioimmu- 
noassay that the burro antihuman factor V antibody recog- 
nizes both human plasma and platelet factor V/Va and 
exhibits no cross-reactivity with other plasma proteins.” 
Therefore, for the purification of human platelet factor V, 
conditions similar to those used for the purification of human 
plasma factor V were employed. Platelet lysate containing 
platelet factor V and PPP containing plasma factor V were 
isolated from PRP obtained from the American Red Cross to 
which inhibitors had been added as described. The plasma 
from the PRP was treated with BaCl, and PEG 8,000 as 
previously described for the purification of bovine and 
human plasma factor V.**?’ Both the plasma and platelet 
lysate were individually batch-absorbed to QAE-cellulose 
and subsequently eluted by the stepwise addition of 20 
mmol/L imidazole, 5 mmol/L CaCl, 1 mmol/L benzamid- 
ine, pH 6.5, containing (a) no NaCl, (6) 0.1 mol/L NaCl, 
and (c) 0.3 mol/L NaCl.’ The eluates were assayed for 
factor V activity and both the platelet and plasma factor V 
activity were eluted in step (c) above. The fractions contain- 
ing either platelet or plasma factor V activity were concen- 
trated by precipitation to 70% saturation with (NH,),SO, 
and redissolved in Tris-Saline, 5 mmol/L CaCl, pH 7.4. 
Both were diluted so the activity per milliliter was identical 
(6 units/mL). Approximately 12 units of platelet or plasma 
factor V activity were applied to a 1-mi bed-volume murine 
monoclonal] antihuman factor V immunoabsorbent column 
routinely used for plasma factor V purification.” The plate- 
let or plasma factor V activity was retained by the column. 
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The column was then washed and the bound plasma or 
platelet factor V activity was then eluted with 1.75 mol/L 
NaCl, 20 mmol/L Tris-HCI, 5 mmol/L CaCl, pH 7.4. 
Similar recoveries of the pooled peaks of plasma facter V 
activity (47%) and of the platelet factor V activity (49%) 
were observed as determined by factor V bioassay. When the 
0.3-mol/L NaCl eluates from the QAE-cellulose chromatog- 
raphy step containing either platelet or plasma factor V 
activity were applied to a nonimmune burro IgG Sepharose 
column used as a control, the factor V activity was not 
retained and was recovered in the column flowthrough. The 
application of partially purified platelet or plasma factor V to 
the specifie burro antihuman factor V Sepharose column also 
resulted in the binding of both factor V species. Since elution 
from the polyclonal antibody column was accomplished with 
3 mol/L NaSCN and Tris-Saline, pH 7.4, the bioactivity of 
the eluates from the specific burro antihuman factor V 
Sepharose column could not be determined. 

Purified human platelet factor V. Preliminary studies of 
human platelet factor V in platelet lysates demonstrated 
multiple bands when immunoblotted with the burro antihu- 
man factor V antibody. Immunoaffinity chromatography 
using a monoclonal antibody directed to a single epitope 
would selectively yield single-chain factor V and the limited 
number of fragments bearing the relevant epitope. The 
specific barro antihuman factor V antibody coupled to 
Sepharose was used to isolate platelet factor V in order to 
maximize the number of fragments purified. Table | shows 
three typical purifications of human platelet factor V after 
elution from QAE-cellulose. The activation quotient is 
approximately 20, indicating that the platelet factor V is 
activated by thrombin to platelet factor Va. This suggests 
that platelet factor V is stored as the procofactor and 
thrombin is able to activate the procofactor to platelet factor 
Va, the active cofactor in the prothrombinase complex. 

Figure | is a diagrammatic representation of the postu- 
lated intermediates and end products of the thrombin cleav- 
age of human plasma factor V observed in our laboratory.” 
The nomenclature is that used by Nesheim et al” for the 
cleavage pattern observed with bovine plasma factor V. This 
nomenclature will be utilized in referring to the human 
plasma factor V components. The apparent M, are those 
determined by this laboratory for human factor V/Va.” An 
M, of 150,900 was assigned to human activation peptide C1 
as this species demonstrates an increased M, on polyacryl- 
amide gels when compared to the bovine fragment Cl. 


Table 1. Purification of Human Platelet Factor V from 
QAE-Cellulose 


Specific Activity 








Platelet Total Activity* Activation 
Preparation Ara {Units} (Units /Azs0} Quotient 
1 29.0 91 3.14 26 
2 26.8 84 3.13 21 


3 32.2 129 4.01 18 





*Activity was measured with factor V-deficient plasma after activa- 
tion by thrombin. 

Ratio of activity after and before activation. Platelet lysate was 
batch-absorbed as described and the platelet factor V activity eluted with 
0.3 mol/L NaCl, 20 mmol/L imidazole, 5 mmol/L, CaCi,, 1 mmol/L 
benzamidine, pH 6.5. 
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Fig 1. A model of the proposed major intermediates and end 
products of thrombin-catalyzed activation of human plasma factor 
V. The nomenclature and sequence alignment are taken from that 
used previously for bovine plasma factor V.” and the molecular 
weights are those determined by this laboratory for human plasma 
factor V and its thrombin-catalyzed cleavage products.” 


Components D and E are assigned the same M, as their 
bovine counterparts. Even though the human NH, terminal 
component D demonstrates an M, of greater than 94,000 on 
reduced SDS-PAGE, preliminary determinations using ana- 
lytical ultracentrifugation gives an M, of approximately 
94,000 for human component D (Jenny and Mann, unpub- 
lished data). 

Figure 2A illustrates an immunoblot of purified human 
plasma factor V, purified human plasma factor V activated 
with thrombin, and three different preparations of purified 
human platelet factor V. The primary antibody was burro 
antihuman factor V, which recognizes both human plasma 
factor V. factor Va, and the factor V fragments. The purified 
human platelet factor V lanes reveal numerous components. 
The largest molecular weight component comigrates with 
purified plasma factor V (M, 330,000). However, the lower- 
M, components do not correlate with any of the thrombin or 
factor Xa activation intermediates” or with products of 
cleaved human plasma factor V/Va. The band at M, 190,000 
is slightly smaller than component B and the two bands 
migrating with M, similar to component C1 (155,000 and 
140,000) are slightly larger and smaller, respectively, than 
component C1. 

Quantitative immunoblot analysis of the band intensities 
can be misleading due to the fact that when immunoblotting 
with a polyclonal antibody, some of the lower-M, forms of 
factor V may be recognized more easily than the intact 
single-chain molecule, making the low-M, components 
appear to constitute a disproportionately larger percentage 
of the total. Also, as '*I-Protein A or '**I-rabbit antimouse 
IgG was used to visualize the immunoblots, some of the 
components which exist at the highest concentration would 
relatively overexpose the film so that the minor bands could 
be visualized. This would cause a minor component to appear 
to constitute a larger percentage than it actually does. 


Fig 2. Immunoblot of purified human plasma and 
human platelet factor V. In (A) the primary antibody was 
burro antihuman factor V followed by ‘*I-Protein A. The 
primary antibody in (B) was a murine monoclonal to ci 
human plasma factor V (aHFV-7) followed by 12 rabbit D 
antimouse IgG. The samples in the various lanes are the E 
same in both panels. Lanes: (a) Purified human plasma 
factor V, 200 ng; (b) purified human plasma factor V, 200 
ng. activated with thrombin to yield human plasma factor 
Va and the activation peptides; (c) purified human plasma 
factor V. 100 ng; (d) purified human plasma factor V, 100 
ng, activated with thrombin to yield human plasma factor 
Va and the activation peptides; and (e through g) three 
different preparations of purified human platelet factor V 
(~4 ug). 
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Figure 2B represents an immunoblot of the same samples; 
however, for this analysis the primary antibody was a murine 
monoclonal antibody against human plasma factor V 
(@HFV-7) which has been shown to recognize plasma factor 
V but not plasma factor Va.” From the immunoblot it is 
evident that this monoclonal antibody recognizes single- 
chain plasma factor V (M, 330,000) and the activation 
fragment C1 of thrombin-activated plasma factor V. This 
antibody recognizes a component in purified platelet factor V 
which comigrates with single-chain plasma factor V 
(330,000), a band at 190,000, and two smaller bands at 
125,000 and 115,000. Note that the two bands of 155,000 
and 140,000 evident in blotting with the burro antihuman 
factor V antibody are not evident, demonstrating that they 
are not related to component C1. Immunoblotting analysis 
using monoclonal and polyclonal antibodies to human 
plasma factor V thus illustrates that factor V purified from 
platelets is largely fragmented. 

Visualization of factor V in platelets isolated directly into 
inhibitors. There was an interval of approximately 25 
minutes between the start of phlebotomy by the American 
Red Cross and the addition of the inhibitors. The presence of 
multiple components in the purified platelet factor V prepa- 
rations indicated the existence of substantial proteolytic 
cleavage of the single-chain high-M, platelet factor V mole- 
cule even in the presence of numerous inhibitors. In order to 
assess whether extensive proteolysis of platelet factor V 
might be occurring prior to the addition of inhibitors, plate- 
lets were isolated from blood drawn directly into inhibitors 
and the extent of proteolysis of their platelet factor V was 
examined, 

Washed platelets from blood drawn directly into inhibitors 
were lysed with hot detergent (SDS) or glacial acetic acid 
and subjected to SDS-PAGE followed by immunoblotting. 
Figure 3 demonstrates that platelet factor V is fragmented, 
even though the blood is drawn directly into inhibitors and 
the inhibitors are present throughout the entire washing and 
lysing procedure. The fragments of platelet factor V seen in 
the lysed platelets are the same as the fragments seen in the 
purified preparations of platelet factor V. Increasing the 
concentration of inhibitors by an order of magnitude had no 
effect on the fragmentation pattern seen on the immunoblots. 
Plasma from the same individual shows the major species of 
plasma factor V being component A, intact factor V at M, 
330,000. Serum was also made at the same time with no 
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inhibitors present and upon immunoblotting demonstrates a 
band which comigrates with the major immunoblotted band 
evident in thrombin-activated human factor V (component 
C1, the large activation peptide, M, 150,000). 

The possibility that the protease inhibitors were not inhib- 
iting the cleavage of platelet-associated factor V during the 
lysis of the platelets was examined. Human plasma factor V 
and the various thrombin generated intermediates were 
mixed and radioiodinated. A mixture of factor V, its high-M, 
intermediates, and the factor Va subunits was chosen in 
order to detect proteolysis of any single component. The 
131.factor V(Va) mixture was incubated with washed plate- 
lets (2 x 10°) that were isolated and washed in the presence 
of the inhibitor cocktail detailed in Materials and Methods. 
Following the various incubations detailed below, the '™I- 
factor V(Va) mixture and lysed platelets were subjected to 
SDS-PAGE followed by autoradiography. Figure 4 illus- 
trates the results of this experiment. Lane a depicts the 
'51-factor V(Va) mixture added to the buffer containing 
inhibitors followed by the addition of an equal volume of 
boiling 10% SDS. Lane b depicts the same '**I-factor V(Va) 
mixture added to washed platelets followed by the addition of 
an equal volume of boiling 10% SDS. Lane c depicts the 
lysing of platelets by boiling 10% SDS followed by the 
addition of the 'I-factor V(Va) mixture. The '**I-factor 
V(Va) mixture was also added to platelets and the platelets 
lysed by the addition of Triton X-100 to a final concentration 
of 1%. After five minutes (lane d), 10 minutes (lane e), and 
15 minutes (lane f), the incubation was terminated by the 
addition of boiling SDS. There is no discernible difference in 
the '*I-factor V(Va) mixture when added to platelets lysed 
with either boiling SDS or Triton X-100 followed by boiling 
SDS. Identical results were obtained when platelets were 
lysed by the addition of glacial acetic acid (50% vol/vol). 
These results indicate that the protease inhibitors present are 
inhibiting any additional cleavage of the factor V which 
might occur during platelet lysis. 

Thrombin activation of isolated platelet factor V. The 
procofactor nature of the fragments seen in the platelet 
factor V preparation was examined. Plasma factor V is 
cleaved by thrombin to yield the active cofactor which 
functions in the prothrombinase complex, factor Va. The 
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Fig 3. Immunoblot of human platelets drawn directly 
into protease inhibitors and washed as described. The 
primary antibody was burro antihuman factor V followed 
by “*I-Protein A. Lanes: (a) human serum (7.5 uL); (b) 
human plasma (7.5 uL); (c) washed platelets (5 = 10’ 
platelets) lysed with detergent (SDS); and (d) washed 
platelets (5 x 10’ platelets) lysed with glacial acetic-acid. 


partially purified platelet factor V after the QAE-cellulose 
chromatography step demonstrated activation quotients* of 
18 to 26 showing that platelet factor V, the procofactor, was 
in fact activated to Va, the cofactor, by thrombin. The ability 
of thrombin to cleave plasma factor V to its active cofactor is 
retained even when plasma factor V is bound to the mono- 
clonal antibody column routinely used for its isolation." A 
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Fig 4. Autoradiography of a ‘*I-human factor V(Va) mixture 
incubated with washed platelets. A mixture of '*I-factor V and Va 
was added to washed platelets (2 x 10°) which were collected, 
isolated, and resuspended in protease inhibitors. Following the 
protocols detailed below for each lane the *-factor V(Va) mix- 
ture was subjected to SDS-PAGE followed by autoradiography. 
Lanes: (a) ‘*I-factor V(Va) mixture plus 10% boiling SDS; (b) 
*\_factor V(Va) mixture and platelets followed by the addition of 
10% boiling SDS to effect platelet lysis; (c) platelets plus 10% 
boiling SDS followed by the addition of the 'I-factor V(Va) 
mixture; (d through f) '*I-factor V(Va) mixture plus platelets 
which were lysed by the addition of Triton X-100 (1% final 
concentration) and incubated at room temperature for 5, 10. and 
15 minutes respectively, prior to the addition of 10% boiling SDS. 
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similar approach was used to examine the activation prod- 
ucts of platelet factor V. Following the elution of platelet 
factor V from QAE-cellulose with 0.3 mol/L NaCl, the 
preparation was then divided into two parts. Both were 
applied to separate specific burro antihuman factor V Sepha- 
rose columns (~1-mL bed volume, prepared as described). 
One column was washed and the platelet factor V eluted as 
the procofactor with 3 mol/L NaSCN, Tris-Saline, pH 7.4 
as described. The other column was washed with 1.0 mol/L 
NaCl, 20 mmol/L imidazole, 5 mmol/L CaCl, | mmol/L 
benzamidine, pH 6.5 and then equilibrated with Tris-Saline, 
5 mmol/L CaCl,, pH 7.4. Thrombin was added to the 
column (3 U/mL), the flow stopped, and the column allowed 
to remain at room temperature for 30 minutes. The throm- 
bin-cleaved platelet factor V was then eluted with 3 mol/L 
NaSCN, Tris-Saline, pH 7.4. The fractions were dialyzed v 
0.2 mol/L acetic acid, lyophilyzed, and subjected to SDS- 
PAGE followed by immunoblotting. 

Figure 5 is an immunoblot of purified human plasma 
factor V showing a time course of isolated human plasma 
factor V activated by thrombin, purified human platelet 
factor Y, and purified human platelet factor V activated by 
thrombin. The lanes containing the time course of plasma 
factor V activation by thrombin (lanes b through e) show the 
disappearance of the single-chain high-M, factor V molecule 
(component A, M, 330,000); the appearance and disappear- 
ance of component B, an intermediate; and the appearance of 
the final end products, component C1 (M, 150,000), the 
larger activation peptide, and components D and E which 
constitute the active cofactor, factor Va. Fragment E is hard 
to see in the blot because the specific burro polyclonal 
antihuman factor V antibody does not detect fragment E 
well. The lane containing purified platelet factor V (lane f) 
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Fig5. Immunoblot of purified human plasma factor V, purified 


human plasma factor V incubated with thrombin for various times, 
purified human platelet factor V, and purified human platelet 
factor V incubated with thrombin. The primary antibody was burro 
antihuman factor V followed by '*I-Protein A. Lanes: (a) Purified 
human plasma factor V (650 ng); (b through e) purified human 
plasma factor V (650 ng) incubated with thrombin for 10 seconds; 
30 seconds, 60 seconds, and 15 minutes, respectively; (f) purified 
platelet factor V (4 ug): and (g) purified platelet factor V (4 ug) 
incubated with thrombin as described. 
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contains a component similar to component B; however, it 
demonstrates a slightly lower mobility. Although the appear- 
ance of component C1 is very evident in the thrombin- 
activated plasma factor V (lanes b through e), there is no 
corresponding component evident in the purified platelet 
factor V (lane f). The two bands migrating in that vicinity in 
purified platelet factor V (lane f) demonstrate M, of 155,000 
and 140,000 and are slightly larger and slightly smaller than 
component Cl. However, when platelet factor V is treated 
with thrombin (lane g) a component equivalent to plasma 
component C1 is evident from both immunological and M, 
evaluation. The purified platelet factor V (lane f) demon- 
strates no bands comigrating with components D and E, the 
two polypeptides that constitute factor Va, the active cofac- 
tor. Thrombin-activated platelet factor V (lane g) contains a 
platelet component D and a platelet component E. Therefore, 
even though the purified platelet factor V is partially frag- 
mented, it is still activated by thrombin from the inactive 
procofactor to the active cofactor, platelet factor Va. 


DISCUSSION 

Our results demonstrate that purified human platelet 
factor V can be seen to exist as a single-chain high-M, entity 
that comigrates with purified human plasma factor V. Also 
evident are numerous components identified as arising from 
platelet factor V by their antigenic cross-reactivity with both 
polyclonal and monoclonal antibodies to human plasma 
factor V. Previous work by this laboratory has demonstrated 
immunological similarity between platelet and plasma factor 
V using radioimmunoassay” and immunofluorescent stain- 
ing of human platelets and megakaryocytes.” Both the 
single-chain high-M, human platelet factor V molecule and 
the lower-M, components are recognized by thrombin and 
are cleaved to yield products which appear to be identical to 
those derived from human plasma factor V after cleavage by 
thrombin. 

Partially purified human platelet factor V when treated 
with thrombin demonstrates an increased activity in the 
prothrombinase complex as seen by activation quotients of 
18 to 26. This is equivalent to what we find for partially 
purified preparations of human plasma factor V, indicating 
that human platelet factor V exists as a procofactor. Our 
laboratory has observed that factor V synthesized by cul- 
tured bovine aortic endothelial cells is largely fragmented.'® 
The bovine aortic endothelium factor V also exists as the 
procofactor, even though partially fragmented, and treat- 
ment with thrombin yields the active cofactor. Upon treat- 
ment with thrombin, the endothelial cell factor V fragments 
give rise to end products which appear identical to those 
observed upon thrombin activation of purified single-chain 
plasma factor V. Chiu et al” have recently reported the 
isolation of guinea pig megakaryocyte factor V. Their results 
indicate that guinea pig megakaryocyte factor V exists as a 
single-chain high molecular weight entity. We have not been 
able to obtain single-chain platelet factor V as a major 
fraction of factor V from platelets isolated from blood 
collected directly into inhibitors and immediately lysed with 
either detergent (SDS) or glacial acetic acid. These data 
indicate that the platelet factor V appears to be stored in 
platelets as a partially fragmented procofactor that can be 
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activated by thrombin to the active cofactor, platelet factor 
Va. Alternatively, the platelet factor V may be partially 
cleaved by intracellular platelet proteases while the platelets 
are being collected and washed, even though protease inhibi- 
tors are present throughout the collection and wash. The 
inhibitors were present external to the platelet membrane 
during the wash, so if there is any proteolysis of platelet 
factor V by intracellular proteases we are unable to prevent 
its occurrence until after the platelets are lysed. Even plate- 
lets lysed with SDS or glacial acetic acid show that some of 
their platelet factor V exists as fragments. The inhibitors 
utilized were chosen based upon our previous experience in 
isolating both human and bovine plasma factor V and the 
recently published isolation of guinea pig megakaryocyte 
factor V.” Ethylenediamine tetraacetic acid (EDTA), 
NEM, and leupeptin were added to inhibit the calcium- 
activated neutral protease found in platelets.“ 
Examination of platelet factor V with an activation pep- 
tide (component Cl)—specific monoclonal antibody reveals 
fragments of M, >150,000 in the preparation of purified 
platelet factor V. Also evident are components smaller than 
component C1 with M, of 125,000 and 115,000. This obser- 
vation indicates that some of the cleavages of platelet factor 
V are occurring within the activation peptide region. This 
observation agrees with that of Kane et al” that lysed human 
platelets contain a protease which cleaves exogenously added 
human plasma factor V. They determined that some of the 
cleavages were occurring in the activation peptide region 
(fragment Cl) and concluded that the activation peptide 
region of plasma factor V might be susceptible to proteolytic 
cleavage. These data correlate with the ability of partially 
purified platelet factor V to be activated by thrombin even 
though the platelet factor V has been partially cleaved. 
Osterud et al? have previously suggested that platelets 
contain an enzyme which will activate platelet factor V. 
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They also proposed that the factor V released from platelets 
already exists as the active cofactor, factor Va. Osterud et 
al? and Vicic et al® have reported that the factor V activity 
released after platelet lysis was not increased when incubated 
with thrombin, indicating that the platelet factor V existed as 
the cofactor, platelet factor Va. These investigators isolated 
platelets in the absence of protease inhibitors, and after 
lysing their platelets by either freeze-thawing or by the 
addition of Triton X-100, they saw only a slight increase in 
the bioassayable factor V activity after the addition of 
thrombin. In contrast to those data and in agreement with 
ours, Kane et al“ and Chesney et al“ have found that most 
of the platelet factor V is stored as the procofactor and the 
addition of thrombin causes an increase in the released 
platelet factor V activity. These investigators" have reported 
that the soluble fraction of platelets contains a protease that 
can partially activate purified factor V. They have shown 
that the platelet factor V released from platelets is released 
as the procofactor. This points out the importance of inhibit- 
ing the endogenous proteases that may act upon platelet 
factor V when factor V is released from the platelets or the 
platelets are lysed. 

We have taken care to attempt to isolate and lyse our 
platelets in the presence of a substantial number of various 
protease inhibitors. Even so, our purified platelet factor V is 
seen to exist partially fragmented. When platelets are col- 
lected directly into inhibitors, washed, and then lysed with 
SDS or glacial acetic acid keeping inhibitors present 
throughout, the platelet factor V is still partially fragmented. 
Many of the cleavage products observed by Kane et al” 
appeared to be the result of peptide bond cieavage in the 
component C1 region of the factor V molecule. The possibil- 
ity thus exists that the protease they observed may be 
responsible for the partial fragmentation we see in platelet 
factor V. 
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Further Studies of the Secretory Pathway in 
Thrombin-Stimulated Human Platelets 


By James G. White and Marcy Krumwiede 


The pathway followed by secretory products stored in 
platelet alpha granules during the release reaction remains 
controversial. Tannic acid has been used in the present 
study as an electron-dense stain to follow the secretory 
process in thrombin-stimulated platelets. Preliminary 
experiments demonstrated that tannic acid precipitates 
fibrinogen, and binds osmium tetroxide to fibrinogen and 
fibrin strands. Examination of platelets fixed at short 
intervals after exposure to thrombin and incubated in 
solutions containing tannic acid revealed electron-dense 
deposits of osmium not apparent in resting platelets. 
Granules and lumina of channels making up the open 
canalicular system (OCS) were unstained in discoid cells. 
However, exposure to thrombin at concentrations of 1 to 5 
U/mL for thirty seconds or more resulted in intense 


HE PROCESS OF PLATELET secretion has been a 
subject of interest since the release reaction was first 
described.'* Early studies identified a system of tortuous, 
interconnected canaliculi in resting platelets** that appeared 
to serve as conduits for the discharge of storage granule 
products during secretion.’* A simlar conclusion regarding 
the role of the open canalicular system (OCS) was reached in 
a study that demonstrated fibrin strands in the channel 
system of platelets activated by thrombin in the presence of 
EDTA 
More recent investigations, however, have questioned the 
process of platelet secretion proposed in the early studies. 1? 
Ginsberg et al used immunofluorescence with monoclonal 
antibodies to granule products and electron microscopy to 
follow the secretory process in thrombin-stimulated human 
platelets.'*!? Results obtained in their studies suggested that 
centrally concentrated granules fused together to form closed 
sacs that migrated to platelet surfaces. attached to the cell 
wall, and discharged contents to the outside. The findings 
appeared to confirm other work emphasizing the develop- 
ment of vacuoles in thrombin-stimulated platelets.'*'* Other 
agents, such as phorbol myristate acetate’’ and the synthetic 
diglyceride, oleoylacetyl glycerol, which cause secretion 
without platelet internal transformation, also stimulate 
vacuole formation in platelet cytoplasm. 
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Staining of alpha granules by osmium. Some granules 
communicated directly with dilated channels of the OCS, 
and several were frequently connected to the same 
canaliculus. The electron-dense substance in swollen gran- 
ules and channels appeared to be in the process of extru- 
sion through narrow or dilated openings of the OCS onto 
the platelet surface. Granule-to-granule fusion and forma- 
tion of sealed vacuoles of fused granule products unstained 
by tannic acid-osmium were not observed. The findings 
support the concept that secretion by stimulated human 
platelets results from development of direct communica- 
tions between granules and channels of the OCS and 
subsequent extrusion of products through channel pores to 
the surrounding medium. 

® 1987 by Grune & Stretton, Inc. 


Investigations of bovine platelets have also weakened 
arguments favoring a central role for the OCS in platelet 
secretion. Bovine platelets have been shown to secrete the 
same granule-based products as human cells, ? However, 
Zucker-Franklin et al have shown that cattle platelets are 
virtually devoid of an open canalicular system.” Because of 
the basic similarity in the secretory response of human and 
bovine cells, they questioned the role of the OCS in the 
release reaction of either cell type. 

The present study has reexamined the hypothesis that the 
OCS serves as the secretory pathway during the release 
reaction of human platelets. Tannic acid, often used as an 
electron dense stain,”' was found to precipitate fibrinogen. 
Acting as a mordant, taanic acid selectively deposited osmic 
acid on fibrin and possibly other products involved in the 
process of extrusion from granules to channels and from the 
OCS through pores in the surface to the exterior of platelets 
stimulated by thrombin. 


MATERIALS AND METHODS 
General 


Blood for this study was obtained from well-characterized normal 
donors after informed consent. Samples obtained by venipuncture 
were mixed immediately with citrate-citric acid—dextrose, pH 6.5 
(93.0 mmol/L sodium citrate, 7.0 mmol/L citric acid, and 140 
mmoi/L dextrose) in a ratio of 9 parts blood to | part anticoagu- 
lant.” Platelet-rich plasma (C-PRP} was separated from whole 
blood by centrifugation at 100 g for 20 minutes at room tempera- 
ture. 


Preparation of Washed Platelets 


Samples of C-PRP were combined with an equal volume of the 
citrate anticoagulant and centrifuged at 400 g for 15 minutes at 
20°C to pellets.” Supernatant was discarded and replaced with 
Hank's balanced salt solution (HBSS) containing either 0.1 mol/L 
EDTA or adenosine (5 mmol/L) and theophylline (3 mmol/L). 
After 30 minutes at 37°C, the pellets were resuspended in the wash 
solution. The procedure was repeated twice and the platelets resus- 
pended in HBSS with or without 0.i mol/L EDTA at a final 
concentration of S x 10°/mL. The washed suspensions were main- 
tained in the 37°C water bath until used in specific experiments. 
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Reagents 


Bovine thrombin and purified human fibrinogen were obtained 
from Sigma (St Louis). Reagent grade tannic acid was purchased 
from Mallinckrodt Chemical Company (St Louis). The reagents 
were dissolved in cacodylate buffer adjusted to a pH of 7.2. 


Experimental Studies 


Thrombin and PRP. Samples of C-PRP were fixed for study in 
the electron microscope before and after exposure to thrombin 
according to methods described previously.” Fixation was accom- 
plished by combing the sample at the selected time with an equal 
volume of 0,1% glutaraldehyde in White's saline (a 10% solution of a 
1:1 mixture of fa] 2.4 mmol/L NaCl, 0.1 mmol/L KCI, 46 mmol/L 
MegSo,, 64 mmol/L Ca(No;),, 4H,O and [b] 0.13 mol/L 
NaHCO, - 8.4 mmol/L NaH,PO, and 0.1 g/L of phenol red, pH 
7.4).77"* After 15 minutes the samples were centrifuged to pellets 
and the supernatant fixative was removed and replaced with 3% 
glutaraldehyde in the same buffer. The samples resuspended in the 
second aldehyde fixative were maintained at 4°C for 30 minutes, 
then sedimented to pellets. Supernatant was removed and replaced 
with either 1% osmic acid in Zetterquist’s buffer or 1% osmic acid in 
distilled water containing 1.5% potassium ferrocyanide for one hour 
at 4°C.” 

Tannic acid has been used in our previous studies as an electron- 
dense stain for the open canalicular system of human platelets.°°"' In 
the present study the method modified from the procedure reported 
by Somlyo”? was used to stain the secretory pathway of human 
platelets. C-PRP and cells washed and resuspended as described 
above and exposed to thrombin in the presence or absence of EDTA 
were fixed initially with 0.2% glutaraldehyde in White's saline 
followed by sedimentation to a pellet, removal of the supernatant, 
and replacement with 3% glutaraldehyde in the same buffer for two 
hours at 4°C. After completion of the initial fixation steps, pellets 
were washed three times and stored overnight in 0.1 mol/L cacody- 
late buffer, pH 7.2. The buffer was decanted the following day and 
replaced with 2% tannic acid in 0.1 mol/L cacodylate buffer, pH 7.2 
for four hours at room temperature. The supernatant was decanted, 
the pellets washed in cacodylate buffer and the samples postfixed in 
2% osmic acid alone or combined with 1.5% potassium ferrocyanide 
for two hours at 4°C. 

The system used in previous studies into effects of thrombin on 
PRP was employed in the present investigation“? Thrombin at a 
final concentration of 0.4 or 1.0 U/mL was combined with | mL of 
C-PRP inverted once and left in the 37°C water bath without further 
stirring, At intervals of 15, 30, and 45 seconds and one, three, and 
five minutes, samples were fixed as described above. 

Thrombin and washed platelets. Suspensions of washed plate- 
lets in the presence or absence of EDTA were combined with 
thrombin, inverted once, and allowed to stand at 37°C without 
further stirring until fixed at the selected interval. Thrombin was 
added to | mL of suspension for 15, 30, and 45 seconds, and one, 
three, and five minutes at final concentrations of 1, 3, and 5 U/mL. 
Fixation was accomplished in the presence or absence of tannic acid 
as described above. 

Tannic acid and fibrinogen. Preliminary studies into effects of 
thrombin on platelets in C-PRP had suggested that tannic acid acted 
selectively on fibrinogen and fibrin, resulting in the subsequent 
deposition of osmium as a dense stain. To examine this possibility, 
samples of platelet-poor plasma (PPP) and solutions of purified 
fibrinogen (250 ue/mL) were combined with equal volumes of 2% 
tannic acid in cacodylate buffer, pH 7.2. Precipitates that formed in 
both systems were fixed for study in the electron microscope. Other 
samples of PRP and PPP as well as solutions of fibrinogen were 
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treated with thrombin (1 U/mL) and subsequently fixed in the 
presence of tannic acid as described above. 


Final Preparation for Electron Microscopy 


All samples were dehydrated in a graded series of alcoho! and 
embedded in Epon 812. Thin sections cut from the plastic blocks on 
an ultramicrotome were examined unstained or after staining with 
uranyl acetate and lead citrate to enhance contrast. Examination 
was carried out in a Philips (Mahwah, NJ) 301 electron micro 
scope. 


RESULTS 
Unstimulated Platelets Stained with Tannic Acid 


The morphology of well-preserved, resting human plate- 
lets has been described in detail in previous publications.°™ 
Resting cells have a characteristic lentiform appearance 
supported by a circumferential microtubule coiled under the 
cell surface along its greatest circumference (Fig 1). Chan- 
nels of the OCS are continuous with the cell surface and form 
a tortuous, interconnecting lattice of canaliculi throughout 
the cell. Under the conditions used in this study, tannic acid 
combines with the exterior coat of the platelet membrane and 
acts as a mordant to preferentially deposit osmic acid as an 
electron-dense stain. As a result, the surface of the platelet 
and channels of the OCS are clearly delineated by dense 
lines. The lumina of the OCS channels are unstained in the 
resting platelet. 


Interaction of Tannic Acid with Fibrinogen and Fibrin 


Newly formed and well-developed fibrin strands together 
with the heavy precipitate around and between platelets in 
samples of C-PRP exposed to thrombin were intensely 
stained by osmium (Fig 2A). This finding suggested that 
tannic acid might selectively, though not exclusively, react 
with fibrinogen and fibrin. Thin sections of tannic acid- 
induced precipitates formed in PPP and solutions of fibrino- 
gen revealed intense osmium staining of amorphous and 
fibrillary material. Fibrin strands formed after addition of 
thrombin to the fibrinogen solution and subsequently stained 
with tannic acid during fixation revealed the same selective 
deposition of osmium on fibrin strands as observed in PRP 
and PPP (Fig 2B). Platelets from washed preparations 
exposed to thrombin in the presence or absence of EDTA 
contained fibers identical in appearance to those formed in 
PRP, PPP, or fibrinogen solutions in swollen granules and 
channels of the OCS (Fig 3). 


Thrombin-Stimulated Platelets 


Samples of C-PRP and washed human platelets stimu- 
lated by thrombin in the presence of EDTA develop dramatic 
changes in their morphology. The cells lose their lentiform 
appearance, become irregular in form, extend numerous 
pseudopods, and aggregate in the absence of EDTA. At 0.4 
U/mL of thrombin, platelet organelles become concentrated 
in cell centers and enclosed within rings of constricted 
microtubules. Higher concentrations of thrombin (1 U/mL) 
cause rapid discharge of granule contents and reduction in 
their number. As a result, dense spots of actomyosin in which 
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Fig 1. Cross-section of discoid platelet from sample of C-PRP stained with tannic acid (TA) during fixation with glutaraldehyde (glut) 
followed by osmic acid (OsA). Circular profiles of the microtubule (MT) coils supporting discoid shape are evident at each pole of the cell. 
Tannic acid has acted as a mordant to deposit osmic acid in the exterior coat covering the exposed surface and channels of the open 
canalicular system (OCS). The OCS forms a network of interconnected channels stretching from one side of the platelet to the other. 
Granules (G) and a mass of glycogen (Gly) particles are evident in the cytoplasm. Magnification x 20,000. Fig 2. (A) Fibrin strands in a 
sample of C-PRP fixed five minutes after incubation with 0.2 U/mL thrombin. Tannic acid has combined with the fibrin strands and with 
osmic acid, resulting in intense staining of the fibers. Typical periodic cross-striations (1) are evident (fixation: Glut-TA-OsA). 
Magnification x 40,000. (B) Fibrin strands formed in sample of purified fibrinogen one minute following exposure to thrombin at 1 U/mL. 
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centrally concentrated organelles are enclosed in less acti- 
vated platelets appear more prominent in strongly stimulated 
cells. 


Tannic Acid Staining of Thrombin-Stimulated PRP 


Tannic acid-stained platelet aggregates from C-PRP were 
identica! in appearance to unstained control aggregates, 
except for the presence of osmium black precipitate. Amor- 
phous black material surrounded the aggregates and was 
deposited between the cells (Figs 4 and 5). Electron-dense 
materia! was also present in normal-sized and swollen gran- 
ules in many platelets. Connections between channels and 
granules and direct communication between canaliculi and 
the surrounding plasma were evident. Cytoplasmic struc- 
tures including mitochondria, granules, glycogen deposits, 
and microtubule coils were well-preserved in the aggregated 
cells. 





Tannic Acid Staining of EDTA Washed Platelets 


Amorphous precipitate was not present outside the throm- 
bin-activated cells from samples of washed platelets resus- 
pended in the presence of EDTA, and aggregates were 
absent. The platelets, however, revealed the same physical 
changes observed in thrombin-aggregated cells from PRP 
(Figs 6 through 12). Many granules were stained intensely 
by tannic acid—-osmium. Other granules were swollen and 
their content of amorphous stained material appeared 
diluted (Fig 8). Channels of the OCS were also delineated by 
electron-dense stain. Some channels were tortuous and nar- 
row and contained little tannic acid. Others were filled by 
electron-dense material and widely dilated. Communications 
betwees granules and OCS channels were evident in many 
platelets (Figs 6 through 8, 10). The connection appeared to 
foster swelling of the granule and dilatation of the channel so 
that recognition of the site of fusion was often obscured. 
More than one granule was frequently in communication 
with the same OCS channel (Figs 7 and 8). This relationship 
frequently resulted in extensive dilatation of the OCS and 
granules fused to it. Occasionally channel openings onto the 
surface were dilated, but more often remained constricted as 
in resting platelets. 

Communications between channels of the OCS and sur- 
face membrane in washed platelets exposed to thrombin in 
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the presence of EDTA were identical in appearance to those 
observed in thrombin-aggregated cells from C-PRP. Some 
channels were dilated immediately under the cell membrane, 
while others remained narrow for considerable distances in 
the cytoplasm. Many were connected to other canaliculi and 
to granules. Occasionally a single channel opened in more 
than one place onto the surface membrane of an activated 
platelet (Figs 10 through 12). The electron-dense material 
present in channels frequently appeared to extrude into the 
surrounding medium. Advanced physical changes were most 
prominent in samples exposed to thrombin at 5 U/mL. The 
number of affected platelets increased between 15 and 45 
seconds after exposure, but all were affected by one minute. 
Three units/mL of thrombin produced essentially the same 
results as obtained with 5 units/mL. Fewer platelets revealed 
the advanced changes seen with 3 and 5 U of thrombin/mL 
when incubated with thrombin at | U/mL. However, there 
were some, and all platelets revealed shape change and 
internal transformation at one minute after exposure to 
thrombin. Each experiment in this study has been repeated 
four to seven times. 


DISCUSSION 


Results of the present study confirm and extend earlier 
work employing electron-dense tracers, which established 
existence of the platelet OCS and suggested its role in 
secretion”°"*** In contrast to compounds used previously, 
tannic acid employed in the present study is not inherently 
electron-dense.” Instead. it combines with a variety of 
proteins, glycoproteins, complex carbohydrates, and phos- 
pholipids inside and outside of cells, and stabilizes them 
against extraction during fixation and dehydration.“ Act- 
ing as a mordant through gallic acid groups on the molecule, 
tannic acid selectively deposits osmic acid on chemical or 
physical substances to which it has attached.’ Cells are 
ordinarily impermeable to tannic acid, but it may enter the 
cytoplasm during fixation when detergents are combined 
with glutaraldehyde.“ Since its introduction to electron 
microscopic studies, tannic acid has been used extensively to 
enhance the contrast of cell membranes and channels con- 
nected to the surface, as well as microtubules and microfila- 
ments inside permeabilized cells 29404546 

During the course of experiments on platelet clots,” it 
became apparent that tannic acid reacted with fibrin strands 





Tannic acid has resulted in heavy staining of the fibers by osmic acid (fixation: Glut-TA-OsA). Magnification x 33,000. Fig 3. Platelet from 
a washed suspension exposed to 5 U/mL of thrombin for three minutes and fixed in solutions containing tannic acid. Intensely stained 
fibers (F) identical to fibrin strands formed in C-PRP and fibrinogen solutions exposed to thrombin and stained with tannic acid were 
evident in swollen granules and channels of the OCS (fixation: Glut-TA-OsA). Magnification x 17,000. Fig 4. Platelet aggregate from 
sample of C-PRP exposed to 1 U/mL of thrombin for three minutes. Clumps of tannic acid—osmium stained fibrinogen are evident around 
and between the aggregated cells. Some granules (1) are unstained while others (2) show a strong reaction. Another granule (3} 
communicates through dilated and narrow segments of the OCS with the surface membrane on the other side of the platelet. A fourth 
granule (4) appears to communicate with two segments of the OCS in an adjacent platelet (fixation: Glut-TA-OsA}. Magnification x 
25,000. Fig 5. Platelet from the same sample of aggregated platelets shown in Fig 4. Some granules (1) are unreactive while others (2) are 
intensely stained by tannic acid—osmium. Other granules (3) are swollen and their contents diluted. A channel of the OCS connects the 
third (3) organelle to the surface on the other side of the platelet. A dilated connection of the OCS to the surface is evident on the right side 
of this cell (fixation: Glut-TA-OsA). Magnification x 25,000. Fig. 6. Platelet from washed suspension exposed to thrombin at a 
concentration of 5 U/mL for one minute in the presence of EDTA. A channel of the OCS filled with granule contents follows a tortuous 
course from one side of the centrally concentrated contractile gel (CG) and constricted ring of microtubules (MT) to an opening on the 
opposite side. Tannic acid—osmium stained material appears to have been fixed in the process of extrusion from the opening [fixation: 
Glut-TA-OsA). Magnification x 29,000. 
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Fig 7. Platelet from EDTA washed suspension combined with thrombin at 1 U/mL for five minutes. A tortuous channel filled with 
tannic acid—osmium stained material passes from one side of the platelet to the other and opens on the surface. Granules (G) are 
connected to the channel which has dilated and narrow (|) segments (fixation: Glut-TA-OsA). Magnification x 29,000. Fig 8. EDTA 
washed platelet exposed to 3 U/mL of thrombin for five minutes. Stained (1) and swollen (2) granules are directly connected to the channel 
filled with material reacting with tannic acid—osmium. Other swollen granules, such as (3), are connected to different channels of the OCS 
and pass out of the plane of section. Microtubules (MT) are constricted into the central mass of contractile ge! (fixation: Glut-TA-OsA). 
Magnification x 29,000. Fig 9. Platelet from washed suspension containing EDTA and exposed to thrombin (3 U/mL) for three minutes. A 
complex channel of the OCS is imbedded in the central mass of contractile gel (CG), The channels are an interconnected spiderweb of 
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and caused intense staining by osmic acid. The observation 
prompted the studies carried out in this investigation. Tannic 
acid, when combined with PPP or solutions of purified 
fibrinogen in the same manner used during glutaraldehyde 
fixation, caused immediate formation of precipitates. The 
amorphous and fibrillar material present in the precipitates 
resembled the fibrinogen and fibrin in tannic acid—stained, 
fixed samples of resting or activated C-PRP. Addition of 
thrombin to plasma or fibrinogen solutions before tannic acid 
resulted in selective deposition of osmic acid on fibrin 
strands 

The present investigation has used this feature of tannic 
acid pharmacology to evaluate the release reaction in throm- 
bin-aggregated and -activated platelets. Fibrinogen is a 
major constituent of platelet alpha granules and is extruded 
from activated platelets during release.” It seemed possible 
that tannic acid might combine with fibrinogen and selec- 
tively deposit osmic acid during transfer of the clottable 
protein from cytoplasmic organelles to the platelet exterior. 
Thrombin-aggregated platelets in PRP samples stained with 
tannic acid were identical to control aggregates, except for 
the osmium staining reaction. The amorphous, dense precipi- 
tate surrounding aggregates and concentrated in spaces 
betweer cells resembled the precipitate formed in solutions 
of fibrinogen after addition of tannic acid. A similar elec- 
tron-dease material was evident in some of the platelet alpha 
granules and filling narrow and dilated elements of the OCS. 
Although alpha granules did not react with tannic acid in 
resting platelets, many normal-sized and swollen granules in 
aggregated cells were intensely stained by tannic acid- 
osmium. Filamentous material and strands filling dilated 
channels and swollen granules were identical in appearance 
to electron-dense fibers in thrombin-clotted fibrinogen solu- 
tions. 

involvement of granules and channels in the platelet 
secretory process was clearly shown in the study of individual 
cells. Washed platelets exposed to thrombin in the presence 
of EDTA did not reveal the amorphous electron-dense 
precipitate outside the cells as seen in thrombin-aggregated 
C-PRP because nearly all of the fibrinogen was removed 
during preparation and resuspension. The internal platelet 
changes, however, were essentially identical. Thrombin stim- 
ulation caused shape change, central movement of organ- 
elles, and constriction of microtubule coils and microfila- 
ments into a contractile gel. Whereas granules and lumina of 
OCS channels were unstained in resting platelets fixed in the 
presence of tannic acid, osmium-reactive material filled the 
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dilated OCS of thrombin-activated platelets and stained 
granules attached to the channels intensely. Other granules 
and organelles not in continuity with the OCS remained 
unstained. The appearance suggested that tannic acid 
reaches the interior of granules by traversing channels of the 
OCS, rather than by diffusing through cell membranes and 
cytoplasm.“ The reaction to thrombin breaches the mem- 
brane barrier between channels and granules so that they are 
in direct continuity. Many proteins are secreted from platelet 
alpha granules,” and tannic acid, as used in this study, may 
combine with them. Yet, our studies show that tannic acid 
reacts with fibrinogen and fibrin, and selectively deposits 
osmium. As a result, it is reasonable to suggest that tannic 
acid identifies the secretion of fibrinogen from granules to 
channels, and through connections with the cell surface to 
the exterior of thrombin-activated platelets. 

Evidence favoring an alternative secretory pathway 
involving fusion of centrally concentrated granules to each 
other, formation of a closed vacuole filled with substances 
from the organelles, migration to the surface, attachment to 
the cell wall, and discharge of contents to the outside’*"? was 
not encountered in the present study. The possibility that 
centrally concentrated granules might fuse with each other 
at an early stage in the secretory process has been attractive 
for many years and was suggested in early investigations.” 
That granules can fuse with each other has been demon- 
strated in studies of platelets from individuals with inherited 
and acquired platelet disorders.’ More concrete evidence 
has been provided by investigations of platelet morphology 
during long-term storage in vitro.” Fusion of normal-sized 
organelles to form giant granules is a common finding after 
storage under mildly alkaline conditions for seven to 2! days. 
A stage of fusion similar to that observed in long-term-stored 
platelets would seem essential in formation of closed 
secretion vacuoles. Although the appearance of vacuoles in 
thrombin-activated platelets has frequently been re- 
ported,'°'* none of the studies has shown that fusion of 
granules into a membrane-enclosed mass precedes develop- 
ment of empty sacs. Apparent fusion of two granules was 
reported in a previous study of platelet secretion employing 
tannic acid. In our experience, however, such an event is 
extremely rare. 

A possible explanation for development of vacuoles in 
thrombin-treated platelets is provided by the present study. 
After establishing communication with channels of the OCS, 
granules become swollen. Often several granules are 
attached to a single channel. Dilatation of the channel and 





canalicua. Segments of cytoplasm (C) often appear isolated by the interconnected canaliculi, which dilate as they fill with granule contents. 
Electron-dense material appears to be in the process of extrusion from this cell (fixation: Glut-TA-OsA). Magnification x 29,000. Fig 10. 
Platelet from sample of EDTA washed platelets exposed to thrombin at 3 U/mL for one minute. Electron-dense material is in the process of 
extrusion from four different sites {1} on the surface of this cell. One of the channels inside the cell communicates with two different 
openings of the OCS and with a granule (1). Other granules (2) are not stained by tannic acid—osmium (fixation: Glut-TA-OsA). 
Magnification x 29,000. Fig 11. EDTA washed platelets combined with 5 U/mL of thrombin for five minutes. A third example showing a 
channel of the OCS opening at two different sites on the platelet surface. They demonstrate clearly that granules do not form closed sacs 
that migrate to and fuse with the cell surface. Transplatelet channels communicating with opposite surfaces of the same cell are 
inconsistent with that concept (fixation: Glut-TA-OsA). Magnification x 29,000. Fig 12. EDTA washed platelets following exposure to 
thrombie at 3 U/mL for three minutes. Another example in which a channel stretches from one side of the platelet to the other side and 
opens at two separate sites on the cell surface. One granule (1) connects directly to the transplatelet channel. The central portion of the 
canalicuius (1) is less intensely stained, but can easily be identified (fixation: Glut-TA-OsA). Magnification x 29,000. 


1202 


attached granules would and does yield the appearance of a 
large vacuole. The channels often appear dilated in the 
cytoplasm, but narrow at the cell surface.* Swelling of 
granules and channels with persistent narrowing of the OCS 
opening would produce the appearance of a distended 
vacuole close to the cell wall when viewed in a fluorescence 
microscope after staining with a monoclonal antibody to a 
specific granule constituent. >? 

In conclusion, the present study has reexamined involve- 
ment of the surface-connected, open-canalicular system in 
secretion by human platelets stained with tannic acid follow- 
ing exposure to thrombin in the presence or absence of 
EDTA. Findings of the investigation confirm earlier studies 
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which suggested that channels of the OCS were major 
conduits for discharge of products secreted during the human 
platelet release reaction. Granules are concentrated in cen- 
ters of thrombin-activated platelets, but fusion of the organ- 
elles to each other resulting in formation of closed sacs was 
not observed. Instead the sequence of granule interaction 
with channels, establishment of continuity, swelling of chan- 
nels and granules as secretory products are exposed to the 
medium, and discharge through narrow and dilated openings 
of OCS on platelet surfaces was clearly demonstrated by 
fixation in the presence of tannic acid. Efforts to apply this 
procedure to platelets from a patient with congenital 
afribrinogenemia are currently in progress. 
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The Syndrome of T8 Hyperlymphocytosis: Variation in Phenotype 
and Cytotoxic Activities of Granular Cells and Evaluation 
of Their Role in Associated Neutropenia 


By Catherine Grillot-Courvalin, Giovanna Vinci, Andreas Tsapis, Marie-Christine Dokhelar, 
William Vainchenker, and Jean-Claude Brouet 


We performed a longitudinal study of the phenotype and 
functions of granular lymphoid cells from seven patients 
with T, hyperlymphocytosis and neutropenia. Whereas 
cells retained a T3+ T8+ (six cases) or T3— T8+ (one 
case) phenotype at different examinations, the expression 
of natural killer (NK)-related antigens (HNK1- and Leu11— 
defined antigens) exhibited striking variations, some of 
which were also observed after in vitro culture. Similarly, 
natural or antibody-mediated cytotoxic activities fluc- 
tuated in vivo and in vitro. Cells from the patient with T3 — 
T8+ proliferation were able to inhibit directly the growth 
of early CFU-GM, CFU-E, and BFU-E and to a lesser extent 
of late CFU-GM, as shown by cultures of autologous blood 


ECENTLY, THE ASSOCIATION of chronic T8 
hyperlymphocytosis and neutropenia has been the sub- 
ject of several reports, since it represents a distinct new 
clinical, morphological, and immunological disorder, the 
pathogenesis of which is still largely unknown.'* Because of 
their strong similarity to large granular lymphocytes (LGL) 
and the occurrence of cytopenia, T8 cells from these patients 
have been studied mainly for killer and suppressive activities, 
with contradictory results. These cells frequently display 
antibody-dependent cell cytotoxicity (ADCC) 7 whereas 
evaluation of natural killer (NK) activity or suppression on 
lg synthesis or hemopoietic cell maturation yielded opposite 
results in different studies.“ 

We report here striking variations of the cell surface 
phenotype and/or functions in a longitudinal study of seven 
patients with T8 hyperlymphocytosis and neutropenia. Some 
of these modifications also occurred after short term in vitro 
cell cultures. These unexpected variations may be germane 
to the above-mentioned discrepancies and to the difficulty 
encountered in understanding the physiopathology of this 
disorder. Studies in six cases of T cell receptor 8 chain gene 
organization showed unrearranged, polyclonal, or mono- 
clonal patterns without clear-cut correlations with clinical 
data or course of the disease. 
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or marrow progenitors after depletion (and subsequent 
addition) of granular cells. in the other six patients with 
T3+ T8+ cells, no such effect was found. However, after a 
24-hour incubation of the progenitors with the granular 
cells, CFU-GM growth was clearly inhibited; this was not 
observed in all experiments, a finding which may be related 
to the spontaneous variations of cell killer functions. Final- 
ly, no correlation was noted between the clinical course or 
extent of lymphoid proliferation and cell function or pheno- 
type or with the monoclonal (two cases), polyclonal (three 
cases) or germ-line (one case) patterns of T cell receptor 8 
gene configuration. 

® 1987 by Grune & Stratton, Inc. 


MATERIALS AND METHODS 


Patients. Seven patients with T8 hyperlymphocytosis and neu- 
tropenia were studied. The main clinical and hematologic data are 
listed in Table 1. Their clinical condition remained stable during a 
two- to 18-year follow-up period. There were no life-threatening 
infections in any patient, although recurrent upper respiratory 
infections occurred in five patients. In all cases, the majority of blood 
lymphoid cells were medium- or large-sized granular cells with 
azurophilic granules and strong acid phosphatase positivity. Periph- 
eral thrombocytopenia as assessed by a reduced half-life of autolo- 
gous “'Cr-labeled platelets (two and three days for patients 6 and 4, 
respectively) was observed in two patients. Ferrokinetic studies were 
performed in the two anemic patients. In patient 1. there was a mild 
autoimmune Coombs test-negative hemolysis with a splenic seques- 
tration. In patient 5, there were both a low production and abnormal 
maturation of red cells. 

A definite bone marrow lymphoid infiltration was observed in four 
patients at biopsy; the granulocytic series appeared normal or 
slightly hypoplastic. Monoclonal Ig were detected in two patients: 
patient | had a y 3 heavy chain disease protein with bone marrow 
and spleen plasmacytic infiltration; a monoclonal IgG lambda was 
found in serum of patient 3. No Ig abnormalities were observed in 
the other patients. 

Cell isolation and phenotype. Mononuclear cells were isolated 
from peripheral heparinized blood or bone marrow by centrifugation 
on Ficoll Hypaque density gradients. In patient 1, spleen cells were 
obtained by gentle teasing of the organ. In some experiments, 
E-rosetting cells were isolated and rosetting lymphocytes recovered 
after hypotonic lysis of sheep red cells; in some preparations, T8 cells 
were eliminated by complement-dependent cytotoxicity. 

The cells were studied with a panel of monoclonal antibodies 
(Mab) by indirect fluorescence using fluoresceinated goat IgG to 
mouse Ig as a second layer. Anti-T cell Mab were directed against 
T3, T4, T8, T6, and Tac (1L2 receptor) antigens. Mab directed to 
LGL included HNKI (Leu 7). Leu 11, NKHI, and NKH2.'* K5 
Mab directed to class H DR antigens was produced in our labora- 
tory. B cell surface Ig were detected by direct fluorescence with 
monospecific, rhodamine-conjugated Fab’2 fragments of rabbit IgG 
to human heavy and light Ig chains. Cell surface phenotype was 
determined on fresh cells and in certain cases after three days in vitro 
culture in RPMI 10% fetal calf serum (FCS) medium with or 
without addition of 10% T cell-conditioned medium (a supernatant 
of T cells stimulated for 48 hours with phytohemagglutinin). 


Functional studies. Natural killer and ADCC assays: The tar- 
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T8 HYPERLYMPHOCYTOSIS 1205 
Table 1. Main Clinical Symptoms in Seven Patients with T8 Lymphocytosis 
Patients 
1 2 3 4 5 6 7. 

Absolute lymphocytosis 10°/L 10 5 6 4.5 8 10 14 
Neutrophils 10°/L 0.1 0.5 0.4 0.7 0.5 0.3 0.6 
Anemia (Hb < 10 g/L) + ~ - n + = 
Throrabocytopenia (< 100 x 10°/L} ~ — x + - + 
Lympn node enlargement* — _ — - ~ + 
Splenomegaly* ++ — - ~ ~ + 
Bone marrow 

lymphoid infiltration on biopsy + — + + + 

% lymphoid cells on smear 25 8 12 25 15 50 8 
Recurrent infections + oa — + + + + 





#4, slight; ++, moderate. 


get cells used for NK assay were the erythroleukemic K562 cells and 
for ADCC 11210 leukemic cells sensitized by rabbit anti-L1210 
antibodies. “'Chromium-labeled cells and patient cells were incu- 
bated in triplicate at various effector/target ratios in microtiter 
plates for four hours at 37°C and 100 gL of cell free supernatants 
were collected and counted for “'Cr release in a y counter. The 
percentage cytotoxicity was calculated as follows: % cytotoxicity: 
(experimental release ~ spontaneous release) x 100/maximum 
release — spontaneous release. 

Clonogenic assays. Marrow or peripheral blood mononuclear 
cells were obtained after informed consent: they were cultured, 
usually in triplicate, using the plasma clot technique.” The final 
medium consisted of alpha medium (Eurobio, Paris) 10% human AB 
serum, 1% deionized bovine serum albumin, 70 wg/mL CaCl, and 
10% bovine citrated plasma. Several stimulating factors for CFU- 
GM growth were used, ie, Mo-,"* 5637-,'? and GCT”-conditioned 
media and phytohemagglutinin leukocyte conditioned medium. In 
some experiments, erythroid colonies were grown by adding | U/mL 
porcine erythropoietin (CNTS, Paris), to 5% Mo-conditioned 
medium. At day 12 to 14 CFU-GM- or BFU-E-derived colonies 
were enumerated under an inverted microscope; CFU-E colonies 
were courted at day 7. 

Blood mononuclear cells depleted of T cells were plated at 5 x 10° 
to 2 x 10° cells/mL. Purified E-rosetting T celis were added at 
different concentrations (1 x 10° to I x 10°/mL) to the non-T cells 
obtained from the patient or normal individuals. In other experi- 
ments, blood or marrow mononuclear cells depleted of T cells, T cells 
alone, or a mixture of mononuclear cells depleted of T cells and T 
cells ina 1/4 ratio, were incubated overnight at 5 x 10°/mL in alpha 
medium 10% FCS at 37°C. Cells were then centrifuged and counted. 
Individua! populations of cells or mixed populations were assayed for 
colony formation. In some experiments sera of the patients were 
added at 10% final concentration. 

Analysis of T cell receptor beta chain genes. High—molecular 
weight DNA was extracted from blood mononuclear cells and from 
patient | spleen T8 cells. DNA was digested with the restriction 
enzymes BamHI, EcoRI, and Hindi and fractionated on 0.8% 
agarose gels. DNA fragments were transferred by the Southern 
process to nitrocellulose paper. Hybridization with *P-labeled probe 
for the C 8 constant gene of T cell receptor (400bp Bgil-Bglil 
fragment containing human C 8 gene sequence) was performed, 
followed by washing at the appropriate stringency (0.1 x SSC, 0.2% 
SDS, 65°C) and radioautography. 


RESULTS 


Cell phenotype. The majority of T cells from six patients 
formed E-rosettes and expressed both T3 and T8 antigens 


(Table 2); the density of T8 antigen often appeared quite low 
by eye fluorescence in comparison to that of normal blood 
cells; however, this phenotype remained stable at different 
examinations and after in vitro culture in RPMI FCS 
medium. The majority of these T3+ T8+ cells did not 
express class II antigens. The cells of patient 7 formed 
E-rosettes but expressed only T8 antigen. Four different 
markers of LGL were studied: the expression of HNK1 
antigen was constant, although the percentage of positive 
cells changed strikingly in the same patient at different times 
(Table 2) or after three days of in vitro culture in patient 2. 
Cells from only five patients were stained with Leu 11 Mab, 
which reacts with a Fe receptor-related epitope: again, large 
variations in the percentage of positive cells were noted in 
patients 4 and 6 in different experiments; Leu 11 expression 
was lost after in vitro culture in all cases studied (Table 2). 
Neither before nor after in vitro culture did the cells express 
two other NK cell-related antigens, identified by NKH1 and 
NKH2 Mab, which react with the majority or a subset of 
blood LGL., respectively. Mab directed to 1L2 receptor (Tac) 
strongly stained 10% of T3+ T8+ cells in the spleen of 
patient | and 2% of blood cells in patient 3, whereas it was 
negative on peripheral blood leukocytes (PBL) from the 
other patients. 

Killer function. Since the above results showed varia- 
tions in cell phenotype at different times, we performed a 
longitudinal study of ADCC and NK activity in 6 patients. 

PBL from patients 2 and 5 displayed a normal ADCC 
function in the single assay performed. Cells from patient | 
exhibited similar ADCC levels (50% Cr release as compared 
to normal PBL) on two separate tests. Divergent results were 
observed in patient 3, who was studied twice at six-month 
intervals (normal v absent ADCC). 

NK function of freshly drawn PBL was studied during a 
2-year period (Table 3). In patients 1, 4, and 5, NK activity 
was abnormally low or absent. Discordant results (normal v 
low activity) were obtained in patients 2, 3, and 6 in separate 
examinations. NK activity of spleen cells from patient | was 
studied: unseparated cells, purified T cells, and T4-depleted 
T cells exhibited a similar killer function, ascertaining there- 
fore that the T8 subset mediated this effect. Unexpectedly, a 
fair NK activity was recovered after 48-to 72-hour in vitro 
culture in RPMI-FCS medium in all patients tested (Ta- 
ble 3). This activity was slightly enhanced when cells were 
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Table 2. Phenotype of Blood (or Spleen) Cells 

















T Antigens* LGL Antigens* 
T3 T4 T8 T6 Tac E-Rosettest HNK1 Leult NKIA NK 1B DR Antigen* 

Patient 1 

Spleen 88 14 67 o 10 80 57 1 1 J 13 

Exp 1 —ft 2 80 — 1 85 2 — — — 9 

Exp 2 88 10 77 o 0 a 14 — — -~ 10 
Patient 2 

Exp 1 g0 1 62 0 — 85 4 12 

Exp 2 90 15 50 — 0.1 88 43 4 2 0.1 10 

Exp 2§ 85 7 60 —- 0.1 — 0.5 2 0.2 0.2 = 
Patient 3 

Exp 1 85 13 50 -= 2 55 12 28 1 0.1 15 

Exp 1§ — — 56 — 0.5 — 22 0.1 1 1 oo 

Exp 2 90 10 65 = — 65 25 30 1 1 12 
Patient 4 

Exp 1 90 12 77 0 0 91 26 45 1 0.1 16 

Exp 1§ — — 80 — 0 -— 27 9 1 0.1 — 

Exp 2 85 5 95 — — 85 70 20 1 1 12 
Patient 5 

Exp 1 80 2 80 (6) 18] 85 1 — — — — 

Exp 2 90 18 71 — o 80 40 70 1 0.1 14 

Exp 2§ —- — 75 —- [0] — 34 2 1 0.1 vo 

Exp 3 — -— 80 — — 85 50 — — — 8 
Patient 6 

Exp 1 88 8 80 (0) — 85 20 0 1 1 10 

Exp 2 90 4 50 — ie) —_— 3 30 1 1 7 
Patient 7 

Exp 1 5 3 30 o 1 80 40 


95 1 1 3 





*Monoclonal antibody- defined cell phenotype (indirect fluorescence; percentage of positive cells). 


tPercentage of cells forming £-rosettes. 
Not done. 
§Phenotype after 72-hour in vitro culture in RPMI-FCS medium. 


cultivated in phytohemagglutinin-conditioned medium (data 
not shown). These modifications were not related to an 
expansion of residual NK cells with a full phenotype of LGL, 
since phenotyping of the cultured cells did not disclose a 
sizable number of NKH 1- or NKH2-reactive cells. 
Clonogenic assays. In the first six patients, CFU-GM 
from blood cells were normal or quite high in patients 5 and 6 
and markedly diminished in the others. Assays were repeated 
two to four times during a 2-year period and no marked 
difference in the plating efficiency was observed. Similar 
results were obtained whatever the stimulating factor used. 
The effect of T cell depletion by E-rosetting and of their 
subsequent addition was studied in all patients (Table 4). 
Depletion of T cells did not enhance colony formation and 
accordingly their addition did not decrease the number of 
colonies but even led to enhancement of colony formation in 
some experiments. Addition of T cells even at a very high 
concentration (up to 1 x 10° cells/mL) had no inhibitory 
effects. Results using marrow cells were identical (Table 5). 
In order to exclude that after E-rosetting, a small amount of 
remaining T3+ T8+ cells could still inhibit CFU-GM 
colony formation in patients with a low plating efficiency, T8 
complement—mediated cytotoxicity was performed on T- 
depleted blood mononuclear cells from patients 2 and 4 and 
on T-depleted marrow cells from patient 2. Colony formation 
was not enhanced and addition of T cells did not alter the 
growth of progenitors. T cells from all patients were cultured 


with allogeneic normal marrow cells; no inhibition of colony 
formation was observed (data not shown). 

When T cells were incubated for 24 to 48 hours in liquid 
medium and then added back to T-depleted mononuclear 
cells, no inhibition of colony growth in three patients was 
observed. In contrast, in patients 2, 5 and 6, a marked 
inhibition of CFU-GM colony formation was observed when 
T cells and T-depleted blood or marrow mononuclear cells 
were incubated together and then plated in semisolid 
medium (Table 6). This result was obtained both when using 
blood or marrow cells as the target for patient 2. However, 
this result was not observed in all experiments; a marked 
inhibition was detected in three of five different occasions 
during an 18-month period for patient 2, and once in two 
experiments for patients 5 and 6. Sera from all patients were 
tested in culture (and in preincubation experiments in three 
patients); no inhibition of colony formation was noted. 
Studies of CFU-E colonies were performed in patient 5, who 
was anemic. T cell-depleted cultures yielded a normal 
number of colonies (260 colonies / 10° cells); addition of PBL 
T cells clearly suppressed CFU-E growth (32% inhibition, 
0.05 < p < 0.01). 

Similar experiments were performed in patient 7 whose 
cells had a T3— T8+ phenotype. Studies of blood cell 
progenitors (Table 4) showed that depletion of T cells by 
E-rosetting allowed the growth of CFU-GM, whereas their 
subsequent addition inhibited colony growth. However, no 
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Table 3. Natural Cytotoxicity of T8 Cells on K562 Target 
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Table 5. CFU-GM Colony Formation From Marrow Cells iDay 7) 





Effector/Target Ratio 








50:1 25:1 10:1 5:1 2:1 
Patient 1 
Exp 1 14.5* 7 2 0.5 0 
Exp 2 6 2 0.2 —_ —_ 
Exp 3+ 34 13 3 — 0 
Patient 2 
Exp 1 35 19 14 = — 
Exp 2 19] 0 Q 0 0 
Exp 2¢ 50 40 21 12 4.5 
Patient 3 
Exp 1 4 1 1 0.6 1 
Exp 2 81 62 42 —_ — 
Exp 3 28 13 1 —— — 
Exp 3t 81 41 25 12 7 
Patient 4 
Exp 1 15 8 4 1.5 0.4 
Exp 2 10 1 0 0 0 
Exp 2ł 39 23 3 5 2 
Patient 5 
Exp 1 3 2.5 1 0.1 — 
Exp 2 0 o 0 o O 
Exp 2ł 19 6 2 0.5 0 
Patient 6 
Exp 1 15 _ 5 -~ 1 
Exp 2 60 46 26 1 o 
Patient 7 
Exp 1 66 34.7 25.7 12.3 1.7 





“Percentage of killing. 

{Spleen cells. 

NK activity of celis after three-day in vitro culture in RPMI-FCS 
medium {the phenotype of cells before and after in vitro incubation is 
shown in Table 1). 


clear effect was observed on marrow CFU-GM-derived 
colonies (Table 5). In addition E+ cells were able to 
significantly inhibit marrow CFU-E and BFU-E growth 
(p < 0.01); however, they still had no definite effect on 
marrow CFU-GM growth. When E+ cells from this patient 
were incubated for 24 to 48 hours with T-depleted marrow or 
blood cells, inhibition of blood CFU-GM, CFU-E, and 
BFU-E colony formation was again observed, but no signifi- 
cant effect on marrow CFU-GM colony formation could be 
recorded. 





Table 4. CFU-GM Colony Formation From Blood Celis (Day 14) 


Mononuclear Cells T-Depleted 





Patient (10°) Mononuclear Celts E~ and T Cells 
1 1224 9+4 8+3 
2 9+3 9+2 19+8 
3 1443 1122 12 +3 
4 321 312 3+1 
5 350 + 40 378 + 45 385 + 30 
6 56 +9 62 +8 63 +7 
7 o 23 +2 3+ 





T cells were depleted by E-rosetting. E~ and E* were recovered and 
counted. E~ were seeded at a concentration-equivalent to their presence 
in 1 x 10° nonseparated mononuclear cells. The number of E> was 
usually 1 x 10° cells/mL. E* were added at a different concentration 
which did not change the plating efficiency. Results reflect the addition of 
E* in 1/9 ratio. 





Mononuclear Cells E> and T Calls 

Patient (10° Cells/mt) T-Depleted Cells ata & Ratio 
1 50 + 10 25+4 63+8 

2 96 + 20 90 + 15 93 + 18 
5 ND 485 + 32 494 +8 

7 ND 200 + 14 196 + 14 


Experiments were performed as detailed in Table 4, except that 
colonies were enumerated at day 7. 
ND, not determined. 





Analysis of T cell receptor beta chain gene organiza- 
tion. DNA fromall cases except patient 2 was studied for T 
cell receptor beta chain gene configuration. In patients 5 and 
6, a monoclonal rearrangement was observed after digestion 
of DNA with BamHI and Hindi; with EcoRI the 11-Kb 
band had a markedly decreased intensity, but a rearranged 
band was detectable only in patient 5 (Fig 1). In patient 7, 
beta chain genes were in germ-line configuration. In the 
three remaining patients, no rearranged band was detected 
after DNA digestion with the three enzymes (Fig 1). A 
decrease of the intensity of germ-line bands in these cases is 
indicative of polyclonal T cell population. 


DISCUSSION 


The seven patients studied were affected with the recently 
characterized syndrome of T8 hyperlymphocytosis with neu- 
tropenia. Their disease followed a chronic course character- 
ized by hyperlymphocytosis (which spared bone marrow in 
three cases), neutropenia, and frequent, mild infections. 

Two patients had monoclonal Ig, a hitherto-unreported 
finding in such patients. Patient 1 had a y3 heavy chain 
disease protein with plasmacytic infiltration of spleen and 
bone marrow, and patient 3 a yA monoclonal Ig that was 
detected after three-year follow-up and remained stable 
thereafter. Although such Ig abnormalities appear distinctly 
unusual, the occurrence of polyclonal hypergammaglobu- 
linemia as well as various autoantibodies are frequent in this 
syndrome.*'>'* Whether these abnormalities are somehow 
related to the T cell disorder is presently unknown. 

In all patients, the cells had the morphology of medium- 
sized or large lymphocytes with azurophilic granules. In one 


Table 6. CFU-GM Formation After 24-Hour Preincubation 
of E` Celis with E* Cells 








E` Cells EE” Celts E* Celts 
Patient 2 
Exp 1* 42 +2 25 +5 2+ 1 
Exp 2* 42+6 19+5 1?) 
Exp 3t 30 + 2.5 95 £2 tai 
Patient 5 
Exp 1* 72 + 16 28 + 6 0 
Patient 6 
Exp 1* 22 +1 1441 0 








E` and E* celis prepared as described in Material and Methods were 
incubated for 24 hours before plating for CFU-GM assay. Results are 
shown for experiments where a clear inhibition was observed. 

*Peripheral blood mononuclear cells. 

Bone marrow cells. 
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Fig1. Southern blot analysis of DNA fragments from six patients with T cell receptor gene probe. Abbreviation: gl, germ line placental 
DNA. Numbers refer to patients (see Table 1). DNA was digested with BamHI (A), EcoRI (B) and HindIll (C) restriction enzymes. Horizontal 


bars indicate germ line fragments; arrows, rearranged fragments. 


case (patient 7) cells were devoid of T3 antigens, possessed 
germ-line T cell receptor beta chain genes and expressed 
some NK cell-related markers (HNK1 and Leu 11, reactivi- 
ty) as well as T8 antigen. In the other six cases, they belonged 
unequivocally to the T cell series as shown by the expression 
of T3 and T8 antigens and by the configuration of T cell 
receptor beta chain genes. They also possessed some of the 
known markers of LGL, namely HNK1 (seven cases) and 
Leu 11 (five cases). However, only a percentage of T3+ and 
T8+ cells bore these antigens and longitudinal studies 
showed striking variations of the subset of cells expressing 
detectable levels of these NK-related antigens; some of these 
variations could be observed after in vitro culture. These 
modifications contrasted with the stable T3+ T8+ pheno- 
type of the majority of PBL of blood cells and do not support 
the suggestion that there is significant heterogeneity within 
the expanded lymphocytic population.’ Moreover, in patient 
1, the percentage of HNK | reactivity among the T3+ T8+ 
cells was different in the blood or spleen. The constant 
absence of NKH1I and NKH2 markers which identify the 
majority of functional NK cells (or subsets) argues against 
the possibility that the observed variations are related to a 
T3— normal residual LGL population; it indicates further- 
more that the T3+ T8+ HNK1 + cells characteristic of this 
syndrome belong to a distinct population of NK cells. This 
finding therefore reinforces the rationale to characterize the 
syndrome of T8 hyperlymphocytosis with neutropenia. 

More importantly, this longitudinal study also revealed 
variations in both natural and antibody-dependent killer 
activities. The significance of these phenotypic and func- 
tional fluctuations remains uncertain; interestingly, they 
were also recorded in primary and transplanted tumors of the 
rat LGL leukemia.’ NK function was restored after in vitro 
culture but we could not find any serum inhibitor, as 
suggested for normal LGL”? and in another case of T8 
hyperlymphocytosis.** Anyway, our data are probably ger- 
mane to the discordant results previously published. 


The benign or malignant nature of this syndrome is still 
controversial. Cytogenetic studies as well as the clinical 
course'*'#?#?6 undoubtedly suggest that at least some 
patients have an indeed malignant disease; no clinical or 
immunological data, however, delineate this subset of 
patients. Investigation of clonal rearrangements of T cell 
receptor Ø chain genes of the expanded population of granu- 
lar lymphocytes does not resolve this issue. In our patients 
with T3+ T8+ phenotype a clonal rearrangement was 
observed in two cases, while a polyclonal pattern was noted in 
three other patients as shown by a decreased intensity of 
germ-line bands and the absence of rearranged DNA frag- 
ments. In the patient with T3— T8+ cells, T cell receptor 
genes appeared in the germ-line configuration, Similar stud- 
ies have been performed in 23 other patients with T8 
hyperlymphocytosis and neutropenia?”™; clonal rearrange- 
ments were noted in 17 cases and polyclonal or germ-line 
pattern in the other cases. In one large study, only T3— T8 + 
cells had germ line pattern whereas all T3+ T8+ cells 
appeared monoclonal.” The absence of detailed cell pheno- 
types in the other reported cases with unrearranged pattern 
precludes definite conclusions about the incidence of poly- 
clonal T3+ T8+ hyperlymphocytosis. It should be stressed 
that in our series no clinical, hematological, or immunologi- 
cal features, neither duration of the disease nor bone marrow 
or spleen lymphoid involvement, distinguish our patients 
with clonal disorder. The rather uniform clinical and immu- 
nological data (and especially the discrete NK-related phe- 
notype as outlined above) may suggest a polyclonal expan- 
sion of a subset of NK-related cells, driven by an unknown 
event or secondary to the neutropenia, with the possibility of 
a late clonal evolution. The derivation of NK cells is still 
debatable. From the above data it can be hypothesized either 
that the two phenotypes (T3— T8+ and T3+ T8 +) corre- 
spond to different lineages, or that T3— T8 + cells with high 
NK activity represent precursors of T cell lineage. 

It should be noted that the existence of polyclonal T3+ 
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T8 + cells as well as that of T3— T8+ hyperlymphocytosis 
does not support the possibility that the neutropenia is due to 
an interaction involving the conventional T cell receptor. 
Indeed the role of granular lymphoid cells in the genesis of 
cytopenia in these patients is still uncertain. In previous 
reports, a consistent inhibition of colony-forming cells has 
been noted only for erythroid progenitors in patients with 
anemia.*? In contrast, most studies failed to demonstrate 
any effect of expanded granular cells on granulopoiesis, even 
when the cells had some suppressive properties on cell 
proliferation or Ig synthesis by B cells in vitro. t 

We reevaluated here the possible interaction of T8 + cells 
with myeloid progenitors using a number of assays. Two 
different situations could be distinguished. First, cells from 
patient 7 with T3— T8 + phenotype directly interfered with 
hemopoietic progenitors; depletion of T8+ cells led to a 
striking increase of both early CFU-GM and BFU-E; like- 
wise, addition of the purified granular cells inhibited early 
CFU-GM, CFU-E, and BFU-E but had no effect on late 
CFU-GM colonies. This activity is reminiscent of that 
exerted by normal LGL, ™™ although studies of inhibitory 
effects of LGL on hematopoietic cells led to some discrepan- 
cies, possibly because of technical conditions. Like normal 
LGL, granular cells from this patient had unrearranged T 
cell receptor 8 chain genes; whether their effect is mediated 
by direct contact or production of colony inhibiting factor as 
shown for normal LGL” remains to be established. 

Studies performed in the six other patients with T3 + T8 + 
cells were in sharp contrast with the latter results. No 
modification of colony growth was observed after depletion 
(and subsequent addition) of granular T3 + T8 + cells in 18 
experiments performed in the six patients. These patients 
had either a normal colony growth {two cases) or a reduced 
one (four cases), a reproducible finding at different examina- 
tions. Therefore, we obtained no evidence that cells directly 
suppress hemopoiesis. These cells are obviously different 
from the suppressive T cell population, which has been shown 
to inhibit with a class I restriction hemopoiesis in normal 
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subjects’*”” or in disease states,°”” and which feature a T8 + 
HNKI+ T3+ DR + phenotype. 

Cultures in autologous serum yielded similar results, mak- 
ing unlikely a role for antineutrophil antibodies that were 
present in the serum of four patients as noted in some 
reports*’4 but not others.*® However, a role for ADCC is not 
ruled out by our experiments if sensitized progenitors are 
unavailable to study because of in vitro destruction. 

We next explored the possibility that T3+ T8 + cells from 
these patients need to interact with progenitors or some kind 
of activation to become suppressive. Indeed, the finding in 
patient 1 of T3+ T8+ cells expressing IL 2 receptors in 
spleen but not blood may indicate that suppressive cells do 
not circulate and may be locally activated. In fact, preincu- 
bation of T cells with blood or marrow progenitors led to 
significant inhibition in three of six patients. However, this 
inhibition was not observed in all experiments (three of five 
assays in patient 2 and one of two in patients 5 and 6). Such 
variations could well be related to the changes occurring in 
phenotype and function of T8 cells as demonstrated in this 
report. Interestingly, such preincubation is considered neces- 
sary for normal LGL cells to act on hemopoiesis in some 
reports??? 

Finally, although we cannot exclude the possibility that T 
cells do not play a major role in neutropenia in these patients, 
it is worth noting that patients | and 5 recovered a normal 
WBC and differential count after a 6-month chemothera- 
peutic regimen {intermittent prednisone, vincristine, and 
cyclophosphamide) given for associated lymphoid malig- 
nancy and marked anemia, respectively. Likewise, there was 
a clearing of the expanded T3+ T8+ cell population with 
normal ratio of T4/T8 cells. 
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Role of Colony-Stimulating Factor in Myelopoiesis in Murine 
Long-Term Bone Marrow Cultures 


By D.A. Lipschitz, K.B. Udupa, J.M. Taylor, R.K. Shadduck, and A. Waheed 


Weekly medium change or midweek feeding of long-term 
bone marrow cultures (LTMBCs) results in a significant 
increase in total myeloid cell production. Proliferative 
myeloid cells peak 48 hours after feeding, and nonprolifera- 
tive myeloid cells reach maximum levels at 72 hours. This 
increase in myelopoiesis is invariably preceded by a signifi- 
cant elevation in biologically and immunologically measur- 
able colony-stimulating factor (CSF) in the supernatants of 
LTBMC. The level peaks 24 hours after medium change. 
then gradually returns to basal values. The decrease in CSF 
relates to its consumption by generating myeloid precur- 
sors because no fluctuation in the levels occur in cultures 
without active myelopoiesis. No significant inhibitors or 
promoters of CSF were detected. When highly purified L 
cell CSF, CSF in lung-conditioned medium, or CSF concen- 


ECENTLY tissue culture techniques have been devel- 

oped that permit long-term maintenance of bone mar- 
row cells in vitro for up to 50 weeks. °? The key component of 
the culture system is the formation of an adherent microenvi- 
ronmental layer that allows proliferation and differentiation 
of hematopoietic stem cells into predominantly mature 
myeloid precursors. These myeloid cells become nonadherent 
and can be harvested at weekly intervals from the culture 
medium. The cellular and morphological characteristics of 
hematopoiesis in long-term bone marrow culture (LTBMC) 
bear many similarities to normal hematopoietic function in 
vivo. This culture system has been extensively used to 
determine the role of colony-stimulating factor (CSF) in the 
regulation of myelopoiesis. Early work failed to detect mea- 
surable CSF in culture, and other studies demonstrated no 
increase in myelopoiesis when CSF from different sources 
was added to culture. These included CSF contained in 
lung-conditioned medium (LCM), WEHI-3 cell-conditioned 
medium, and L cell CSF condition medium.** Furthermore, 
addition of anti-CSF antiserum had no apparent effect on 
myeloid cell production. This led to the suggestion that 
myelopoiesis in LTBMC was independent of CSF or alterna- 
tively, that CSF production was minimal and functioned 
exclusively locally. More recent studies provided stronger 
evidence indicating a direct regulatory role of CSF in 
myelopoiesis in LTBMC. Using a bilayer agar culture sys- 
tem, Heard and colleagues were easily able to detect signifi- 
cant amounts of CSF production in LTBMCs.° A relation- 
ship between myeloid cell production and CSF levels was 
suggested by the very high levels of CSF found in hemato- 
poietically inactive cultures and a marked decrease in its 
level when these adherent layers were recharged. Further- 
more, an inverse correlation between supernatant cell recov- 
ery prior to the assay and the level of CSF was noted. 
Gualtieri and co-workers provided further support for the 
importance of CSF in myelopoiesis in LTBMC.’ Using a 
method similar to that described by Heard and colleagues, 
they demonstrated a dose-dependent increase in CSF when 
LTBMCs were exposed to ionizing irradiation. The CSF 
increase correlated inversely with the reduction in myelo- 
poiesis induced by irradiation. 
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trated from LTBMC supernatant is added to cultures, an 
identical increase in myelopoiesis occurs. Anti-CSF antise- 
rum, added to culture at the time of medium change, totally 
neutralizes supernatant CSF levels but does not affect 
myelopoiesis. These findings suggest a potential regulatory 
role for CSF in myelopoiesis in LTBMC. CSF appears to 
function within the microenvironment through a mecha- 
nism involving cell:cell interactions or by causing the pro- 
duction of other substances that stimulate myelopoiesis. 
Because exogenous CSF stimulates myelopoiesis, it is 
likely that it too can react either directly or through 
microenvironmental celis to stimulate primitive myeloid 
cells to divide. 

©1987 by Grune & Stratton, inc. 


Recently, we developed a micromethod of LTBMC that 
allows initiation of numerous individual cultures from a 
single donor animal and makes possible frequent assessment 
of culture characteristics.* Using this method, we showed 
that a predictable increase in myelopoiesis occurs following 
weekly medium change. In this study, we examined the 
kinetics of day-to-day variations in myeloid cell production in 
vitro and the potential role of CSF in these events. 


MATERIALS AND METHODS 


Long-term bone marrow cultures were studied using a micro- 
method reported recently.’ This is a modification of the method 
developed initially by Dexter and colleagues’ and subsequently 
modified by Mauch and co-workers.’ Marrow from the femora and 
tibia of 3-month-old C57BL/6 mice were flushed into a-medium 
(Flow Laboratories, McClean, VA) with a l-mL syringe fitted with 
a 23-gauge needle. The cells were aspirated repeatedly to form a 
single cell suspension. After determination of the cell count with a 
model ZF Coulter counter (Coulter Electronics, Hialeah, FL), 1.4 x 
10° cells were added to Linbro wells (Flow Laboratories) in a 
medium containing 65% a-medium, 25% horse serum, and 10$ 
mol/L of hydrocortisone (10%) to a final volume of 0.7 mL. In some 
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studies, cultures were set up identically except that hydrocortisone 
was omitted. The Linbro wells were placed in sterile covered Petri 
dishes and incubated in a water-jacketed incubator at 33°C in a 
humidified atmosphere with 5% CO,. At weekly intervals, half the 
Supernatant was removed from each well and replaced with an equal 
volume of fresh medium that was identical to that removed. 

Colony-stimulating factor was measured serially in the culture 
Supernatant starting 4 weeks after initiation of the cultures. In 
addition, the total number of cells in the culture and the fraction of 
the total that were either adherent layer cells or myeloid cells were 
determined. The culture supernatant was removed gently and centri- 
fuged at 250 g for 10 minutes at 4°C and used for measurement of 
CSF as described below. a-Medium (0.5 mL) was added to the 
LTBMCs, and the adherent layers were freed using a rubber 
policeman. A single cell suspension was made by passage back and 
forth three times through a 23-gauge needle. These cells were mixed 
with those recovered from the supernatant and made up to a I-mL 
vol. The cell count was determined in a Coulter counter and recorded 
as total cells per well. A cytospin preparation made from each cell! 
Suspension was stained with Wright’s Giemsa, and a 200-cell 
differential count was performed on each. Cells were categorized as 
proliferative (myeloblast, promyelocyte, myelocyte) and nonpro- 
liferative (metamyelocyte, band, and polymorphonuclear neutro- 
phil) myeloid cells and others (which included stromal cells). 

Biologically active CSF was measured by assessing colony num- 
ber when | x 10° fresh murine bone marrow cells were cultured for 
CFU-C in the presence of 10% supernatant from LTBMCs. The 
method used was that described by Worton and colleagues.” Medium 
consisted of 0.8% methylcellulose, 30% fetal bovine serum (FBS) 
(Flow Laboratories) and 1% bevine serum albumin (BSA) (Sigma, 
St Louis). The culture was added to a 35-mm dish and incubated for 
seven days in a water-jacketed incubator at 37°C in an atmosphere 
5% CO,. Asa positive control, CFU-C were measured using LCM as 
the source of CSF.” The concentration of LCM used was that which 
caused maximal stimulation of colony formation. Additional cul- 
tures used, as a negative control, fresh medium used to refeed 
LTBMC. Three CFU-C cultures were set up for the assay of each 
sample. With an inverted microscope, colonies of 250 cells were 
counted on day 7 after the culture was initiated. Immunoreactive 
CSF was measured by a double-antibody radioimmunoassay 
(RIA) JE? 

In some studies, the effect of adding small volumes of LCM, a 
tenfold concentrate of LTBMC supernatant obtained 24 hours after 
refeeding, or purified L cell CSF on myeloid cell production was 
examined. The L cell CSF was produced by culture of murine L cells 
in serum-free CMRL 1066 medium. A 10-L pool of conditioned 
medium was concentrated 250-fold by ultrafiltration using an Ami- 
con PM 10 membrane. This material was applied to an affinity 
column to which purified anti-CSF was bound covalently. After 
being washed with buffer, the purified CSF was eluted with 2 mol/L 
of guanidine, pH 4.0" The final material appeared homogenous in 
sodium dodecyl sulfate (SDS)-acrylamide gel and had a specific 
activity of 7.5 x 107 U/mg of protein. 

Antibodies to CSF were produced in a New Zealand white rabbit 
by multiple intradermal injections of 20 ug of purified CSF emul- 
sified in Freund’s complete adjuvant. >" The antiserum used in 
these studies had a 50% neutralization titer of 1:2048 as judged by 
assay against an L cell CSF standard. 


RESULTS 


In a first series of experiments, LTBMC cell number, 
myeloid cells, and CSF from week-4 cultures were measured 
for 7 consecutive days beginning at the time of refeeding. 
Each day, six culture wells were examined; the results 
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represent the mean (= SEM) of seven experiments con- 
ducted over | week (Fig 1). Refeeding of the culture 
increased the total cell number significantly three days later 
(P < .001), returning to the premedium change value by day 
7. This cell increase was due exclusively to increases in the 
number of myeloid cells. Proliferative myeloid cells reached 
a peak two days after feeding, and nonproliferative myeloid 
cells achieved maximal levels four days after feeding (Fig 1B 
and C). The biologic CSF activity in the supernatant one day 
after refeeding was significantly higher than the value prior 
to refeeding (P < .001). CSF levels decreased over subse- 
quent days, returning to basal levels by day 4 (Fig 1D). 

To determine whether the increase in biologic CSF was 
paralleled by quantitative increases in immunologically mea- 
surable CSF, a study was undertaken in which LTBMC 
supernatant, obtained at daily intervals for 1 week. was 
simultaneously assayed for CSF by both bioassay and 
radioimmunoassay. The results showed a prompt rise 24 
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Fig 1. Daily fluctuations in totai cell number (A) and in 
nonproliferative (B) and proliferative (C} myeloid cells in long-term 
bone marrow cuiture (LTBMC); biologic colony-stimulating factor 
{CSF} expressed as CFU-C/10° marrow cells (D). Results show 
daily measurements obtained from six wells prior to and for seven 
days after medium changes starting 4 weeks after culture initia- 
tion. Each value represents the mean of seven separate 1-week 
studies. 


ROLE OF CSF IN MYELOPOIESIS 


hours after feeding in both biologically active and immuno- 
logic CSF (Fig 2). Thereafter, both measurements returned 
toward basal levels. 

In these studies, highly significant increases in CSF 
occurred prior to a wave of increased granulopoiesis. Previ- 
ous reports showed that midweek feeding of LTBMCs 
increased total cell production.'® We therefore investigated 
the effect of a midweek medium change four days after 
feeding and demonstrated a significant increase in total 
LTBMC cell and myeloid counts three days later (Fig 3). 
This wave of increased myelopoiesis was preceded by signifi- 
cant increases in biologic CSF that was maximal one day 
after midweek feeding. 

Subsequent studies examined the effect on cell production 
of adding CSF alone to LTBMCs. In these experiments, 
three separate CSF preparations were studied. These 
included the addition of known concentrations of CSF con- 
tained in LCM, purified CSF prepared from L cell medium, 
or CSF contained in tenfold-concentrated supernatant 
obtained from LTBMCs 24 hours after medium change. In 
these studies, the refeeding of the fifth week (corresponding 
to day 7 of the studies described above) was replaced by the 
addition of 40 aL of the solution containing the CSF being 
tested. Control cultures received 40 uL of an identical 
solution that did not contain CSF. In these cultures, signifi- 
cant reductions in total cell numbers per well occurred over 
the subsequent days (Fig 4). In contrast, when 40 uL of 
LCM was added to cultures, a significant increase in total 
cell and myeloid number in each well occurred over the next 
three days (P < .001, Fig 4). A significant increase in total 
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Fig2. Comparison of biologically measurable colony-stimulat- 
ing factor (CSF) (@——@) and immunoreactive CSF (4---a) in the 
supernatants of long-term bone marrow cultures (LTBMCs) prior 
to and for seven days after medium change. Study began 4 weeks 
after culture initiation. Each value is the mean of CSF levels in six 
cultures harvested simultaneously for biologic and immunologic 
assay. 
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Fig3. Effect of weekly medium change or midweek feeding on 
total cell number (A} and on nonproliferative {B} and proliferative 
(C) myeloid cells in long-term bone marrow cultures (LTMBCs}. 
biologically measurable colony-stimulating factor (CSF) (ex- 
pressed as CFU-C/10° marrow cells) {D}. Dotted line for the first 
four days corresponds to the mean values shown in Fig 1 and is 
included to allow better interpretation of data. The effect of 


midweek feeding (a—-—4) with corresponding controls (@-—@) 
was undertaken on day 4 and followed until day 7. 


cells and myeloid cells in each well occurred when LCM 
containing similar levels of CSF was added to LTBMCs four 
days after refeeding. The effect of adding purified L cell CSF 
or CSF concentrated from LTBMC supernatant to the 
cultures is shown in Table 1. With either form of CSF, a 
significant increase in both total and myeloid cell production 
occurred (P < .001 for L cell:CSF, P < 0.02 for concen- 
trated CSF). 

In LTBMCs with active hematopoiesis, fluctuations in 
CSF levels and myeloid cell counts occur when the culture 
medium is changed. A previous study by Heard and 
colleagues suggested that the fall in measurable CSF is 
related to consumption of this material by proliferative 
myeloid cells. Hence, daily fluctuations of CSF were studied 
in a LTBMC free of myelopoiesis by examining cultures 
initiated in the absence of hydrocortisone. Four weeks after 
initiation, these cultures consisted exclusively of stromal- 
related cells. In these cultures, minimal fluctuations 
occurred in daily total cell number or CSF levels (Fig 5). The 
level of biologically active CSF at the time of medium 
change in these cultures was significantly higher than in 
hydrocortisone-containing cultures with active myelopoiesis 
(P < .001). 

Following a peak at 24 hours after medium change, CSF 
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Fig 4. The effect of the addition of 40 ul of lung-conditioned 
medium (LCM) (containing a colony-stimutating factor (CSF) ievel 
of 136.6 + 10.8 CFU-C/10° cells} to long-term bone marrow 
culture (LTBMC) four days or seven days after medium change. 
Dotted line for the first four days corresponds to the mean values 
shown in Fig 1 and is included to allow better interpretation of the 
data. The addition of LCM on day 4 (a~-—A) or day 7 (v—-—vw) 
after medium change resulted in significant increases in total cell 
number (A), and in nonproliferative (B) and proliferative (C) 
myeloid celis. This increase is contrasted with reduction in cell 
numbers when control cultures received 40 uL of an identical 
solution not containing CSF on day 4 or day 7 (@——-@). Biologic 
measurements of CSF (expressed as CFU-C/10° marrow cells} 
were increased in the supernatant on the day that LCM was added 
to the culture (D). 


levels in LTBMCs markedly decreased over the subsequent 
days. The measured decrease in the biologic CSF level may 
be due to the presence of an inhibitor of CFU-C growth in 
the culture. To test this possibility, a biologic CSF assay was 
made in which the LTBMC supernatant, with an optimal 
concentration of LCM or LCM added that resulted in a 50% 
stimulation of CFU-C production, was tested for CFU-C 
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growth. As shown in Fig 6, no inhibitor or promoter of 
CFU-C growth could be detected in this system. 

The effect of adding an antiserum against L cell CSF to 
LTBMC at the time of medium change was then examined. 
Preliminary studies showed that a dilution of 1:100 of this 
antiserum neutralized 100% of the CSF contained in 
LTBCM supernatant 24 hours after medium change. Stud- 
ies were made at the time of routine feeding 4 weeks after 
culture initiation. Antiserum, at a final dilution of 1:100, was 
added to half the cultures. The remaining cultures received 
an identical concentration of a control rabbit serum. The 
presence of antiserum in the medium totally neutralized 
supernatant CSF leves (Table 2). Despite a decrease in 
measurable CSF in the supernatant, no inhibition of cell 
production occurred in LTBMC. In a further study, the 
effect of adding a higher concentration of antiserum (1:17) 
to cultures was examined. Even at this level, no decrease in 
myelopoiesis occurred in cultures despite complete neutral- 
ization of supernatant CSF (Table 2). 


DISCUSSION 


Although CSF is essential for the clonal growth of com- 
mitted myeloid progenitor cells in vitro, its role in the 
regulation of myelopoiesis in vitro and in vivo is not com- 
pletely understood. The presence of CSF is required contin- 
ually for primitive myeloid progenitor cells to mature into 
recognizable colonies.” Although correlative studies have 
suggested a relationship between levels of serum CSF and 
myelopoiesis,'*”° speculation continues over the in vivo role 
of CSF. Recent evidence in LTBMC studies provides support 
for a regulatory role of CSF in myeloid cell proliferation. The 
results we describe complement the reports of Heard and 
colleagues and Gualtieri and co-workers, which demon- 
strated high CSF levels when myelopoiesis was decreased or 
suppressed and vice versa.*’ The method we used allowed 
examination of the relationship of CSF to myeloid cell 
production on a day-to-day basis. We demonstrated that 
weekly or midweek feeding of cultures was followed by a 
wave of increased myelopoiesis that was invariably preceded 


Table 1. Effect of Addition of CSF on Total Cell Production in LTBMC 





Purified L 














CSF in Lung- CSF Concentrated “rom 
Control Conditioned Medium LTBMC Supernatant Celi CSF 
Days After & aie 
Refeeding Celi Count* CSFt Cell Count CSF Cəlil Count CSF Cell Count CSF 
7 1.518¢ 6.9 — 136.6 — 157.3 —_ 152.7 
(0.152) {1.7) (10.8) (15.8) (12.5) 
8 1.415 4.0 1.510 118.0 1.564 85.6 1.725 161.6 
(0.115) (1.5) (0.186) (3.7) (0.195) (5.7) (0.169) (8.6) 
9 1.215 3.4 1.627 69.3 1.457 84.4 1.849 78.3 
(0.085) (1.1) (0.063) (6.0) (3.100) (6.5) (0.242) (9.3) 
10 1.108 3.8 1.703 49.8 1.641 17.0 1.814 55.6 
(C.069) (1.1) (0.143) (7.6) (0.043) (1.8) 


(0.075) (3.5) 





CSF, colony-stimulating factor: LTBMC, long-term bone marrow culture. 


Forty microliters of CSF in LCM. purified L cell CSF, or CSF concentrated from LTBMC was added to culture seven days after medium change. Control 
cultures received 40 ul of an identical solution not containing CSF. The CSF concentration in LCM was 341.5 CFU-C/10° cells/mL. CSF concentration 
for L cell CSF was 381.7, and the concentrated supernatant from LTBMC was 393.5 CFU-C/10° cells/mL. 


*Cell count x 10°/well. 
+CSF expressed as CFU-C/10* bone marrow cells. 
tMean (+ SEM). 
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Fig 5. Comparison of daily total celi number (top) and biologic 
colony-stimulating factor (CSF) (bottom) in long-term bone mar- 
row cultures({LTBMCs) initiated with (@---@) or without hydrocor- 
tisone (a-—-a). CSF is expressed as CFU-C/ 10° marrow cells. 


by significant increases in CSF measured either biologically 
or immunologically, which strongly suggests a direct cause- 
and-effect relationship. This finding confirms a recent report 
showing an increase in CSF following medium change in 
flask cultures.?! We believe that the failure to detect signifi- 
cant levels of CSF in culture in early studies is related to the 
time at which the supernatant was sampled (seven days after 
medium change). 

We also, for the first time, demonstrated that the addition 
to LTBMCs of high concentrations of various forms of CSF 
alone (iz, without medium change) caused an increase in 
myeloid cell production that equaled that which occurred 
when whole medium was added to the culture. Similar 
increases in myelopoiesis were observed when the CSF 
contained in LCM, purified L cell CSF, or CSF concentrated 
from LTBMCs was added to the culture. This result con- 
trasts to the study of Dexter and Shadduck,* who could not 
demonstrate an effect on myeloid cell production due to the 
addition of standard or pure L cell CSF to LTBMC. We 
believe that this is related to the dose of CSF added to culture 
(120 U/mL in the earlier study as compared with 380 U/mL 
in this report) and to examination of the culture only seven 
days after the addition of CSF. If these cultures had been 
examined daily, the results probably would have been similar 
to ours. The fact that L cell CSF stimulated myelopoiesis is 
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Fig 6. The presence or absence of promoters or inhibitors ot 
colony-stimulating factor (CSF) in supernatant collected from 
long-term bone marrow cultures (LTBMCs) in Linbro-well cultures 
prior to and daily for seven days after medium change. Results 
demonstrated CFU-C production when LTBMC supernatant was 
cultured with lung-conditioned medium {LCM} that maximally 
stimulated CFU-C growth (4---a) or with LCM that stimulated 
CFU-C growth to 50% of maximum (@-——-@). Horizontal bars: mean 
(+ SEM) CFU-C obtained when marrow was cultured for CFU-C 
with LCM alone. 


of additional interest. This finding is not compatible with the 
belief that L cell CSF stimulates only macrophage prolifera- 
tion. L cell CSF may also enhance myelopoiesis indirectly by 
stimulating microenvironmental cells to produce a myeloid 
cell-specific CSF. 

CSF levels were increased in supernatants from LTBMC 
initiated in the absence of hydrocortisone. These cultures had 
an established adherent layer but did not produce myeloid 
precursors. The findings confirm previous reports that CSF 
levels increase in cultures in response to a reduction of 
myelopoiesis.©’ Consumption and degradation of CSF by 
proliferating myeloid cells has been reported previously and 
probably accounts for the lack of day-to-day fluctuations in 
CSF levels following medium change in these cultures. 

Previous studies either did” or did not‘ show inhibitors to 
CSF in the supernatants of LTBMCs. Other researchers 
demonstrated colony-promoting activity (CPA), which 
enhances CFU-C production by recruitment of stem cells 
from a pre~-CFU-C compartment.” To determine whether 
either inhibitors or promoters were present in the superna- 
tant of LTBMCs on a day-to-day basis, we measured biologi- 
cally active CSF in LTBMC supernatants mixed with LCM. 
This medium contained CSF that, either maximally or at 
50% of the maximum, stimulated CFU-C growth in vitro. 
With this approach, no inhibitor or promoter could be 
detected. The experimental conditions that we used to seek 
promoters or inhibitors to myelopoiesis in culture were 
identical to those used in the previous study.” We have no 
explanation for the discrepancy between our results and the 
previous report. 
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Table 2. Effect of CSF Antiserum on Cell Production in LTBMC 











Medium Change Plus Medium Change Plus Medium Change Plus 
Control Rabbit Serum Anti~CSF-Antiserum Anti-CSF-Antiserum 
Medium Change Alone (1:100) (1:100) (1:17) 
Days Cell Count* CSFt Cell Count CSF Cell Count CSF Cell Count CSF 
0 1.3254 1.0 — == — — — — 
(0.075) (0.5) 
1 1.358 30.9 1.475 32.9 1.570 0.8 1.425 o 
{0.158) (5.4) (0.134) (5.5) {0.080} (0.43 (0.093) 
2 1.797 25.3 1.706 15.0 1.670 0.7 1.825 0 
(0.332) (2.3) (0.142) (5.6) (0.259) {0.5} (0.085) 
3 2.086 10.2 2.100 3.0 1.929 0 2.177 0 
(0.208) (4.3) (0.252) {1.7} (0.269) (0.123) 





Abbreviations as in Table 1. 
Antiserum was added at the tme of medium change (day 0). Control cultures received either refeeding medium alone or medium containing control 


rabbit serum. 
*Cell count x 10° cells/well. 
+CSF expressed as CFU-C/10° bone marrow cells. 
tMean (+ SEM). 


Cells in the hematopoietic microenvironment evidently 
play an important role in the regulation of in vitro and in vivo 
myelopoiesis.”* These cells, which include monocytes, macro- 
phages, and fibroblastoid cells synthesize CSF, which in turn 
stimulates granulopoietic cells to divide. This function is 
believed to occur locally and to involve a CSF-mediated 
direct interaction between microenvironmental and myeloid 
cells. Our results, which demonstrated fluctuation in super- 
natant CSF that was temporally related to myelopoiesis, 
raise the possibility that CSF produced by the microenviron- 
ment is first excreted into the surrounding medium and then 
stimulates myeloid precursors. To test this possibility, we 
performed studies in which anti-CSF serum was added to 
LTBMC. Anti-CSF neutralized supernatant CSF, yet had 
no effect on myelopoietic cell production. This result sup- 
ports the previous observation that the addition of anti-CSF 
to culture at the time of medium change had no effect on 
supernatant cell recovery.’ A likely explanation of our results 


is that CSF levels in the supernatant must merely reflect 
CSF function within the microenvironment. This observation 
supports the concept that CSF acts by a cell-cell interaction 
between microenvironment and hematopoietic cells. Presum- 
ably, CSP in the medium is proportional to the CSF 
produced. Because CSF production precedes a wave of 
myelopoiesis, a role for the hormone in myelopoietic regula- 
tion is strongly supported. Because exogenous CSF also 
stimulates myelopoiesis, it too probably can react with 
microenvironmental cells to stimulate primitive myelopoietic 
cells to divide. Alternatively, the added CSF may stimulate 
microenvironmental cells to synthesize endogenous CSF or 
other factors, which in turn stimulates myelopoiesis. Because 
increased myelopoiesis occurs when CSF alone (ie, without 
medium change) is added to cultures, these results also 
indicate that CSF production rather than nutrient require- 
ment limits the rate of granulopoiesis in LTBMC. 
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Retinoic Acid Cooperates With Tumor Necrosis Factor and Immune Interferon in 
Inducing Differentiation and Growth Inhibition of the Human Promyelocytic 
Leukemic Cell Line HL-60 


By Giorgio Trinchieri, Mark Rosen, and Bice Perussia 


In this study, we analyzed the effect of tumor necrosis 
factor (TNF) on retinoic acid (RA)-induced myeloid differ- 
entiation of the promyelocytic HL-60 leukemia cell line. We 
show that flow concentrations of the two substances, 
almost inactive in inducing differentiation when used sepa- 
rately, induce differentiation when added simultaneously 
to the cell cultures. Cells simultaneously expressing both 
monocyte/macrophage phenotype (typically induced by 
TNF) and granulocyte characteristics (typically induced by 


EUKEMIA-DERIVED human myeloid cell lines, such 

as the promyelocytic HL-60,' are often used as models 
to study terminal differentiation of myelomonocytic cells. 
Dimethylsulfoxide (DMSO), retinoic acid (RA),’ and other 
substances induce HL-60 cells to differentiate along the 
myeloid lineage, whereas |2-O-tetra-decanoyl phorbol-13- 
acetate (TPA),* 1,25-dihydroxyvitamin D}, and leukocyte 
products contained in medium conditioned from phyto- 
hemagglutinin (PHA)-activated leukocytes (PHA-CM)** 
induce them to differentiate into cells with characteristics of 
monocyte/macrophages. We’ demonstrated that PHA-CM 
in which immune interferon (IFN-y) is neutralized with 
specific antibodies or antibodies from which IFN-y has been 
removed by immune affinity chromatography is less potent 
than untreated PHA-CM in inducing differentiation of 
human myeloid cell lines and fresh myeloid leukemia cells. 
IFN-y, however, exists in PHA-CM in concentrations insuf- 
ficient to account for its differentiation-inducing activity, 
and other factors have been detected in IFN-y—depleted 
PHA-CM that synergize with IFN-y to induce differentia- 
tion.’ 

Recently, purification and cloning of the genes for tumor 
necrosis factor (TNF) and lymphotoxin (LT) have allowed 
more detailed studies of the biology of these cytotoxins.'*" 
The two cytotoxins also appear to mediate regulatory effects 
on various cell types, eg, they act as growth factors on 
fibroblasts'*'* and regulate proliferation, differentiation, and 
functions of myelomonocytic cells at all stages of differentia- 
tion.'’ In particular, we demonstrated that a soluble factor 
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RA) are induced by a combination of the two factors, 
indicating that TNF and RA potentiate each other's activi- 
ty. The results obtained using immune interferon (IFN-Y) in 
combination with the two inducers suggest that the mech- 
anism of action of TNF and IFN-y are possibly different. 
The inhibitory effect of RA on the expression of HLA class | 
antigens and of the high-affinity Fc receptor is potentiated 
by TNF but completely reversed by riFN-y. 

e 1987 by Grune & Stratton. inc. 


that inhibits myeloid and erythroid colony formation in vitro 
is produced by natural killer (NK) cells!” and has character- 
istics of TNF, and that LT and IFN-y, produced by mitogen- 
activated T cells, act synergistically to block colony forma- 
tion.'? We also showed that cytotoxins TNF or LT at 
concentrations on the order of 10° mol/L induce monocytic 
differentiation of human myeloid cell lines”? and act syner- 
gistically with IFN-y. 

The possibility of using inducers of differentiation fer the 
therapy of leukemias or other tumors has recently received 
considerable interest. Of the many agents that induce differ- 
entiation of HL-60 cells, RA has until now been considered 
one of the inducers of possible therapeutic use because it is 
active in vitro at physiologic concentrations,’ induces differ- 
entiation of fresh leukemia cells in primary cultures,” and is 
effective in vivo on patients with acute promyelocytic leuke- 
mia.”?? Cooperation between suboptimal concentrations of 
RA and the differentiation inducer(s) contained in PHA- 
CM in inducing differentiation of HL-60 cells have been 
reported.“ LT" and low levels of TNF (G. Trinchieri, M. 
Rosen, and B. Perussia. unpublished observations) are con- 
tained in PHA-CM anc, at least in part, are responsible for 
its differentiation-inducing activity, synergistic with IFN-y, 
present in the PHA-CM. In the present study, we analyzed 
the combined effect of TNF and RA on the differentiation of 
HL-60 cells. Concentrations of the two substances, almost 
inactive by themselves, induced most HL-60 cells to differen- 
tate when added simultaneously to the cultures. The com- 
bined effect of the two substances powerfully induced cells 
simultaneously expressing both monocyte/macrophage 
markers, typically induced by TNF, and granulocyte charac- 
teristics, typically induced by RA. 


MATERIALS AND METHODS 


Monoclonal antibodies. Monoclonal antibodies B9.8, B52.1, 
B33.1, and B137.17 were produced and characterized in our labora- 
tory; OKM1, 5E9, W6.32, and BBM 1 were produced from cell lines 
obtained from the American Tissue Culture Collection (Rockville, 
MD); 3G8 was kindly donated by Dr J. Unkeless (Mount Sinai 
School of Medicine, New York). and KuFc79 was a gift of Dr P. 
Gambel (Medical College of Virginia). Antibodies B9.8 (1gM.?°) 
and OKM1I (IgG2b, anti-C3bi receptor,” ) react with two distinct 
antigens expressed on all differentiated neutrophilic granulecytes 
and monocytes and start to be expressed, during differentiation, at 
the myelocytic and promyelocytic stages, respectively. Antibody 
B52.) (1gM.*) reacts with all peripheral blood monocytes and all 
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a-naphthyl acetate esterase (ANAE)-positive cells in the bone 
marrow, and cross-competes for binding to monocytes with antibody 
Mo2.” Antibody W6.32 (IgG2a,”) reacts with HLA class I anti- 
gens, antibody BBM 1 ([gG2a,”) reacts with 8,-microglobulin, and 
antibody B33.1 (IgG2a,"') reacts with HLA class II antigens. 
Antibody 5E9 (IgG1,) reacts with the transferrin receptor. Anti- 
body 3G8 (lgG1,”) reacts with a surface molecule of mol wt 50,000 
to 72,000 identified as the low-affinity receptor for aggregated IgG 
on neutrophilic granulocytes, NK cells, and macrophages. The 
mouse monoclonal IgG2a B137.17 is an Ig of unknown specificity 
selected on the basis of its high-affinity binding, in monomeric form, 
to the IFN-y-inducible FeR on monocyte and myeloid cell lines.” 
The binding of B137.17 to cells is Fe fragment dependent, and is 
blocked by monomeric human IgG! and IgG3 and murine IgG2a 
and lgG3. Sepharose-linked B137.17 precipitates from human 
monocytes and myeloid cell lines a molecule of mol wt 70,000, 
identified as the high-affinity FeR for monomeric IgG. Antibody 
KuFc79 (lgG2b,™) reacts with a 42,000-dalton FcR species present 
on monocytes, granulocytes, and B cells 

Cytokine preparations. Purified human recombinant IFN-y 
(rlFN-~y) from Escherichia coli was kindly supplied by Dr H. M. 
Shepard (Genentech, South San Francisco) and has an antiviral 
activity titer of 7 x 10’ U/mg of HeLa cells. Two preparations of 
human recombinant TNF (rTNF) were used in this study with 
identical results: one (90% pure, 10’ U/mg as tested on L-929, a 
subline, cells) was kindly supplied by Dr J. S. Price (Cetus, 
Emeryville, CA), and the other (electrophoretically homogeneous, 
5 x 10’ U/mg) was supplied by Dr H. M. Shepard (Genentech). 

Induction of myeloid cell lines. HL-60 cells were seeded at 
1.5 x 10° cells/mL in RPMI 1640 medium (Flow Laboratories, 
Rockville, MD) supplemented with 15% fetal bovine serum (FBS). 
The various inducers of differentiation were present throughout the 
culture period. All-trans-RA (Sigma) was dissolved in ethanol (0.3 
mg/mL) 

Cytochemistry. Staining for ANAE was according to Platt.” 
Ability of the cells to reduce nitroblue tetrazolium (NBT, Sigma) 
was determined by mixing on a microscope slide | vol of cells in 
medium (5 x 10° cells/mL) and 1 vol of |} mg/mL of NBT in NaCl 
0.15 mol/L. After a 30-minute incubation at 37°C in a humidified 
atmosphere, slides were dried, stained with Wright’s-Giemsa, and 


Fig 1. Morphology of HL- 
60 cells cultured in the pres- 
ence of retinoic acid (RA) and/ 
or recombinant tumor necrosis 
factor (rTNF). Cytocentrifuge 
smears were prepared from 
HL-60 cells, cultured for five 
days in the presence of the 
inducers, and stained with 
May-Grunwald-Giemsa. HL-60 
cells were cultured in: (A) cul- 
ture medium, or in culture 
medium supplemented with (B) 
10 nmol/L of RA; (C) 300 nmol/ 
L of RA; (D) 10 U/mL of rTNF; 
(E) 10 U/mL of rTNF and 10 
nmol/L of RA: (F) 10 U/mL of 
rTNF and 300 nmol/L of RA. 
(Magnification x690.) 
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the percentage of cells containing blue-black formazan deposits was 
scored from at least 200 cells 

Indirect immunofluorescence, cell cycle analysis, and *H-thymi- 
dine ('H-TdR) incorporation 
cytometry), cell cycle analysis by staining of DNA using propidium 
iodide, and *H-TdR incorporation, were performed as previously 
described in detail.” 


Indirect immunofluorescence (flow 


RESULTS 


Morphological changes in HL-60 cells cultured with RA 
and TNF. When cultured in 300 nmol/L of RA for five 
days, most HL-60 cells acquired the morphology of mature 
myeloid cells, from myelocytes to polymorphonuclear cells 
(Fig 1C). Little or no morphological differentiation was 
observed with 10 nmol/L of RA (Fig 1B). Treatment of 
HL-60 cells with rTNF (10 U/mL) resulted in minimal 
morphological changes: TNF-treated HL-60 cells (Fig 1D) 
became smaller and more irregular, and the proportion of 
cells with nucleoli and primary granules was lower than in 
control untreated cultures. In cultures with 10 nmol/L of RA 
and 10 U/mL of rTNF, with or without rlFN-y, a large 
proportion of HL-60 cells appeared to have mature myeloid 
morphology, including polymorphonucleated cells (Fig 1E) 
Addition of 10 U/mL of rTNF to HL-60 cell cultures in the 
presence of 300 nmol/L enhanced the formation of cells with 
mature myeloid morphology: Almost all HL-60 cells on day 
5 of culture acquired the morphology of polymorphonuclear 
granulocytes (Fig 1F). 

Induction of differentiation of HL-60 cells by TNF and 
RA. As previously shown,” a proportion of HL-60 cells 


cultured for five days in the presence of TNF expressed the 
monocyte-specific antigen recognized by antibody B52.1, the 
myelomonocytic antigen OKMI at higher density than 
untreated cells, ANAE activity, and ability to reduce NBT 
(Fig 2 and Table 1). The expression of the myelomonocytic 
antigen recognized by antibody B9.8 was also increased (not 
shown), whereas the proportion of cells bearing transferrin- 
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Fig 2. Expression of surface antigens on HL-60 cells cultured 
with retinoic acid (RA) and/or recombinant tumor necrosis factor 
(r TNF). The phenotype of HL-60 cells, cultured for five days with 
the addition of the indicated inducers, was studied using the 
indicated antibodies. On the histograms, the x axis represents the 
intensity of green fluorescence on an exponential scale; the y axis 
represents the number of cells; the thin line histograms represent 
the fluorescence of control cells in the absence of the monoclonal 
antibodies; the thick line histograms represent the fluorescence of 
the cells stained with the indicated monoclonal antibodies. The 
values in the top right corner of each histogram are the percent- 
ages of positive cells, calculated as described in the Materials and 
Methods section. Results are representative of six experiments 
with comparable results. 


receptor, as detected using antibody 5E9, was slightly 
decreased (Fig 3). rIFN-y alone (100 U/mL) had only a 
minimal effect on the expression of monocytic or myelo- 
monocytic antigens and on ANAE or NBT reduction activi- 
ties (Figs 2 and 3B, Table 1). Addition of rIFN-y to TNF 
potentiated its ability to induce differentiation markers in 
HL.-60 cells: previously reported experiments” demonstrated 
that the two factors act synergistically. Most HL-60 cells 
were induced by 300 nmol/L of RA to express the myelo- 
monocytic antigens recognized by antibodies OK M1 (Fig 2) 
and B9.8 (not shown); no induction was observed using 10 
nmol/L of RA; however, 10 nmol/L of RA potentiated the 
ability of rTNF, alone or in combination with rlFN-y, to 
induce the two antigens. The number of HL-60 cells reduc- 
ing NBT was modestly increased by 10 and 300 nmol/L of 
RA; RA, at both concentrations, acted synergistically with 
rTNF and rIFN-y in inducing NBT reduction activity in 
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Table 1. Induction of ANAE Activity and NBT Reduction Activity 
in HL-60 Celis Cultured with rTNF, riFN-y, and RA 














anaa hist Aik = ANAE NBT Reduction 
RA riFN-y rTNF Positive Celis Positive Calls 
{amot/L) {U/mL} iUymt) Percent Percent 
— == —— 1.4 1.7 
= 100 —_ 3.7 8.0 
ond — “0 14.3 17.7 
-— 100 10 40.2 59.6 
10 — —~ 1.6 12.3 
10 100 — 4.4 14.3 
10 — 10 11.8 43.3 
10 100 “0 81.8 93.1 
300 — — 3.9 22.3 
300 100 — 6.2 71.1 
300 — 10 53.0 68.6 
300 100 10 77.9 86.0 





ANAE, &-naphthyi acetate esterase; r™NF, recombinant tumor necro- 





sis factor; rlFN-y, human recombinant imterferon-y, RA, retinoic acid; 
NBT, nitroblue tetrazolium. 

HL-60 cells were cultured for five days with the indicated inducers and 
analyzed for ANAE and NBT reduction activities as described. Results are 
from one representative experiment of four experirnents performed with 
similar results. 
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Fig3. Synergistic effect of recombinant tumor necrosis factor 
IrTNF}, human recombinant interferon-y {riFN-y). and retinoic 
acid (RA) on the expression of the transferrin receptor, detected 
by antibody 5E9 (A), ard of the monocyte-specific antigen 
detected by antibody B52. (B). HL-60 cells were cultured for five 
days with the indicated concentrations of r TNF in medium contain- 
ing or not containing RA and riFN-y, washed, and tested by 
indirect immunofiuorescence (flew cytometry) for expression of 
the indicated surface markers. HL-60 cells were cultured in 
medium containing: neither RA nor riFN-y {O}; 100 U/mL of riFN-y 
{@); 10 nmol/L of RA {O}; 10 nmol/L of RA and 100 U/mL. of riFN-Y 
{R} 300 nmol/L of RA (A): and 300 nmol/L of RA and 100 U/mL of 
riFN-y (a). 
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HL-60 cells (Table 1). The expression of transferrin receptor 
as detected by antibody 5E9 (Fig 3A) was decreased by RA, 
and, more efficiently, by RA and rTNF; no synergism 
between rIFN-y and RA in inhibiting transferrin receptor 
expression was observed. Finally, two monocytic markers, ie, 
the antigen recognized by antibody B52.1 (Fig 2) and 
ANAE activity (Table 1), were not induced by RA alone, 
but RA, at both 10 and 300 nmol/L, strongly potentiated the 
ability of rTNF, alone or in combination with rIFN-y, to 
induce these markers in HL-60 cells. rT NF, at doses as low 
as 1 U/mL, significantly potentiated the effect of RA in 
reducing expression of transferrin receptor (Fig 3A), 
whereas the effect on the expression of B52.1 antigens was 
observed at rf NF doses =3 U/mL (Fig 3B). The effect on 
the expression of the two antigens was dose-dependent up to 
the highest concentration tested (200 U/mL of rT NF) and 
was potentiated by the presence of 100 U/mL of rIFN-y 
(Fig 3). The analysis of these quantitative data demonstrated 
that the effects of the combination of RA and TNF on 
surface antigens expression are synergistic. A similar conclu- 
sion was derived from dose-response experiments (not 
shown) on the induction of ANAE activity and NBT reduc- 
tion activity. 

Cooperation between RA and rT NF in inhibiting prolifer- 
ation of HL-60 cells. RA at 300 nmol/L almost completely 
suppressed *H-TdR incorporation by HL-60 cells cultured 
for five days (Table 2). At 10 nmol/L of RA, the inhibition 
was partial but became almost complete in the presence of 
rTNF. rlIFN-y did not potentiate the ability of RA to 
suppress *H-TdR incorporation in these cultures. Cell cycle 
analysis of proliferation revealed that almost no HL-60 cells 
were in S phase on day 5 of culture in the presence of 300 
nmol/L of RA, rT NF, and rlFN-y, but that a proportion of 
cells was in G2 phase after culture in the presence of 300 
nmol/L of RA. At 10 nmol/L of RA, only a modest effect 
was observed on the distribution of the cells in the cell cycle, 
but addition of rT NF produced a profound decrease of cells 
in S phase, with some cells remaining in G2 phase, as was 
observed at higher RA concentrations. 

Expression of different FcR types and HLA class I 
antigens on HL-60 cells induced with rTNF, rIFN-y, and 
RA. The results of the analysis of FcR expression on 
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HL-60 cells during differentiation are shown in Table 3. The 
low-affinity FcR of neutrophils, NK cells, and macrophages 
recognized by antibody 3G8 was poorly induced by rTNF, 
rIFN-y, or RA alone, but was significantly induced by the 
combination of RA with rTNF or rlFN-y. When HL-60 
cells were cultured in the presence of the three inducers 
together, 3G8 antigen was induced in almost 50% of the cells. 
The expression of the 42,000-dalton FcR of neutrophils, 
monocytes, and B cells recognized by antibody KuFc79 was 
not significantly affected by rTNF and rlFN-y, but the 
proportion of positive cells was strongly reduced in cultures 
with 10 or 300 nmol/L of RA. The inhibition of KuFe79 
antigen expression by RA was partially reversed when either 
rTNF or rlFN-y was present in the cultures, and the reversal 
was even greater when both were present. Expression of the 
high-affinity FcR for monomeric IgG, detected by binding of 
monoclonal [gG2a B137.17, was strongly enhanced by 
rlFN-y but not by rT NF (Table 3). rT NF, however, poten- 
tiated the effect of rIFN-y in inducing the receptor. RA, at 
10 or 300 nmol/L, strongly suppressed the expression of the 
high-affinity FcR; rT NF potentiated the inhibitory effect of 
RA on induction of this FeR, whereas rIFN-y completely 
reversed it. 

Both rTNF and rIFN-y increased expression of HLA 
class I antigens (as detected by antibody W6.32) and By 
microglobulin (as detected by antibody BBM!) on HL-60 
cells when used alone; a much better induction was observed 
in most but not all experiments when a combination of the 
two cytokines was used (not shown). RA at 300 but not at 10 
nmol/L decreased expression of HLA class | antigens on 
HL-60 cells. rT NF, which by itself increases HLA class 1 
antigen expression on HL-60 cells, potentiated the inhibitory 
effect of 300 nmol/L of RA and decreased HLA class Í 
antigens expression in the presence of 10 nmol/L of RA. 
Unlike rTNF, rlFN-y strongly increased HLA class | anti- 
gen expression in the presence of either 10 or 300 nmol/L. of 
RA. 


DISCUSSION 


RA is a potent inducer of myeloid differentiation in vitro 
of promyelocytic cell lines and of fresh leukemic cells from 
patients with acute promyelocytic M3 leukemia. The 


Table 2. Effect of rTNF, riFN-y, and RA on the Proliferation of HL-60 Celis 








Inducer 





None 

riFN-y, 100 U/mL 

rTNF, 20 U/mL 

rlFN-y, 100 U/mL + rTNF, 100 U/mL 

RA, 10 nmol/L 

RA, 10 nmol/L + riFN-y, 100 U/mL 

RA, 10 nmol/L + rTNF, 20 U/mL 

RA, 10 nmol/L + riFN-y, 100 U/mL + rTNF, 20 U/mL 
RA, 300 nmol/L 


Percentage of Cells in 





5H-TdR Uptake 








cpm (% Inhibition) GO/G1 S G2/M 
96,655 48.9 33.4 17.7 
78,090 (20.2) 56.8 35.0 8.2 
46,572 (51.8) 55.6 33.2 114.14 
33,095 (65.8) 62.9 32.5 4.6 
26,255 (72.8) 69.2 22.6 8.3 
20,321 (79.0) 64.9 17.0 18.2 

3,462 (96.4) 83.0 6.0 10.8 

5,349 (94.5) 89.3 1:7 9.0 

2,041 (97.9) 80.9 7.0 12.0 





Abbreviations as in Table 1. 


HL-60 cells were cultured for five days with the indicated inducers. To evaluate 3H-TdR uptake, cells were cultured in 96-well flat-bottomed microtiter 
plates (initial concentration 2 x 10* cells/well in 200 pL). Cultures were pulsed with 3H-TdR 1 uCi/well for six hours before harvesting. For cell cycle 
analysis (flow cytometry analysis of propidium iodide (P1)-stained cells), celis were cultured in flasks (initial concentration 1.5 x 10° cells/mL). Data are 
from one representative experiment of three experiments performed with similar results. 
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Table 3. Expression of FcR on HL-60 Cells Treated With rTNF, riFN-y, and RA 














Treatment* 
RA 300 nmol/L RA 10 nmol/t. 
Monoclonal TNF rTNF TNF 
Antibody None rTNF riFN-y +riFN-y — rTNF riFN-y +rlFN~y — rTNF riFN-y +NFN-y 
None 1.0+ 2.0 2.1 3.2 2.9 1.0 2.9 2.6 0.4 C.6 0.7 5.6 
3G8 10.7 18.5 18.7 25.1 15.1 40.0 33.7 44.7 11.8 28.7 18.2 42.0 
(72) (75) (87) (84) (86) (94) (87) (81} (87) (98) (89) (76) 
KuFc79 83.2 78.2 72.4 77.7 31.5 55.0 51.5 64.4 30.9 45.3 31.1 58.2 
(43) (44) (45) (51) (67) (63) (63) (82) (58) (64) (56) (71) 
B137.17 83.9 F2 93.4 94.5 49.1 11.8 89.7 89.0 48.6 37.0 94.2 86.2 
(53) (44) (104) (133) (33) (13) (120) (85) (30) (24) (117) (82) 











Abbreviations as in Table 1. 

*HL-60 cells were cultured for five days with rTNF (20 U/mL), rlFN-y (100 U/mL), RA (300 or 10 nmol/L), or a combination of the various factors. 
Results are representative of six experiments with comparabie results. 

tPercentage of positive cells as detected by indirect immunofluorescence (flow cytometry). The threshold fluorescence intensity at which 99% of the 
cells without first antibody added were negative was determined on HL-60 cells cultured in the absence of differentiation inducers and used for all the 


samples. 


Numbers in parentheses indicate average intensity of fluorescence (on an arbitrary linear scale from 1 to 200) of positive cells. 


human histiocytic cell line U937 is also induced to differen- 
tiate by RA,” but the human erythromyeloid leukemic cell 
line K562 and the myeloblastic leukemic cell line KG1” are 
not. RA, however, is a potent inhibitor of clonal growth not 
only of the HL-60 line, but also of the KG1 cell line that is 
not induced to differentiate by it,’ and of leukemic cells 
freshly obtained from chronic myelogenous leukemia 
(CML) or from acute myelogenous leukemia (AML) 
patients” of Mi, M2, and M3 stages. The concentrations of 
RA active in vitro in inducing differentiation of fresh 
leukemic cells or leukemia-derived cell lines as well as those 
inducing inhibition of clonal growth are in the order of 107° 
to 10~* mol/L and are obtainable in vive without prohibitive 
side effects”? In addition, RA is not toxic to normal 
hematopoietic precursor cells, but, on the contrary, signifi- 
cantly enhances the growth of normal hematopoietic colo- 
nies.“*! Other potent inducers of differentiation of myeloid 
cells such as TNF have, unlike RA, high systemic toxicity 
and are potent inhibitors of proliferation of both normal and 
leukemic hematopoietic progenitor cells, as well as of other 
cell types.'* These activities limit their therapeutic potential 
for treatment of leukemias or other malignancies. The syner- 
gistic interaction of RA with other differentiation-inducing 
factors offer the promising possibility to induce differentia- 
tion and growth inhibition of leukemic cells at concentrations 
of either factor that might not affect normal precursor cells 
or have a generalized toxic effect. 

RA is strongly synergistic with TNF in inducing differen- 
tiation of HL-60 cells, even at concentrations of 107° mol/L 
which, in the absence of TNF, are ineffective in inducing 
differentiation. The combination of 10° mol/L of RA and 
107" mol/L of TNF halts growth of HL-60 cells and induces 
expression of differentiation markers in almost all cells. An 
at least additive effect of IFN-y and RA in inducing 
differentiation of U937 cells has been reported by Gullberg 
and colleagues.” The synergy of IFN-y with RA is not as 
great as that of TNF and RA in inducing differentiation or 
growth inhibition of HL-60 cells, but the combination of the 
three factors often induces the most complete differentiation. 


When TNF is added to HL-60 celis cultured with doses of 
RA able to induce myeloid differentiation (3 x 10°’ mol/L), 
the generation of mature myeloid cell types is not prevented 
and the induced cells, although expressing specific monocytic 
markers such as ANAE and B52.1 antigen, have typical 
mature myeloid morphology. When TNF is added with 107° 
mol/L of RA, a concentration unable to induce morphoiogi- 
cal maturation of HL-60 cells, mature myeloid cell types are 
induced in the cultures. Thus, not only does RA potentiate 
the monocytic differentiation induced by TNF, but TNF 
potentiates the myeloid differentiation induced by RA, and 
cells with intermediate myelomonocytic characteristics are 
generated. Analogously, B52.1 monocyte-specific antigen 
expression is induced on HL-60 cells during the myeloid 
differentiation induced by DMSO* but not by RA, and 
intermediate myelomonocytic characteristics are induced in 
a subset of chronic myelogenous leukemia cells by PHA-CM 
and IFN-y.’ This lineage ambiguity is not peculiar to 
leukemic cells, because similar results have been obtained 
with normal bone marrow immature myeloid cells when 
forced to differentiate in vitro.’ 

The interplay between TNF, IFN-y, and RA in regulating 
expression of differentiation markers on HL-60 cells is best 
illustrated by the effect on HLA class I antigens and on the 
different types of Fc receptor. Both TNF and IFN-y increase 
expression of HLA class I antigens, as previously described 
with other cell types. The mechanism of action of the two 
cytokines is probably different, however, as suggested by 
results obtained in experiments in which HL-60 cells were 
tested with RA added. RA alone drastically decreases the 
expression of HLA class I antigens and TNF potentiates this 
inhibitory effect, whereas IFN-y completely reverses it, 
inducing high expression of HLA class I antigens on most 
cells. The increased expression of these antigens during 
monocytic differentiation and their decreased expression 
during myeloid differentiation parallel the high and low 
expression of HLA class I antigens on mature monocyte and 
granulocytes, respectively. The pattern of high-affinity FcR 
induction on HL-60 cells by the differentiation agents is 
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almost identical to that of HLA class I antigens. Again, the 
induction of high-affinity FcR during monocytic differentia- 
tion of HL-60 cells and its decreased expression during 
myeloid differentiation parallel the distribution of the FcR 
on normal differentiated cells, ie, high-level expression on 
monocytes and lack of expression on granulocytes, although 
in the latter cell type the high-affinity FcR can be induced by 
IFN-y.**“ The low-affinity FcR present on neutrophils but 
not on monocytes, as detected by antibody 3G8,” is 
expressed at higher levels on HL-60 cells when the myeloid 
differentiation induced by RA is potentiated by TNF. 
Expression of a third type of FcR recognized by antibody 
KuFc79** during the differentiation of HL-60 cells is inde- 
pendent of that of both the high-affinity and low-affinity 
FcR detected with IgG2a B137.17 and with antibody 3G8, 
respectively. 

The synergism of TNF with RA is similar to that reported 
by Olsson and colleagues for PHA-CM” and for the differ- 
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entiation-inducing factor purified from the HUT-102 cell 
line.” LT and, in some preparations, TNF, are responsible, 
at least in part, for the differentiation-inducing activity, 
synergistic with RA, present in PHA-CM,” whereas the 
differentiation factor produced by HUT-102 cells seems to 
be distinct from both LT and TNF on the basis of its 
biochemical characteristics. Understanding of the bio- 
chemical mechanism of the synergistic effect between TNF 
and RA might furnish important information on the regula- 
tion of growth and differentiation of normal and leukemic 
hematopoietic cells. To evaluate the therapeutic potential of 
the combined effect of the two inducers, it will be important 
to evaluate whether the combined substances affect norma! 
hematopoietic precursor cells in vitro and whether leukemic 
cell types, not affected by RA or TNF alone, are induced to 
differentiate and lose their proliferative ability with the 
combined treatment. 
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Pattern of Expression of HLA-DR and HLA-DQ Antigens 
and mRNA in Myeloid Differentiation 


By Thomas T. Amatruda Ill, Roger Bohman, John Ranyard, and H. Phillip Koeffler 


We examined the expression of HLA-DR and HLA-DQ 
antigens and mRNA from myeloid and lymphoid cells 
obtained from normal volunteers and established cell lines. 
Cytofluorometric analysis and immunoprecipitation were 
performed using murine monoclonal antibodies specific for 
HLA-DR (L-243) and HLA-DQ (Leu 10). The expression of 
mRNA for HLA-DR and HLA-DQ chains was determined by 
Northern blot and RNA dot-blot analysis. Lymphoid cell 
lines expressed both HLA-DR and HLA-DO antigens, with 
consistently higher levels of expression of DR. Myeloid cell 
lines of early myeloblast or bipotent (myeloid-erythroid) 
phenotype (KG-1, KG-1a, HEL) expressed HLA-DR at high 
levels, whereas cell lines manifesting a greater degree of 
myeloid maturation (ML-3, HL-60, U937) expressed DR at 
low or undetectable levels. The HLA-DQ antigen was 
expressed at low levels on the surface of KG-1 and KG-1a 
cells but was not detectable on other myeloid cell lines. 
The expression of mRNA for HLA-DR and HLA-DQ chains 


LTHOUGH EXPRESSION of MHC class I antigens 
is ubiquitous on murine and human cells, the pattern of 
expression of MHC class H antigens is tissue-specific and 
varies during differentiation. In humans, hematopoietic pre- 
cursor cells express HLA-DR antigens but their mature 
progeny do not, with the exception of macrophages.'* 
Expression of the other class H antigens DQ (DC, DS, MB) 
and SB has been less completely characterized. In previous 
studies on myeloid cells, expression of DQ antigens has 
apparently been at lower levels than DR expression.’ 
Expression of MHC class H antigens by monocytes and 
macrophages is of functional significance because these cells 
act as antigen-presenting cells (APCs) in generation of the 
immune response.'*? Antigen-presenting cells are charac- 
terized by their ability to act as accessory cells in stimulation 
of T cell proliferation in vitro and generation of antigen- 
specific T cell populations in vivo. These functions require 
the expression of appropriate MHC class I antigens, in 
addition to other properties specific to reticuloendothelial 
cells, such as phagocytosis and synthesis of degradative 
enzyme systems. The MHC type HH antigens on the monocyte 
surface may play a role as a specific binding site for the T cell 
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paralleled the pattern of expression of the respective 
antigens. The HL-60 and U-937 cells stimulated to differen- 
tiate in vitro to macrophages with 1,25 dihydroxyvitamin 
D, [1, 25(OH),D,] were induced to express detectable lev- 
els of HLA-DR antigens. Exposure to y-interferon (y-IFN) 
increased the expression of HLA-DR antigens by all myeloid 
cell lines. Induction of differentiation in vitro with either 
1,25(OH),D, or dimethy! sulfoxide potentiated this effect of 
+-IFN. Expression of the HLA-DQ antigens was increased 
on KG-1 myeloblasts after exposure to ‘y-IFN. HLA-DQ 
expression could not be detected on other myeloid cell 
lines after exposure to Y-IFN, nor was HLA-DQ expression 
stimulated by y-IFN after HL-60 and U-937 cells were 
induced to differentiate to macrophagelike cells in vitro. 
These results provide additional evidence that expression 
of the HLA-DR and HLA-DQ genes may be independently 
regulated in human myeloid cells. 

© 1987 by Grune & Stratton, Inc. 


antigen receptor.” Neither immature myeloid cells nor cells 
from human myeloid cell lines can function as APCs, 
although cells from myeloid lines may acquire the ability to 
stimulate T cell proliferation after differentiation of these 
cells in vitro.'* 

We previously reported that cells of a human promyelo- 
cytic leukemia cell line, HL-60, are induced to express 
HLA-DR antigen by exposure to recombinant human y- 
interferon y-IFN.' These cells failed to express detectable 
levels of HLA-DQ (DC) antigen or MRNA. We and others 
demonstrated that ~50% of human peripheral blood mono- 
cytes are discordant in expression of HLA-DR and HLA-DQ 
(HLA-DR+, HLA-DQ—).’*'>"’ Exposure of monocytes to 
y-IFN restored expression of HLA-DR and DQ to a variable 
extent. Taken together, these results suggest that the expres- 
sion of HLA-DR may be independently regulated in human 
myeloid cells. 

In the present study, we examined the pattern of expres- 
sion of HLA-DR and HLA-DQ antigens and mRNA in 
lymphoid and myeloid cell lines at several stages of differen- 
tiation. In addition, we used the myeloid cell lines to study 
the ontogeny of MHC class H antigen expression induced by 
y-IFN. 


MATERIALS AND METHODS 


RNA isolation, hybridization, and autoradiography. Hemato- 
poietic cells were homogenized in guanidine thiocyanate (Eastman 
Kodak. Rochester, NY), and RNA from the homogenate was 
isolated by centrifugation through a cesium chloride cushion as 
previously described.'* The poly (A)-containing RNA was enriched 
by oligo (dT)-cellulose chromatography.” Five micrograms of 
mRNA from each cell type were treated with 20 mmol/L of methyl 
mercuric hydroxide and electrophoresed in a 1.1% agarose /formal- 
dehyde gel buffered with MOPS. Subsequently, the gel was photo- 
graphed, equilibrated in 20 x SSC (standard saline citrate: 3 mol/L 
of NaCl, 0.3 mol/L of Na acetate, pH 6.8) for one hour with gentle 
rocking, transferred to Zetaprobe nylon membrane (Biorad, Rich- 
mond, CA) using 10 x SSC, prehybridized and hybridized to 
specific CDNA probes.®?! The cDNA probes were nick-translated® 


1225 


1226 


and used at a specific activity > 10° cpm/ug. Hybridized filters were 
washed in 2 x SSC at room temperature, and in 2x, |x, 0.5x and 
0.1 x SSC containing 0.1% sodium dodecyl sulfate (SDS) at 68°C 
for 10 minutes each. The filters were exposed to x-ray film (Kodak 
XAR-5) for varying lengths of time at ~70°C with an intensifying 
screen (DuPont, Wilmington, DE). Size of hybridizing RNA frag- 
ments was determined by comparison with 28S and 18S ribosomal 
RNA bands.” To reuse Zetaprobe blots, the first probe was eluted 
by washing the filter in 0.1 x SSC with 0.1% SDS at 95°C for two 
20-minute washes. The filter was autoradiographed to document 
removal of probe, and a second hybridization was performed. The 
relative intensity of hybridization of the cDNA probes to RNA blots 
was quantitated by laser densitometry, using a Joyce-Loeble 
densitometer. 

The cDNA clones used to probe RNA blots were described 
previously. The cDNA from tubulin™ was generously provided by 
W. Salser. Probes for the HLA-DR a chain were pHLA DR a and 
p-II-a-1, generously provided by B. Mach and colleagues” and D. 
Larhammar and colleagues,” respectively. The probe for the HLA- 
DQ a chain was pDCH1, generously provided by C. Auffray and 
co-workers.” With our hybridization and rinsing conditions, the 
probes for HLA-DR « and HLA-DQ a bind to distinct populations 
of mRNA.” 

Immunofluorescence. Expression of HLA-D antigens on indi- 
vidual cells was determined by indirect immunofluorescence after 
exposure of cells to murine monoclonal antibodies and fluorescein- 
coupled (FAb’), anti-mouse antibody (FITC-anti-mouse). The 
murine monoclonal antibodies used in this study have been well 
characterized. The L243 antibody (IgG2a)* (generously provided 
by T. Meeker and R. Levy) reacts with a nonpolymorphic region of 
the HLA-DR antigen. The Leu 10 antibody (1gG1)"! (obtained from 
Becton Dickinson, Mountain View, CA) reacts with the HLA-DQ 
antigen on cells with DR allotypes 1,2,4,5,6.8,9, and w10.”? Control 
antibodies were a murine myeloma I[gG2a protein (Coulter Diagnos- 
tics, Hialeah, FL) that does not react with human cells and Leu 5 
(IgGl, Becton Dickinson) that does not bind to myeloid cells. The 
FITC anti-mouse antibody was obtained from Cappel Laboratories 
(Downington, PA). 

Cells were prepared for immunofluorescence studies by washing 
in Dulbecco's phosphate-buffered saline (PBS) containing 2% heat- 
inactivated fetal calf serum (FCS) and 0.1% azide (PBS-A), at 4°C. 
Aliquots of | to 3 x 10° cells were incubated with murine 
monoclonal antibody, diluted in 100 uL of PBS-A, for one hour at 
4°C, rinsed three times in PBS-A, and then incubated with FITC 
anti-mouse antibody for 30 minutes. Cells were washed in PBS-A, 
and immunofluorescence was measured. The following measure- 
ments were obtained for each sample of cells: autofluorescence, 
immunofiuorescence after exposure to FITC anti-mouse antibody 
alone, indirect immunofluorescence after exposure to a control 
murine monoclonal antibody, and indirect immunofluorescence after 
exposure to a murine monoclonal antibody directed against one of 
the HLA-D antigens. Specific binding of antibodies directed against 
the HLA-DR antigens was determined in relation to binding of the 
control murine monoclonal antibody of the same isotype. Autofluor- 
escence and binding of FITC anti-mouse antibody alone was always 
equal to or less than the binding of control antibody. Each experi- 
ment was repeated two to four times. In pilot experiments, binding of 
the Leu 5 control antibody to myeloid cells was not different than 
binding of the FITC anti-mouse antibody alone. Therefore, binding 
of the Leu 10 antibody was measured relative to the FITC anti- 
mouse antibody. 

Preliminary saturation studies were performed on ME and Raji 
cells (Table 1), and showed that an antibody dilution of 1:20 of 
either Leu 10 or L243 (10 pg/mL) was sufficient to produce 
maximal cell fluorescence. This concentration of primary antibody 
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Table 1. Indirect Immunofluorescent Measurement 
of HLA-DR and HLA-DG 





Saturation Studies 








Cells Binding 
Concentration Log Peak to Antibody 
Antibody (ug/mL) immunofiuorescence (%} 
A: Binding of primary antibody to T lymphocyte line (ME) 
Leu 10 2 114 56 
4 124 60 
10 143 74 
20 148 61 
L243 2 158 75 
4 181 69 
10 193 61 
20 189 67 
B: Binding of second antibody (FITC antimouse antibody) 
to B lymphocyte line (Raji) * 
FITC antimouse Ab 10 144 69 
30 145 75 
100 157 76 
300 157 79 





*Raji cells were preincubated with L243 antibody, 10 ug/mL. 


was used in all experiments. The second antibody was also used at 
saturating concentrations (100 ng/mL). 

The effect of blocking the Fe receptors with excess human IgG 
was studied using HL-60 cells induced to differentiate with DMSO 
and y-IFN.” Aliquots of 10° cells were incubated in a volume of 100 
ul with L243 alone [50 ug/mL (300 nm)}, or L243 followed by 
human IgG (Cappel)[2,.400 ug/mL (15 umol/Li]. Each incubation 
was for one hour at 4°C, and cells were rinsed three times in PBS-A 
after each incubation. Cells were then incubated with FITC anti- 
mouse antibody, and immunofluorescence was measured. 

Flow cytometry. \immunoflucrescence was analyzed on the 
EPICS V Cell Sorter (Coulter Electronics) coupled with an Innova 
90 Laser (Coherent). Samples were excited with the 488 y wave- 
length, and fluorescence was obtained on a minimum of 20,000 cells 
gated from the forward-angle light-scatter profile.“ Dead cells were 
excluded from analysis by setting an appropriate threshold trigger 
on low forward-angle light-scattering.” The distribution of cells as a 
function of the log fluorescence intensity was determined for each 
sample of cells. Because of differences in autofluorescence, in 
amounts of antigen expressed, and in percentage of positive cells in 
the various samples, the cytofluorometric data were also normalized 
to allow comparison of the relative levels of antigen expression. 
Normalization involved converting the data to a linear function, 
determining the median from the distribution, and multiplying this 
by the percentage of positive cells in each population. In this phase of 
the study, fluorescence of cells exposed to FITC goat anti-mouse 
antibody alone was considered background. This method gives a 
quantitative estimate of the level of antigen expression by a popula- 
tion of cells* (Tables 2 and 3). 

Pulse-chase labeling of HLA-DR antigens. Raji or KG-1 cells 
were labeled by incubation for three hours with *S methionine (100 
#eCi/mL, 350 mCi/mmol/L, Amersham, Arlington Heights, IL) in 
methionine-deficient œ medium (a-modified Eagle’s medium, Flow 
Laboratories). Cells were washed three times in a medium contain- 
ing 2 mmol/L of unlabeled methionine and resuspended at a density 
of 10° cells in œ medium containing 10% FCS and | mmol/L of 
methionine. Cells were harvested at various times, and the incorpo- 
ration of label into HLA-DR antigens was measured by immunopre- 
cipitation and autoradiography. 

Immunoprecipitation of HLA-DR antigens was performed by 
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Table 2. Expression of HLA-DR and HLA-DQ Antigens on Human Lymphoid Celis 











Human Median Fluorescent Fiuorescent-Positive Antigen intensity 
Celi Name Cell Type Intensity (Log Scale} Cells (%)} of Population* 
A: HLA-DR antigen expression 
Raji Burkitt's (B lymphocyte) 136 85 6.7156 
P3HR-1 Burkitt's (B lymphocytes) 131 80 5,376 
ME T lymphocytes infected with 151 83 10,092 
HTLV-1 
ME- B lymphocytes infected with 156 86 12,109 
HTLV-1 
= PB T iymphocytes is) 0 o 
— Mitogen stimulated PB T iym- 93 85 2,040 
phocytes 
B: HLA-DO antigen expression 
Raji 53 65 468 
P3HR-1 103 60 1,728 
ME 106 82 2.624 
ME-il 123 67 3,859 
PB T lymphocytes 0 o Q 
Mitogen-stimulated PB T lymphocytes 34 53 200 





*Data derived by linearizing median tog fluorescent intensity and multiplying that number by the percentage of fluorescent-positive cells. 


HTLV-1, human T cell leukemia virus; PB, peripheral blood. 


making cell lysates, incubating cell lysates with L-243 antibody, and 
precipitating immune complexes with protein A agarose (Sigma, St 
Louis.” To make the cell lysates, the labeled cells were resuspended 
in lysing buffer [0.4% NP-40, 0.4% Na deoxycholic acid, 300 
mmol/L of NaCl, 10 mmol/L of EDTA, 100 mmol/L of Tris (pH 
7.5), 2 mg/mL of bovine serum albumin (BSA), and | mmol/L of 
phenylmethylsulfonylfluoride, PMSF), and mechanically disrupted. 
Lysates were centrifuged 10 minutes at 12,000 g, 4°C, and diluted 
with an equal volume of immunoprecipitation buffer (PBS contain- 
ing BSA 10 mg/mL, methionine 2 mg/mL, N-lauroyl sarcosine 
0.1%, pH 7.4). Samples were cleared by mixing with 20 uL of a 
suspension (1:1) of (protein A agarose:immunoprecipitation buffer), 


incubating for 15 minutes at 4°C, and centrifuging at 12,000 g for 2 
minutes. The supernatant was mixed with 10 ug of L-243 antibody 
and incubated overnight at 4°C with gentle rocking. Immune 
complexes were immunoprecipitated by adding protein A agarose to 
the samples, incubating for 30 minutes, and centrifuging for two 
minutes at 12,000 g. The pellet was washed five times in PBS 
containing 0.1% N-lauroyl sarcosine, pH 7.4. Immune complexes 
were denatured by boiling for five minutes in SDS sample buffer 
(1% SDS, 10% 8-mercaptoethanol, 62.5 mmol/L of Tris (pH 6.8), 
20% glycerol, bromphenol blue), and analyzed by SDS-polyacry!- 
amide gel electrophoresis (SDS-PAGE).* Electrophoresis was per- 
formed on a 10% polyacrylamide gel containing SDS, at a constant 


Table 3. Expression of HLA-DR and HLA-DQ on Human Myeloid Cells 








Human Median Fluorescent Fluorescent-Positive Antigen intensity 
Cell Name Cell Type Intensity (Log Scale} Celis (%)} of Population* 
A: HLA-DR antigen expression 
KG-ta Early myeloblast 52 85 525 
KG-1 Myeloblast 120 77 3,942 
ML-3 Myelomonobilast 23.4 36 115 
HEL Bipotent 97.5 95 2,141 
HL-60 Promyelocyte (6) — Q 
— PBM 131 92 8,203 
m PAM 74 79 1.106 
_ Granulocytes 0 — 0 
_ Granulocytes~y-lFN 0 — (8) 
B: HLA-DQ antigen expression 

KG-1a — 40 12 38 
KG-1 — 39 11 54 
ML-3 S= o ~ 0 
HEL = 0 _ 0 
HL-60 ae o — 0 
~= PBM 67 23 282 
— PAM 20 23 64 
is Granulocytes Oo S o 

O- o O Oo n 9 


sE Granulocytes-y-IFN 








HEL, celis are bipotent erythroblasts/monoblasts; PBM, peripheral blood monocytes; PAM, pulmonary alveolar macrophages: granulocytes + *y-IFN, 
peripheral blood granulocytes incubated with 500 to 1,000 U/mL of y-interferon. 
*Data derived by linearizing median log fluorescent intensity and multiplying that number by the percentage of fluorescent positive cells. 
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current of 20 mA. Gels were prepared for fluorography with 
ENHANCE (New England Nuclear, Boston) according to the 
manufacturer’s instructions. Autoradiograms were performed as 
described above, except that *S autoradiograms were performed 
with preflashed X-ray film. The intensity of protein bands was 
quantitated by laser densitometry. 

Cells and culture conditions. Myeloid and lymphoid cell lines 
were cultured in a medium supplemented with 10% FCS (Irvine 
Scientific, Santa Ana, CA) and 100 U/mL of penicillin-streptomy- 
cin (Irvine Scientific), in a 5% CO, atmosphere. Cultures were 
divided every five days to maintain a density <10° cells/mL. 
Pulmonary alveolar macrophages (PAM) and peripheral blood cells 
were obtained from normal volunteers. Peripheral blood mononu- 
clear cells and polymorphonuclear leucocytes were isolated by 
buoyant-density centrifugation.” To enrich for either PAM or PBM, 
cells were placed in 75-cm‘’ plastic flasks containing a medium with 
10% FCS. Nonadherent cells were removed from the flasks after 
four and 24 hours of culture. More than 95% of the adherent cells 
contained strong a-naphthyl acetate esterase activity, an enzyme 
that exists in monocytes and macrophages but not in lymphocytes or 
granulocytes. The T lymphocytes were isolated from the mononu- 
clear fraction of peripheral blood by sheep E rosetting. 

Mitogen stimulation of peripheral blood T lymphocytes was 
performed by incubating cells with 1% phytchemagglutinin (PHA, 
Burroughs Welcome, Triangle Park, NC) for 48 hours. Interferon 
treatment of cells was performed by incubating cells with recombi- 
nant human y-IFN (generously provided by Genentech, South San 
Francisco) at 500 U/mL for 72 hours. Cells from myeloid lines were 
induced to differentiate terminally in vitro by exposure to 1,25 
dihydroxyvitamin D, [1,25(OH),D,, 5 x 10°* mol/L] (generous gift 
of M. Uskokovic, Hoffmann-La Roche, Nutley, NJ) for five days 
or by exposure to 1.25% DMSO (Sigma) for five days.” Aliquots of 
the differentiated cells were incubated with y-IFN for 72 hours. 
Viability of cells, assessed by trypan blue exclusion, was 65% to 90% 
after induction of terminal differentiation. 

Prior studies showed that the Leu 10 antibody fails to react with 
HLA-DQ antigens on cells that are homozgous for the DR3 or DR7 
HLA-DR allotypes.”' The DR allotypes of cell lines used in this 
study were previously reported:” HL-60, DR 2,7; U-937, DR 4,6: 
Raji, DR3,6. The DR allotype of cell lines Me (DR 7.8) and KG-1 
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(MT2. associated with DR 2,5, W6) were determined by a microcy- 
totoxicity assay.” 


RESULTS 


Immunofluorescent studies of expression of the HLA-DR 
and HLA-DQ antigens. Expression of HLA-DR and HLA- 
DQ antigens was determined by exposing cells to the murine 
monoclonal antibodies L243 and Leu 10, respectively, and 
measuring specific binding by indirect immunofluorescence. 
These monoclonal antibodies were previously used to study 
HLA-D antigen expression on lymphoid and myeloid 
cells, 79151631324 Expression of HLA-DR and HLA-DQ anti- 
gens could be detected on cells from each of the human B and 
T lymphocyte cell lines (Fig 1, Table 2). More than 60% of 
each cell population expressed both antigens. The intensity of 
binding of the Leu 10 entibody was consistently less than 
that of the L243 antibody. Expression of both MHC class TI 
antigens was most intense on T and B cells infected with the 
HTLV-1, in comparison to other lymphoid cells. 

The myeloid cell populations expressed HLA-DR antigens 
to a variable extent (Fig 2, Table 3). Cell lines of immature 
phenotype including KG-1, KG-la, and HEL“ expressed 
the HLA-DR antigen on >75% of the cells. HLA-DR 
expression, however, was weak or absent on cells from 
relatively mature cell lines, such as HL-60 (promyelocytes)” 
or U-937 {monoblasts}. Exposure of HL-60 cells to 
1,25(OH),D; induced morphological and cytochemical evi- 
dence of maturation to a macrophage-like phenotype in 90% 
of the cells, yet induced HLA-DR expression at low levels on 
only 20% to 40% of the cells (Fig 3). 

Expression of the HLA-DQ antigens could not be detected 
on ceils of the majority of the myeloid cell lines (Fig 4, Table 
3). Only KG-1 and KG-la cell lines, which manifest the 
phenotype of immature and very immature myeloblasts, 
respectively, expressed HLA-DQ antigens at low intensity on 
12% of the cells. Peripheral blood monocytes and pulmonary 


Fig 1. Cytofiuorometric analysis of ex- 
pression of the HLA-DR and HLA-DQ antigens 
on lymphoid celis. Cells from lymphoid lines 
(Raji. P3HR-1, ME) or normal human periph- 
eral blood T lymphocytes stimulated with 
phytohemagglutinin (PHA-T) were incubated 
serially with murine monoclonal antibodies 
and fluorescein-conjugated goat anti-mouse 
antibody (FITC anti-mouse), and fluorescence 
intensity was measured by flow cytomatry. 
ME Raji and P3HR-1, B lymphocyte lines derived 
from Burkitt's lymphoma cells; ME, T lympho- 
cyte line transformed with HTLV-1. Anti- 
HLA-DR (L243) antibody (—); anti-HLA-DQ 
(leu 19) antibody (---); control (FITC anti- 
mouse antibody) (- - -). Cell number is plotted 
on a linear scale, and fluorescence intensity is 
plotted on a logarithmic scale. Celi number on 
vertical axis is plotted as a function of log 
fluorescence intensity on the horizontal axis. 
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Fig 2. 
incubated serially with murine monoclonal antibody directed against the HLA-DR antigen {L243} and fluorescein-conjugated goat 
anti-mouse antibody (FITC anti-mouse), and fluorescence intensity was measured by flow cytometry. Cell number is plotted on a linear 
scale, and fluorescence intensity is plotted on a logarithmic scale. Cell number on vertical axis is plotted as a function of log fluorescence 
intensity on the horizontal axis. Cell lines KG-1, KG-1a, HL-60, U-937, HEL, and ML-3 are described in the text. Anti-HLA-DR (L243) 
antibody (—); control (murine monoclonal antibody {igG2a} (- - - -). IFN, cells exposed to recombinant ‘y-interferon (y-1FN) 500 U/ml. for 72 


{A and B} Cytofluerometric analysis of expression of the HLA-DR antigen on myeloid celis. Celis from myeloid celi lines were 


hours. 


alveolar macrophages expressed HLA-DQ antigens on the 
surface of 25% to 30% of the cells. The HLA-DQ antigens, 
however, could not be detected on either HL-60 or U-937 
cells induced to differentiate to macrophages in vitro by 
exposure to 1,25(OH),D,. Likewise, the HLA-DQ antigens 
could not be detected on peripheral blood granulocytes or on 
HL-60 cells induced to differentiate to metamyelocytes by 
exposure to 1.25% DMSO (Table 3). 

Modulation of expression of HLA-DR and HLA-DQ by 
y-IFN. Exposure to y-IFN has been reported to increase 
expression of HLA-DR antigens on myeloid cells, including 
human fetal and adult peripheral blood monocytes" and 
cells from the myeloid lines HL-60, ML-1, and U- 
937,549.50 We examined the effect of y-IFN on expression 
of HLA-DR and HLA-DQ antigens by cells from a panel of 
myeloid cell lines that differed in their apparent degree of 
maturation. Exposure to y-IFN increased expression of 
HLA-DR antigens on the surface of KG-1, ML-3, and HEL 
cells, and induced measurable expression on HL-60 cells (Fig 
2). In some experiments, y-IFN induced expression of HLA- 
DR on the surface of the U-937 cells. y-IFN also caused a 
dramatic increase in expression of HLA-DR antigens on 
HL-60 and U-937 cells induced to differentiate to macro- 
phagelike cells by exposure to 1,25(OH),D, (Fig 3). Para- 
doxically, HL-60 cells exposed to DMSO expressed HLA- 
DR when subsequently incubated with y-IFN. The HL-60 


cells exposed to DMSO and y-IFN morphologically resem- 
bled metamyelocytes and did not express nonspecific ester- 
ase, the cytochemical marker of macrophages. Peripheral 
blood granulocytes harvested from normal volunteers did not 
express HLA-DR antigens after a 48-hour exposure to 500 
or 1,000 U/mL of y-IFN in vitro (Table 3). 

Similar to findings previously reported for HL-60 cells,”” 
we found that y-IFN exposure had disparate effects on 
HLA-DR and HLA-DQ antigen expression on cells of 
various myeloid lines. Exposure to y-IFN increased HLA- 
DQ expression on KG-1 cells (Fig 5). HLA-DQ antigen 
expression could not be detected on other myeloid cell lines, 
however, either constitutively or after exposure to y-IFN 
(Fig 5). Although HL-60 and U-937 cells exposed to 
1,25(OH),D, and y-IFN differentiated in vitro to mature 
macrophagelike cells, the HLA-DQ antigen could not be 
detected on these cells. 

Exposure of myeloid cells to either y-IFN or other agents 
that induce differentiation in vitro increases the expression of 
Fe receptors.*'? Although murine IgG 2a binds to the human 
Fe receptor, the binding of L243 (IgG2a) to myeloid cells 
could not be attributed to Fe binding for several reasons. 
First, binding of L243 to the cells was significantly higher 
than binding of control IgG2a antibody to the same cell 
population in all cases. Binding of the control antibody was 
congruent with the background fluorescence (FITC antibody 
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Fig 3. Cytofiuorometric analysis of expression of the HLA-DR 
antigen on myeloid cells induced to differentiate in vitro. Cells 
from myeloid cell lines HL-60 and U-937 were induced to differen- 
tiate in vitro by exposure to either dimethyl sulfoxide (DMSO) or 
1,25 dihydroxyvitamin D, (VD). Expression of HLA-DR antigen was 
measured as in Fig 2. Anti-HLA-DR (L243) antibody (—): control 
(murine monoclonal antibody, IgG2a) (- --). HL-DMSO and HL-VD, 
HL-60 cells induced to differentiate with DMSO or 1,25(OH)D,, 
respectively; U-VD, U-937 celis induced to differentiate with 
1,25(OH)D,; IFN, cells exposed to recombinant y-IFN 500 U/mL for 
72 hours. Cell number on vertical axis is plotted as a function of log 
fluorescence intensity on the horizontal axis. 





alone) in all cases except with the differentiated HL-60 cells, 
and, in these cells, the binding of L243 was substantially 
above that of the control antibody. Second, several cell types 
known to express Fe receptors failed to bind L243: granulo- 
cytes, U-937 cells, and DMSO-treated HL-60 cells." Final- 
ly, the L243 antibody bound to the surface of differentiated 
HL-60 cells could not be displaced by subsequent incubation 
of cells with a 50-fold excess of human IgG (Fig 6). 
HLA-DR pulse-chase studies. Almost all samples of 
lymphoid cells that we examined expressed more HLA-DR 
than did the myeloid samples. The difference was not second- 
ary to cell surface area because both cell types were similar 
in size as determined by light microscopy (15 to 20 um in 
diameter). The decreased expression of DR could be second- 
ary to either decreased production or decreased survival of 
these proteins in the myeloid cells as compared with the 
lymphoid cells. Pulse-chase experiments were performed to 
determine the relative stability of HLA-DR proteins in and 
on Raji (lymphoid) cells and KG-1 (myeloid). Cells were 
pulsed with S methionine for three hours, washed, and 
returned to culture in œ medium with added unlabeled 
methionine for varying lengths of time. As shown in Fig 7 
and Table 4, the relative stability of HLA-DR antigens was 
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equivalent on Raji and KG-1 cells, with a half-life (t4) of 
<24 hours. The intensity of bands corresponding to the a (33 
kd) and 8 (29 kd) chains of the DR antigen was identical in 
all samples, suggesting coordinated synthesis and expression 
of these subunits.” 

Analysis of HLA-DR and HLA-DQ mRNA in myeloid 
and lymphoid cells. Previous studies using myeloid cells 
demonstrated that mRNA for HLA-DRa and 8 chains is 
expressed in myeloid cells that express HLA-DR antigen, 
but not in those cells that failed to express HLA-DR." 
Induction of expression of HLA-DR antigens after exposure 
to y-IFN was coincident with an accumulation of HLA-DR 
mRNA in HL-60 cells and in nonmyeloid cells. We 
investigated the expression of mRNA for the HLA-DRa 
chain in myeloid and lymphoid cell lines by hybridization of 
Northern blots with a cDNA probe for the HLA-DR a chain 
(PDR al) (Fig 8). The celis from each lymphoid line 
contained abundant HLA-DR « chain mRNA. This tran- 
script was ~1.4 kilobases (kb), as previously reported." 
The cells ef myeloid lines contained mRNA for HLA-DR a 
chain to a variable extent; no expression was detectable in 
HL-60 cells that also failed to express the HLA-DR antigen; 
mRNA levels were highest in KG-1 cells. The mRNA 
accumulation for DR crudely paralleled the level of antigen 
expression, with DR mRNA levels highest in HTLV-1- 
infected Tand B lymphocytes (ME and ME-II).° 

Accumulation of mRNA for HLA-DQ was studied by 
hybridization of Northern blots to a probe for the H LA-DQ 
a chain.*! Under our hybridizing and washing conditions, 
the pDCHI probe does not cross-hybridize with HLA-DR 
mRNA. Lymphoid cells expressed two mRNA bands, of 1.1 
and 1.4 kb, which hybridized with the HLA-DQ a probe. 
mRNA for the HLA-DQ a chain could not be detected in the 
myeloid cell lines KG-1, ML-3, HEL, or HL-60, however. 
The lack of detectable HLA-DQ mRNA sequences in these 
myeloid cells probably does not represent a nonspecific 
degradation of mRNA because (a) the same mRNA pools 
were used for the HLA-DR and DQ mRNA experiments: 
(b) the RNA gels showed undegraded 18S and 28S bands: 
and (c) each filter was stripped of probe and rehybridized 
with a tubulin cDNA, and all samples had comparable 
amounts of mRNA for tubulin (date not shown). 


DISCUSSION 


We previously noted that HL-60 promyelocytic leukemia 
cells fail to express constitutively the MHC class H antigens 
but are stimulated to express HLA-DR antigens and mRNA 
on stimulation with y-IFN."* In the present study, we showed 
that expression of MHC class II antigens and mRNA in 
human myeloid leukemia cell lines varies with stage of 
differentiation. The capacity of cells to express MHC class II 
antigens after exposure to y-IFN is also related to the degree 
of maturation of the cells. Our data provide additional 
evidence for discoordinate regulation of expression of the 
HLA-DR and HLA-DQ antigens in human myeloid cells. 

The HLA-DR antigens were expressed on all lymphoid 
lines that we studied, including T and B lymphocyte lines 
infected with HTLV-I as well as mitogen-stimulated periph- 
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Fig 4. Cytofluorometric analysis of ex- 
pression of the HLA-DQ antigens on myeloid 
cells. Myeloid ceils from permanent lines or 
peripheral blood monocytes (PBMs) from nor- f 
mal volunteers were incubated serially with i s 
murine monocional antibody directed against f 
the HLA-DQ antigen (Leu 10), and fluores- 
cein-conjugated goat anti-mouse antibody 
(FITC anti-mouse}; intensity of fluorescence 
was measured by flow cytometry. Cell num- 
ber is plotted on a linear scale, and fluores- 
cence intensity is plotted on a logarithmic 
scale. Cell number on vertical axis is plotted 
as a function of log fluorescence intensity on 
the horizontal axis. Cell lines KG-1, KG-1a, 
U-937, HEL, and ML-3 are described in the 

‘text. Anti-HLA-DQ (Leu 10) antibody {---): 
control (FITC goat anti-mouse antibody) 
(---}. 
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eral blood T lymphocytes. In contrast, HLA-DR antigens 
were expressed to a variable extent on cells from myeloid 
lines, with high levels of expression on myeloid cell lines with 
the phenotypes of either myeloblasts (KG-1 and KG-1a) or 
bipotent-erythroblasts/myeloblasts (HEL). Cell lines that 
manifested a greater degree of myeloid maturation, such as 
ML-3, HL-60, and U-937, expressed HLA-DR antigen at 
low or negligible levels. Although peripheral blood mono- 
cytes and pulmonary alveolar macrophages expressed HLA- 
DR antigens at high levels on 85% to 100% of the cells, 
terminal differentiation of HL-60 and U-937 to macro- 
phagelike cells in vitro induced expression of HLA-DR 
antigen at a low intensity on only 25% to 50% of cells. 

The HLA-DQ antigens were detectable on all lymphoid 
cells with the exception of peripheral blood T lymphocytes. 
The intensity of binding of the Leu 10 antibody was less than 
that of L243 on each cell line. This may indicate a lower level 
of expression of HLA-DQ antigens on these cells. Although 
the antibodies are of different isotype and may differ in 
affinity for their respective antigens, the antibodies were 
used in saturating concentrations. Under these conditions, 
the level of antibody binding is proportional to antigen 
expression.® Similarly, the FITC anti-mouse antibody was 
present at saturating levels. Other investigators have 
reported that antigen density of HLA-DQ was apparently 
less than that of HLA-DR on human monocytes." 
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The KG-I and KG-la myeloblast cells weakly expressed 
HLA-DQ antigens on a low percentage of cells. The HLA- 
DQ antigens could not be detected on other myeloid cell lines 
of more differentiated phenotype. HLA-DQ expression was 
measurable on 25% to 30% of peripheral blood monocytes 
and pulmonary alveolar macrophages, however. Our inabil- 
ity to detect DQ expression on myeloid cell lines cannot be 
explained by the allotype specificity of the Leu 10 antibody 
because several of the myeloid cell lines have been typed for 
HLA-DR and are not homozygous for DR3 or DR7. Con- 
versely, the binding of Leu 10 to lymphoid cells probably 
cannot be attributed to artifactual binding to cross-reactive 
non-DQ antigens. In serial immunoprecipitation studies of 
lymphoblastoid cells, Leu 10 specifically immunoprecipi- 
tated HLA-DQ polypeptide chains. Our results provide 
further evidence that HLA-DR antigen expression may be 
regulated independently of that of HLA-DQ in myeloid cells. 
Several investigative groups have reported that monocytes 
from peripheral blood express HLA-DQ antigens at lower 
levels than HLA-DR, and that 50% to 75% of monocytes are 
negative for HLA-DQ by immunofluorescence.’*'*"" Pig- 
coordinate expression of DR and DQ antigens has also been 
described in studies of hematopoietic progenitor cells and 
leukemic blast cells. Granulocyte-macrophage progenitor 
cells (GM-CFC) from normal human bone marrow 
expressed HLA-DR in studies using FACS and complement- 
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Fig5. Cytofiuorometric analysis of expression of the HLA-DQ 
antigens on myeloid cells: effect of y-interferon (y-IFN). Myeloid 
cells from lines were cultured in @ medium for 72 hours with and 
without 7-IFN. Expression of HLA-DQ antigen was determined as 
described in the legend for Fig 5. Anti-HLA-DQ (leu 10) antibody 
(---); control (FITC goat anti-mouse antibody) (---). IFN, cells 
exposed to recombinant y-IFN 500 U/mL for 72 hours. Cell 
number on vertical axis is plotted as a function of log fluorescence 
intensity on the horizontal axis. 


mediated cytotoxicity.” When marrow cells were incubated 
with antibody directed against HLA-DQ and sorted by 
FACS, however, GM-CFC were found only in the HLA- 
DQ-negative fraction.’ Two investigative groups noted that 
expression of HLA-DR antigen could be measured on most 
leukemic blast cells, whereas HLA-DQ antigen was limited 
to a subset of the leukemic cells.» 

The level of expression of the HLA-DR and HLA-DQ 
antigens is probably in part regulated at a pretranslational 
level. Low or undetectable levels of mRNA for the HLA-DR 
a and HLA-DQ « chain were noted in cells that expressed 
negligible levels of the corresponding antigens. The level of 
HLA-DRa mRNA expression was markedly lower in 
myeloid cells as compared with lymphoid cells, yet levels of 
HLA-DR antigen expression varied to a much smaller 
extent. This discrepancy could not be attributed to degrada- 
tion of the myeloid RNA, nor did it represent decreased 
stability of the HLA-DR antigen on myeloid cells. The 
turnover of HLA-DR antigen after metabolic labeling was 
similar in myeloid and lymphoid cells. Prior studies using 
melanoma cell lines noted a discrepancy between the level of 
expression of mRNA for the HLA-DR antigens and surface 
membrane expression of the HLA-DR antigens.** Messenger 
RNA “run-on” and stability experiments will help to elu- 
cidate this discrepancy. 

The level of binding of the cDNA probes for HLA-DR to 
RNA blots should provide an accurate indication of the level 
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Fig 6. Cytofluorometric analysis of expression of the HLA-DR 
antigen on myeloid cells: effect of Fc receptor blockade with 
human IgG. HL-60 cells were induced to express HLA-DR antigen 
by incubation with dimethylsulfoxide (DMSO) and y-IFN. Cells 
were incubated with (A) anti-HLA-DR antibody (L243, 300 nmol/ 
L), or (B) with L-243 (300 nmol/L) followed by human IgG [15umol/ 
L], and HLA-DR expression was measured by flow cytometry after 
incubation of cells with FITC anti-mouse antibody. Cell number is 
plotted on a linear scale, and fluorescence intensity is plotted on a 
logarithmic scale. Anti-HLA-DR (L243) antibody (—); control [mu- 
rine monoclonal antibody (IgG2a)] (- - -}. 


of expression of mRNA for the HLA-DR antigens. The 
cDNA probes were derived from nonpolymorphic regions of 
the RNA transcript encoding the DR a@ chain, and react with 
a chain RNA from cells of all DR types.****” Measurement 
of DR a chain RNA is also probably an accurate reflection of 
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Fig 7. Turnover of proteins for HLA-DR antigen on lymphoid 


and myeloid cells. Lymphoid (Raji) cells (lanes 1 through 5) and 
myeloid (KG-1) cells (lanes 6 through 10) were incubated with “S 
methionine for three hours, washed, and returned to culture with 
unlabeled methionine (cold chase). Aliquots were removed after 
being labeled with “S-methionine (lanes 1 and 6), and after 3 
hours (lanes 2 and 7), 6 hours (lanes 3 and 8), 24 hours (lanes 4 and 
9), and 48 hours (lanes 5 and 10) of the chase period. Cells were 
lysed, and HLA-DR antigen proteins were immunoprecipitated and 
analyzed as described in the text. Lane M, mol wt standards, 30 kd 
and 46 kd. 
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Table 4. Turnover of HLA-DR Antigen Proteins 
on Lymphoid and Myeloid Cells 








Density of Hybridization 
Grains on Film 








Duration of Chase Period (h) Raj Cells KG-1 Cells 
0 140 150 
3 1,620 1,170 
6 2,350 800 
24 780 280 
48 70 50 





Lymphoid (Raji) and myeloid (KG-1) cells were labeled with “S 
methionine and returned to culture with unlabeled methionine (cold- 
chase) as described in the legend for Fig 7. HLA-DR proteins in cell 
lysates were analyzed by immunoprecipitation, sodium dodecyl sulfate- 
polyacrylamide gel electrophoresis and autoradiography at — 70°C, using 
preflashed Kodak XAR film and an intensifying screen. The density of 
silver grains corresponding to protein bands of 29 kd and 33 kd was 
quantitated with a laser densitometer (Joyce-Leoble) and expressed in 
arbitrary units. 


expression of mRNA for the DR £8 chain, because previous 
studies demonstrated coordinate expression of a and 8 chain 
mRNA and polypeptides in human cells.” The pattern 
of binding to the DQ a probe, pDCH1, is less predictable. At 
least two genes homologous to DQ a have been identified in 
the human genome.®' In addition, the expression of the 
known alleles of DQ are in linkage disequilibrium with 
specific DR allotypes. We used a cDNA probe homologous 
to the gene for the a chain of the DC 4 allele, a DC gene that 
is in linkage disequilibrium with DR allotypes DR4, DR7, 
and DR9. This probe reacts with RNA from Raji cells 
(DR3, DR6).” In our study, the DC æ probe reacted with 
RNA from Raji cells and ME cells (DR7, DR8). Because 
the HL-60 cells express DR2 and DR7 and therefore should 
express DQ4,°**! the failure to detect DQ a RNA from 
HL-60 cells probably cannot be attributed to the allotype 
specificity of the DQ a probe. Two transcripts that hybrid- 
ized with the PDCH 1| probe were noted in Raji cells and ME 
cells. This pattern of expression was previously noted in 
RNA from Raji cells® and in human endothelial cells* and 
was due to alternative RNA splicing patterns in the 3’ 
untranslated region of the mature DC a transcript. 

The relatively higher level of HLA-DR antigen expression 
in lymphoid cells as compared with myeloid cells could not be 
accounted for by changes in the stability of the HLA-DR 
antigen in these cells. We noted a t'4 of <24 hours, similar to 
the t'/ of the I-A antigen on murine macrophages cultured in 
vitro. In contrast, human endothelial cells and dermal 
fibroblasts continue to express HLA-DR antigens at high 
levels for >96 hours after withdrawal of y-IFN.* The 
differences in turnover rate between hematopoietic cells and 
dermal fibroblasts may reflect the growth rate of the cells, 
the culture conditions, or tissue-specific variation in antigen 
stability. 

We studied the effect of y-IFN on HLA-DR and HLA- 
DQ expression because this lymphokine is known to activate 
myeloid cells in the immune response. Secretion of y-IFN by 
T lymphocytes stimulates parameters of myeloid function, 
such as interleukin-| (IL1) synthesis, which are essential for 
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Fig8. Expression of mRNA for HLA-DR and HLA-DOQ chains in 
lymphoid and myeloid cells. Poly A+ RNA (5 ug) was denatured 
and electrophoresed in a 1% agarose-formaldehyde gel. and 
Northern blots were constructed as described in the text. Filters 
were probed with nick-translated cDNA probes for (A) the HLA-DR 
a@ chain or (B) HLA-DQ a chain. RNA was extracted from B 
lymphocytes (Raji cells, lane 1), T lymphocytes (ME cells, lane 2). 
myeloblasts (KG-1 cells, lane 3), myelomonoblasts (ML-3 cells. 
lane 4), bipotent erythroblasts /monoblasts (HEL cells, lane 5), and 

promyelocytes (HL-60 cells, lane 6). Mol wts are in kilobases. 


antigen presentation.'*'* y-IFN also restores expression of 
MHC class II antigens on human monocytes cultured in 
vitro, induces expression of HLA-DR antigens on HL-60 
cells, and induces differentiation of myeloid cell lines toward 
a monocytic phenotype. ™!* "<° We demonstrated that y- 
IFN increases expression of HLA-DR antigens on the sur- 
face of several myeloid cell lines. This response to y-IFN was 
heightened when HL-60 cells were induced to differentiate 
terminally with 1,25(OH),D,. Similarly, U-937 cells, which 
expressed low to unmeasurable levels of HLA-DR antigen 
after exposure to y-IFN alone, were induced to express DR 
antigens by sequential treatment with 1,25(OH),D, and 
y-IFN. Other investigators showed that HLA-DR expres- 
sion could be induced by y-IFN in U-937 cells pretreated 
with S-azacytidine.” 
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HL-60 cells induced to differentiate with DMSO 
expressed DR antigens after subsequent exposure to y-IFN. 
The intensity of expression and the percentage of cells that 
expressed DR was markedly higher than that seen after 
exposure of uninduced HL-60 promyelocytes to y-IFN. 
Exposure of HL-60 to DMSO alone induced maturation to 
metamyelocytes as determined by morphology but failed to 
induce expression of HLA-DR antigens. Because DMSO 
induces HL-60 cells to express many of the phenotypic and 
cytochemical characteristics of granulocytes, we examined 
the expression of HLA-DR on normal human granulocytes 
exposed to y-IFN in vitro and found that these cells had 
undetectable HLA-DR expression. This result suggests that 
cells from cell lines induced to differentiate in vitro do not 
bear a strict resemblance to their terminally differentiated 
counterparts in vivo." In previous reports, DMSO-treated 
HL-60 cells functioned as accessory cells in T cell stimula- 
tion despite their absence of HLA-DR antigen expression.'* 
In contrast, HL-60 promyelocytes were not able to function 
as accessory cells. 

The HLA-DQ expression could not be detected on myeloid 
cell lines after y-IFN exposure. The only exception to this 
pattern occurred in KG-1 cells, in which y-IFN led to a 
slight, but consistent, increase in the expression of HLA-DQ 
antigen. In our earlier study, we noted that HL-60 cells did 
not express HLA-DQ antigens or mRNA after exposure to 
y-IFN." Recently, Nunez and colleagues reported that 
treatment with T cell-conditioned medium failed to induce 
expression of HLA-DQ in HLA-DQ(—) monocytes.” 
Gonwa and Stobo noted that y-IFN restored the expression 
of DR a and DQ a on monocytes maintained in culture. They 
did not determine whether y-IFN induced DQ expression de 
novo or served to restore expression of DQ a on cells that had 
previously been DQ positive.’ Basham and Merigan also 
reported that y-IFN induced expression of DR and DQ by 
monocytes, but they noted increased expression of DQ on 
monocytes maintained in culture, independent of IFN."* 
Collins and co-workers reported that y-IFN induced 
expression of HLA-DQ, DR, SB antigens, and mRNAs in 
human vascular endothelial cells and in dermal fibroblasts in 
vitro. 
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Three conclusions are suggested by these studies: (a) The 
expression of HLA-DQ and HLA-DR may be discoordinate 
in myeloid cell lines and in freshly isolated human cells of 
myeloid lineage; (b) exposure of monocytes to y-IFN 
increases expression of both HLA-DR and HLA-DQ on the 
cells, but does not cause most HLA-DQ( —) cells to manifest 
the DQ antigen; and (c) expression of DR and DQ antigens is 
labile and may vary with culture conditions. Our inability to 
detect DQ antigens and mRNA from cells of most myeloid 
lines probably cannot be ascribed to the reagents used to 
measure expression of antigen and mRNA, for the reasons 
noted above. Failure to induce DQ expression may be a 
function of culture conditions. Both Gonwa and Stobo’ and 
Basham and Merigan'® cultured cells in autologous serum; 
we used fetal calf serum. The type of serum used to culture 
murine and human myeloid cells can significantly influence 
functional properties and expression of MHC class I] anti- 
gens.'”’”3 In our study, myeloid cell lines induced to differ- 
entiate to macrophagelike cells in vitro failed to express DQ 
antigens before or after exposure to y-IFN, in contrast to 
normal monocytes and macrophages. This finding suggests 
that factors in addition to y-IFN and differentiation state of 
the cell may regulate DQ expression. 

The pattern of expression of human MHC class H anti- 
gens by myeloid cells appears to be different from the 
expression of MHC class H antigens by murine myeloid cells. 
Most murine macrophages express I-A-encoded antigens, 
which are structural homologues to the human HLA-DQ 
antigens. Only a minor population of murine macrophages 
display I-E-encoded antigens (DR homologues).°’ Murine 
y-IFN induces expression of I-A mRNA and antigen on 
murine macrophages, induces expression of I-A mRNA 
in cells of the murine macrophage line P388D, and induces 
expression of I-A and I-E antigens on another murine 
myeloid cell line, WEHI-3.” 
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Mutations in N-ras Predominate in Acute Myeloid Leukemia 


By Johannes L. Bos, Matty Verlaan-de Vries, Alex J. van der Eb, Johannes W.G. Janssen, 
Ruud Delwel, Bob Lowenberg, and Loes P. Colly 


Using synthetic oligomers we investigated fresh samples of 
acute myeloid leukemia (AML) for the presence of mutated 
ras oncegenes. Our original results showed that five of 
eight samples contained a mutation in codon 13 of the 
N-ras gene. In a subsequent study involving 37 samples, we 
found only one N-ras-13 mutation, and, in addition, muta- 
tions in codon 61 of the N-ras gene in four cases and a 


HE HUMAN ras family consists of three members, the 
Ha-ras, Ki-ras, and N-ras genes. They encode homolo- 
gous proteins of 21 kd, whose cellular location is at the inner 
surface ef the plasma membrane.’? The 21-kd Ha-ras pro- 
tein binds guanine nucleotides and exhibits GTPase activi- 
ty.™ In this respect, the protein resembles the “G proteins,” 
which are known to be involved in the transduction of 
receptor-mediated external signals into the cell. A recent 
study shewed that cells injected with ras-specific monoclonal 
antibodies, which presumably inactivate the Ha-ras protein, 
were incapable of entering S-phase of the cell cycle. This 
suggests that the Ha-ras protein plays an essential role in the 
cell cycle.* 

In 10% to 20% of the human tumors or tumor-derived cell 
lines tested, one of the ras genes is activated. These activated 
genes difer from their normal counterparts by their ability 
to convert the mouse NIH 3T3 cell line into tumorigenic 
cells. This difference is caused by single point mutations in 
the coding sequence of the ras genes. These mutations occur 
either in codon 12 or 61 of one of the ras genes’ or in codon 13 
of the N-ras gene.® At least in one case, these mutations 
affected the GTPase activity of the protein product.** The 
current hypothesis is that normal ras proteins bind GTP in 
response to some receptor-mediated signal and, in doing so, 
transduce the signal further into the cell. Signal transmission 
would terminate with the intrinsic GTPase activity convert- 
ing GTP to GDP. In mutated ras proteins, the GTPase 
activity is reduced, resulting in prolonged binding of GTP 
and hence prolonged activation. In this way, the proper 
functioning of the signaling pathway in which ras proteins 
are involved is disturbed. Because the ras proteins most likely 
play an important role in cell cycle control, changes in this 
activity conceivably contribute significantly toward uncon- 
trolled growth, as occurs in tumor cells. Results of Land and 
colleagues’ and Ruley,'® however, showed that additional 
changes are required in the process of carcinogenesis. These 
authors established with transfection experiments that pri- 
mary ceil cultures cannot be transformed by an activated 
Ha-ras gene alone, but that an additional “activated” onco- 
gene is required. One of these oncogenes is the c-myc gene, 
which also plays a role in the control of the cell cycle.'! 

To assess the significance of ras gene mutations in human 
tumorigenesis, we are investigating the occurrence of these 
mutations in fresh samples from human malignancies. For 
this purpose, we set up a rapid screening assay using 
synthetic oligonucleotide probes.*'? In this report, we 
describe the analysis of 37 samples of acute myeloid leuke- 
mia (AML). As reported earlier, five of eight samples 
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mutation in codon 12 of the Ki-ras gene in two cases. 
Amplification of ras genes was not observed. We conclude 
that in ~20% to 25% of AML cases, a mutated ras 
oncogene is present, predominantly the N-ras gene. The 
occurrence of mutations does not correlate with the cyto- 
logical features of the leukemia. 

® 1987 by Grune & Stratton, Inc. 


analyzed previously contained an N-ras mutation in codon 
13.5 In the present 37 samples, we found 7 ras gene muta- 
tions, of which only one is in codon 13 of the N-ras gene. 


MATERIALS AND METHODS 


Materials. Samples of leukemic cells were taken from periph- 
eral blood or bone marrow and purified over Ficoll gradients. The 
cells were stored either in liquid nitrogen or in 70% ethanol at 4 °C. 

DNA isolation. DNA was isolated as described by Davis and 
colleagues.” Cells were lysed in 500 uL of 0.5% sodium dodecyl 
sulfate (SDS), 0.1 mol/L of NaCl, 50 mmol/L of Tris-C! pH 8.0, 
and | mmol/L of EDTA, and incubated 30 minutes at 65 °C with 
100 g/mL of proteinase K; 75 uL of 8 mol/L of potassium acetate 
was added, and the incubation was allowed to proceed for 15 minutes 
at 0 °C. The precipitate generated was spun down in an Eppendorf 
centrifuge, and the supernatant was extracted with 750 wl of 
chloroform. Subsequently, the DNA was precipitated with ethanol 
and dissolved in 150 to 300 uL of 10 mmol/L of Tris-Cl pH 8.0 and 
0.1 mmol/L of EDTA. 

Synthetic oligonucleotide probes. The oligomers were synthe- 
sized by G. Veeneman and J. H. van Boom (Organic Chemistry 
Department, University of Leiden) by the solid-phase triester meth- 
od. *P Labeling of the oligomers was obtained by a primer extension 
reaction using an 8-mer primer as described."* 

Oligomer hybridizations. DNA was digested with suitable 
restriction enzymes under the conditions suggested by the supplier 
(Pst to detect mutations in the N-ras gene and the Ki-ras gene, 
Sst} for mutations in the Ha-ras gene) and fractionated by electro- 
phoresis in 0.5% agarose. The gel was treated as described” to 
denature the DNA in situ and to immobilize the DNA by drying the 
gel. The dried gels were incubated with the different oligomer probes 
in 5 x SSPE (1 x SSPE = 10 mmol/L of sodium phosphate pH 7.0, 
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0.18 NaCl, and 1 mmol/L of EDTA), 1% SDS, and 100 pg/mL of 
denaturated salmon sperm DNA for 16 hours at the following 
temperatures: oligomer probes from the N12 and K12 group (Table 
1) at 53 °C, oligomers of the N61 and K61 group at 50 °C, oligomers 
of the H12 group at 60 °C, and oligomers of the H61 group at 55 °C. 
The gels were washed at 2 x SSPE and 1% SDS at room tempera- 
ture and incubated at 5 x SSPE, 1% SDS for 10 minutes at the 
following temperatures: gels hybridized with N12 and K12 oligomer 
probes at 63 °C, with N61 and K61 probes at 59°C, with H12 
probes at 73 °C, and with H61 probes at 67 °C. All individuals have 
given consent to donate bone marrow and blood. 


RESULTS 


To analyze mutations present in codons 12, 13, and 61 of 
the N-ras gene and in codons 12 and 61 of the Ki-ras and 
Ha-ras genes, we used synthetic 20-mer oligonucleotide 
probes (Table 1). With these probes, we are able to detect all 
possible single base pair substitutions in these codons, 
because a fully matched hybrid between the oligomers and 
genomic DNA is thermally more stable than a single base 
pair-mismatched hybrid. Our analysis was conducted as 
follows: AML DNA was digested with a restriction enzyme 


Table 1. Sequences of the 20-mer Probes of the N-ras, Ki-ras, 
and Ha-ras gene 








Oligomer Sequence Strand* 
N12 GGAGCAgg t GGTGT TGGGAA y 
N12-p1 -~~---- ngt----------- n= CAT Y 
N12-p2 ~~--~~-- gnt----------- n=CAT y 
N13-pi -~----~-- ngt-------- n= CAT y 
N13-p2 -----~~--- gnt--~------ n=CAT y 
N61 TACTCTTCt tgTCCAGCTGT n 
N61-p1 -----~-~-- ttn-----~--- n=CAT n 
N61-p2 9 ------~-- tng--------- n = C,A,G n 
N61-p3 ~-------ntg--------- n=A,G, n 
K12 CCTACGCCaccAGCTCCAAC 

K12-p] -~------ acn-++===>= n= A T,G 
K12-p2 ~~----~-- anc--~----~- n= A,T,G n 
K61 TACTCCTCt t gACCTGCTGT n 
K61-p1 ~-~------ ttn-~------- n= CAT n 
K61-p2 -------- tng--------- n=C,A,G n 
K61-p3 --~------ ntg~-------- n=A,G n 
H12 GTGGGCGCCggcGGTGTGGG 

H12-p1 --------- ngc~-----~-- n=C,A,T y 
H12-p2 ~------~- gnc-------- n=C,A,T y 
H61 TACTCCTCc t gGCCGGCGGT n 
H61-p1  ------~-- etn-~~~----- n=C,A,T n 
H61-p2 ---~---- Cng--~------ n=CAG n 
H61-p2 ~----~~-~-ntg--~---~--- n=A,G n 





Indicated are the oligomers complementary to the normal sequence. 
Mutation-specific oligomers are derived from these normal oligomers. For 
instance, N6 1-p2 is a mixture of oligomers identical to the wt-oligomer 
except for the normal G-residue at position two of the codon 61. At this 
position, A, C, and T residues are present in the three oligomers of this 
mixture, 

*Sequence complementary to the coding {n} or noncoding (y) strand. 


BOS ET AL 


(PstI or Ssti) and electrophoresed through agarose to sepa- 
rate the restriction fragments. This DNA was hybridized to 
various * P-labeled oligomers probes complementary to the 
sequences that might contain a mutation. The hybridization 
conditions allow only hybridization of perfectly complemen- 
tary oligomers and not of those with one or more mismatches. 
For instance, the N12 oligomer probe (Table 1) is comple- 
mentary to the sequence around codon 12 of the N-ras gene. 
Under the experimental conditions, this probe will hybridize 
to the N-ras gene only when no mutations are present in 
codon 12 or codon 13. To detect mutations in the ras genes, 
we prepared a set of probes in which all mutations are 
represented that can occur in codon 12 and 61 of the Ha-ras, 
Ki-ras, and N-ras genes and in codon 13 of the N-ras gene. 
Only these codons are affected in naturally occurring 
tumors. To reduce the number of hybridizations, we used 
pooled mutation-specific probes. Each pool contains the 
oligomers homologous to all possible non-silent mutations of 
one particular base pair. For instance, the N61-p2 oligomer 
probe (Table 1) consists of three different oligomers homolo- 
gous to the possible mutations at the second position (p2) of 
codon 6] of the N-ras gene (N61). Figure 1 shows six 
examples (a through f) of our hybridization analysis. In each 
example, three different AML DNAs were hybridized to 
codon 12 probes for either the N-ras gene (a through d) or 
the Ki-ras gene (e, f) (lefthand column), and to codon 61 
probes for either the N-ras gene or the Ki-ras gene (middle 
column). The righthand column represents hybridization 
with various pools of mutation-specific oligomers that specify 
the mutation present in the AML DNAs. Among 37 cases of 
untreated AML, we found seven samples with a ras gene 
mutation (Fig 1): three at position 2 and one at position 3 of 
codon 61 of the N-ras gene, one at position 2 of codon 13 of 
the N-ras gene, and two at position 2 of codon 12 of the 
Ki-ras gene. No mutations were found in codons 12 and 61 of 
the Ha-ras gene or in codon 61 of the Ki-ras gene. Subse- 
quently, we also determined the exact base pair change in 
these samples using individual oligomer probes. The results 
are shown in Table 2 together with those obtained for the 
eight AML samples analyzed previously.* From them, we 
conclude that in AML the N-ras gene is the preferentially 
activated member of the ras gene family. 

A ras gene can be activated alternatively by amplification 
of the gene.'*'’ To identify possible amplifications, we 
hybridized the DNAs with oligomer probes complementary 
to normal ras sequences (Table 1) and compared the hybrid- 
ization intensities of the wt-probes for the three ras onco- 
genes. In no case was amplification of any of the ras genes 
found (not shown). In all samples in which a mutation was 
detected, however, both a normal allele and a mutant allele 
existed, That our samples were consistent for >90% of tumor 
cells (as determined by light microscopy) suggests that the 
ras gene mutation is heterozygous. Alternatively, the ras 
gene mutation occurs in only a subpopulation of the leukemia 
cells. 

Table 2 includes the classification of the AMLs that 
contain a ras gene mutation. We have not yet found any 
correlation between the presence of a ras gene mutatien and 
cytological features of the leukemia. 


ras-GENE MUTATIONS IN AML 


61-wt mut 
3 N61 


N61 
p3 





. N13 





Fig1. Hybridization of synthetic oligomers to genomic DNA of 
various samples of acute myeloid leukemia (AML). The DNA was 
digested with Psti, electrophoresed through agarose, and hybrid- 
ized in situ to oligomer probes (described in Materials and Methods 
section: (a) hybridization of three different AML DNAs with the 
N12-wt oligomer probe (lefthand panel), with the N61-wt oligomer 
probe (middle panel) and with the mutation-specific oligomer 
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Table 2. Ras Gene Mutations in Acute Myeloid Leukemia 











FAB 
AML Classification Mutation 

1 49 M1 N13 GGT to GTT (Val) 

2 77 M2 N13 GGT GTT (Val) 

3 1 M4 N13 GGT GAT (Asp) 

a 33 M5 N13 GGT GAT (Asp) 

5 73 M4 N13 GGT GTT (Val) 

6 MV26 M1 N61 CAA CGA (Arg) 

7 MV71 M5 K12 GGT GTT (Val) 

8 MvV81 M1 N61 CAA CGA (Arg) 

9 MV34 M4 N61 CAA CAN (His) 
10 100 M1 N13 GGT GTT (Val) 
11 MV65 M4 N61 CAA CGA (Arg) 
12 MV41 M4 K12 GGT GAT (Asp) 





AML, acute myeloid leukemia; FAB, French-American-British 


DISCUSSION 


Our results and those of others’ show that ras gene 
mutations occur relatively infrequently, ranging from 5% in 
mammary tumors” and urinary tract tumors” to ~25% in 
AML. In all cases studied, the mutation is specific for the 
tumor cells and not present in the normal cells of the same 
individual. The mutations seem to occur randomly among 
the subtypes of particular malignancies. This may indicate 
that ras gene mutations do not contribute to the genesis of a 
tumor but arise randomly due to genetic instability of the 
malignant cells and/or the presence of mutational hot spots 
at position 12 and 61. In this case, ras mutations would be 
neither essential nor important. Obviously, the latter idea is 
unlikely, since mutated ras oncogenes contribute to the 
process of carcinogenesis in DNA transfection experiments.’ 
A strong indication in support of the importance of ras-gene 
activation in tumorigenesis is the observation that in rats 
nearly all mammary tumors induced by a single injection of 
methylnitrosamine contain activated Ha-ras genes with a 
mutation at the same position.” An important role of ras 
gene activation in carcinogenesis is further indicated by 
other studies on chemically induced tumors.”!” 

A puzzling result is that 5 of the 8 AMLs initially 
analyzed contained a mutation in codon 13 of the N-ras 
gene,* whereas of 37 samples tested later only | contained a 
mutation in that codon, although 6 additional mutations 
were found at other positions. The high frequency of ras 
mutations in the first eight samples may be explained by the 
fact that they were analyzed for their ability to oncogenically 
transform NIH-3T3 cells, as measured by tumor formation 
in athymic nude mice. This biological assay may be more 





probes N61-p2 (righthand panel); (b through d) as in a, but now in 
each case three other AML DNAs hybridized with the N12-wt 
probe, the N61 wt probe, and the mutation-specific probes N61 
p2, (b), N61-p3 (c), and N13-p2 (d); (e, f) as in a through d but now 
Ki-ras-specific probes were used: K12-wt (lefthand panel), K61-wt 
(middie panel), and K12-p2 (righthand panel). The length of the 
hybridizing fragments is expressed in kilobase pairs (kb). N12 
probes hybridize to 3.0-kb Psti fragments, N61 probes to 4.2 kb 
Psti fragments, and K12 and K61 probes to 4.2-kb and 11-kb Pst! 
fragments, respectively. The 7.0-kb band that hybridizes with the 
K12-wt probe is a Pstl restriction fragment-length polymorphism 
of the Ki-ras gene. 
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sensitive than our procedure, especially when only a fraction 
of the cells in the tumor sample contain a mutation in one of 
their ras genes. This did not seem the case for the first five 
N-ras-13 mutations, however, since they were readily 
detected by the oligonucleotide probes* in the original tumor 
material, suggesting that the bias for N-ras-13 mutations 
probably is not due to an insufficient sensitivity of our 
procedure. Moreover, the new HpAI site indicative for one of 
the mutations in the N-ras-13 codon (GAT:asp)* was not 
present in other samples of AML (not shown). Because in 
both studies the samples of AML were collected randomly, 
the high frequency of N-ras-13 mutations in our original 
study seems to be fortuitous. 

Our results show that in AML the preferentially mutated 
ras gene is N-ras. This activated oncogene has also been 
detected in three other samples of AML cells freshly isolated 
from patients” and in the AML-cell lines HL60,'** Re-2a, 
and KG1.” In addition, in acute lymphoid leukemia (ALL) 
cells, we also found N-ras mutations (two N-ras-12 muta- 
tions in 19 samples analyzed).’’ Probably, N-ras, as opposed 
to the other ras genes, plays a predominant role in the control 
of proliferation and differentiation of cells in the hemato- 
poietic lineage. Alternatively, the preferential activation of 
N-ras may be due to the exposure or sensitivity of myeloid 
cells to a particular mutagen. 

AML is a malignant disorder in which an early progenitor 
cell is transformed at some point in its differentiation from 
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pluripotent stem cell to committed granulocyte/monocyte 
colony-forming cells (GM-CFU).” The ability of these cells 
to proliferate and mature is impaired and is manifested in the 
accumulation of immature blast cells. The differentiation 
level of the immature cell that accumulates is the basis of the 
current (French-American-British) classification of AML 
(MI through M6). Nonrandom chromosomal aberrations 
correlate with certain stages of the morphological classifica- 
tion.* This suggests that these chromosomal abnormalities 
affect functions that are responsible for specific steps in 
differentiation, such as the production of factors responsible 
for normal myeloid differentiation or cell surface receptors 
for such factors. Activation of N-ras, however, is apparent 
among different classes of AML, suggesting that N-ras does 
not play a stage-specific role during differentiation. An 
attractive possibility is that in leuakemogenesis an activated 
N-ras gene cooperates with a defect in the maturation 
pathway, thus providing the leukemic stem cell with the 
potential of self-renewal, especially when the leukemia arises 
from a more differentiated, committed stem cell with limited 
proliferative potential. 

It would be interesting to investigate whether N-ras 
activation already occurs at the level of the pluripotent stem 
cell and is thus present in other nonleukemic, hematopoietic 
cells as well, or is restricted only to the leukemic cells or their 
immediate progenitor. 
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Improved Results of Treatment of Adult Acute Lymphoblastic Leukemia 


By Charles A. Linker, Lee J. Levitt, Margaret O’Donnell, Curt A. Ries, Michael P. Link, 
Stephen J. Forman, and Mark J. Farbstein 


We designed a treatment program to improve the outcome 
for adults with acute lymphoblastic leukemia (ALL). Treat- 
ment included a remission-induction phase followed by 
intensive alternating cycles of non—cross-resistant chemo- 
therapy and prolonged oral maintenance therapy. Eighty- 
one consecutive previously untreated patients were 
entered on this study. Ninety-four percent of patients 
entered complete remission. A Kaplan-Meier analysis pre- 


ROGRESS in the treatment of adult acute lymphoblas- 
tic leukemia (ALL) has lagged behind that in the 
treatment of ALL in children. Using relatively nontoxic 
remission-induction and continuation therapy, 90% of chil- 
dren will enter complete remission, and 50% to 60% of these 
remissions will be durable.’* Thus, approximately half of the 
patients with childhood ALL will be cured of their disease. 
Adults treated with similar programs, however, have only a 
50% complete remission rate, and there are few long-term 
survivors.* 

This clinical study was initiated with the hope that a 
different approach to the treatment of adult ALL would 
yield improved results. Several factors led us to believe that 
treatment results could be improved. First, reports of ongo- 
ing studies in adult ALL suggested that intensified therapy 
would increase both the complete remission rate and remis- 
sion duration.** Second, use of repeated courses of high doses 
of alternating non—cross-resistant agents produced improved 
results in the treatment of acute myelogenous leukemia in 
both children and adults.° Third, encouraging reports on the 
use of the synergistic combination of teniposide (VM-26) 
and cytosine arabinoside (Ara-C) suggested that a new tool 
was available for therapy.’* 

We designed this treatment protocol with the intent of 
achieving substantial early cytoreduction using initial mul- 
tiagent chemotherapy. After delivering prophylactic treat- 
ment to the central nervous system (CNS), we administered 
repeated courses of intensive systemic chemotherapy using 
alternating courses of several non—cross-resistant drugs. Eli- 
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dicts that 53% + 9% (SEM) of patients in remission will 
remain free of disease at 3 years. Neither age, sex, WBC 
count, nor immunophenotype had a significant effect on 
remission duration. This program of intensive cyclical 
chemotherapy has improved the disease-free survival of 
patients with adult ALL. 

® 1987 by Grune & Stratton, Inc. 


gibility was limited to adults aged <50 years because of the 
anticipated toxicity of the treatment program. This treat- 
ment protocol produced a complete remission rate of 94%. By 
actuarial analysis, we project that 53% + 9% (SEM) of 
patients who entered complete remission will remain free of 
disease at 3 years. 


MATERIALS AND METHODS 


Patients. Eighty-one consecutive adults with ALL aged <50 
years who were seen either at the University of California ac San 
Francisco, City of Hope National Medical Center, Stanford Univer- 
sity Medical Center. or by collaborating private physicians in the 
Bay Area Leukemia Study Group, entered this study between 
October 1980 and March 1986. During the first 16 months of the 
study, patients were entered only from the University of California 
at San Francisco, but beginning in February 1982, patients were 
entered from all centers. Patients were either previously untreated or 
had received <2 weeks of therapy with vincristine and prednisone. 

Patients were diagnosed as having ALL if morphology was 
compatible with that diagnosis, if histochemical stains for both 
peroxidase and a-napthyl butyrate esterase were negative, and if 
lymphoid markers could be demonstrated. All patients had ~50% 
blasts in the bone marrow. Immunophenotyping was performed by 
indirect immunofluorescent techniques using reagents and methods 
as previously described.” The marker used to establish lymphoid 
lineage was terminal deoxynucleotidy! transferase (TdT) in 72 
patients, common ALL antigen (CALLA) in 5 patients, T cell 
antigen (Leu | and Leu 9) in 3 patients, and B cell antigen (BA-1) in 
l patient. Patients were excluded because of prior therapy, presence 
of Philadelphia chromosome, age >50 years, or diagnosis of B cell 
leukemia based on L3 morphology and presence of surface immuno- 
globulin. Central nervous system disease was defined as the presence 
of any lymphoblasts in cerebrospinal fluid. 

Treatment. All patients gave informed consent according to 
guidelines approved by each institution’s Committee on Human 
Research. Chemotherapy was given in three phases: a remission- 
induction phase, an intensive alternating combination chemotherapy 
phase, and a low-dose oral maintenance phase. Remission was 
induced with daunorubicin, vincristine, prednisone, and L-asparagi- 
nase (Table 1). Patients not entering complete remission after 6 
weeks of induction chemotherapy were considered tc have failed 
treatment and were taken off study. 

Central nervous system prophylaxis was initiated within | week of 
achievement of complete remission. Eighteen hundred rad of cranial 
radiation were delivered in ten fracticns over 12 to 14 days. Six 
weekly doses of 12 mg of intrathecal methotrexate were adminis- 
tered concurrently. Patients with CNS involvement at diagnosis 
began their weekly intrathecal methotrexate during induction 
chemotherapy and received 10 weekly doses. Thereafter, these 
high-risk patients received intrathecal methotrexate monthly during 
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ADULT ACUTE LYMPHOBLASTIC LEUKEMIA 


Table 1. Remission induction Therapy 





Daunorubicin 50 mg/m? IV, days 1-3 
Vincristine 2 mg IV, days 1,8,15,22 
Prednisone 60 mg/m’ PO, days 1-28 


L-Asparaginase 6,000 U/m? IM, days 17-28 


If bone marrow on day 14 has residual leukemia: 


Daunorubicin 50 mg/m’, day 15 


If bone marrow on day 28 has residual leukemia: 


Daunorubicin 50 mg/m? IV, days 29,30 
Vincristine 2 mg IV, days 29,36 
Prednisone 60 mg/m? PO, days 29-42 


t-Asparaginase 6,000 U/m? IM, days 29-35 





IV, intravenously; PO, orally; IM, intramuscularly. 


the first year of therapy, and the dose of cranial radiation was 
increased to 2,800 rad. 

Courses 1, 3, 5, and 7 of consolidation chemotherapy consisted of 
daunorubicin, vincristine, prednisone, and L-asparaginase (Table 2). 
Courses 2, 4, 6, and 8 of consolidation chemotherapy consisted of 
VM-26 and Ara-C. Courses of consolidation chemotherapy were 
given approximately monthly after the neutrophil count had risen to 
>1,000/uL and the platelet count to >100,000/uL. The ninth 
consolidation course consisted of moderate-dose methotrexate and 
leucovorin rescue. 

Maintenance chemotherapy consisted of methotrexate 20 mg/m? 
orally weekly and 6-mercaptopurine 75 mg/m? orally daily. Oral 
maintenance therapy was continued until 30 months of continuous 
complete remission; all therapy was then discontinued. 

Criteria for response. Patients were considered to be in com- 
plete remission when the neutrophil count was >1,500/zL, platelet 
count was >150,000/uL, and results of bone marrow examination 
were normal. In addition, patients had to be afebrile and have a 
normal performance status. Mediastinal masses, peripheral lymph- 
adenopathy, and other extramedullary disease had to have com- 
pletely resolved. 

Supportive care. During remission-induction therapy, patients 
received prophylactic oral nystatin or clotrimazole, as well as 
trimethoprim-sulfamethoxasole. The trimethoprim-sulfamethoxa- 
sole was continued until 30 months of continuous complete remis- 
sion. Episodes of fever and neutropenia were treated with broad- 
spectrum antibiotics, usually an aminoglycoside and a semisynthetic 
penicillin. Platelet transfusions were given prophylactically to main- 
tain the platelet count >10,000/uL, and RBC transfusions were 


Table 2. Consolidation Therapy 


Treatment A (cycles 1,3,5,7) 





Daunorubicin 50 mg/m? IV, days 1,2 
Vincristine 2mg IV, days 1,8 
Prednisone 60 mg/m? PO days 1-14 


.-Asparaginase 12,000 U/m? IM days 2,4,7,9,11,14 


Treatment B (cycles 2,4,6,8) 
Teniposide 165 mg/m? IV, days 1,4,8,11 


Cytosine arabinoside 300 mg/m? iV, days 1,4,8,11 


Treatment C (cycle 9) 
Methotrexate 690 mg/m? IV, over 42 hours 
15 mg/m? every 6 h x 12 doses 


beginning at 42 hours 


Leucovorin 
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given according to standard transfusion practice. Granulocyte trans- 
fusions were not used. 

Statistical analysis. The duration of remission was measured 
from the time of the remission bone marrow examination. Survival 
and disease-free survival were measured from the time of initial 
therapy. Kaplan-Meier analyses of survival and remission duration 
were calculated with 95% confidence intervals twice the SEM. 
Statistical tests on prognostic variables for remission duration were 
performed with the Mantel Cox test.® Deaths in remission are 
treated as relapses, and withdrawals are evaluated up to the time of 
withdrawal from the study. Data are analyzed as of July 1986, 


RESULTS 


Patients. The 81 patients ranged in age from 16 to 48 
years (median age 24 years) (Table 3). There were 47 male 
and 34 female patients. No patients were excluded because 
of their clinical condition. 

Included in the study group are several patients with 
“unfavorable prognostic features,” including 7 patients with 
initial CNS involvement, 14 with mediastinal masses, 12 
with WBC counts >100,000/uL, and 6 with WBC counts 
>300,000/uL. The presence of a mediastinal mass was 
strongly associated with male sex (13 of 14), high WBC 
count (median 69,000/uL), and T cell phenotype (11 of 13 
tested). In contrast, CNS involvement was not associated 
with these features; all seven patients had WBC counts 
<50,000/uL, and only one had the T cell phenotype. 

All patients had the diagnosis of ALL confirmed by the 
presence of at least one immunologic lymphoid marker. 
Seventy-two of 75 patients (96%) tested were positive for 
TdT (Table 4). One TdT-negative patient strongly expressed 
BA-1, and two patients expressed numerous T cell antigens, 
including Leu | and Leu 9. Sixty-four patients (79% of the 
study group) were extensively immunophenotyped using 
monoclonal antibodies. Forty of these 63% were CALLA- 
positive. Three of these patients had anomalous expression of 
Leu 5 with no expression of the pan-T antigens Leu | or Leu 
9. These three patients strongly expressed B cell markers 
(BA-1 or Leu 12) and are classified as B lineage, CALLA- 
positive. Four other patients expressed B lineage markers 
(BA-1 or Leu 12) but were CALLA-negative. Five patients 
are considered to have “null” cell ALL based on the absence 
of CALLA, B, or T lineage markers. Fifteen patients had T 


Table 3. Clinical Characteristics of Patients 











Factor n 
Patients entered 81 
Age (yr) 16-48 (median 24} 
Sex 
M 47 (58%) 
F 34 (42%) 
BC count (10°/uL) 0,2-960 (median 14} 
<20,000 47 
> 20,000 34 
< 100,000 12 
> 300,000 6 
Mediastinal mass 14 (21%) 
CNS disease 7 (9%) 





Abbreviations as in Table 1. 


CNS, central nervous system. 
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Table 4. immunologic Characteristics of Patients 








Phenotype n CALLA B Lineage E Rosette 
Common ALL 40 + k + 
B lineage 4 — + — 
Null 5 - - = 
T 15 + ~ + 
Not typed 17 ND ND ND 





ALL, acute lymphoblastic leukemia; CALLA, common ALL antigen; 
ND, not determined. 


cell ALL, based on the presence of Leu 1 or Leu 9. Thirteen 
were E rosette positive (either by rosette assay or presence of 
Leu 5), and one of these patients was also CALLA-positive, 
The E rosette-negative T cell patients expressed Leu | and 
Leu 9, respectively. Two of 20 patients tested expressed the 
myeloid antigens My7 or My9. 

Induction of remission. Seventy-six of 81 patients (94%) 
achieved complete remission. Only one patient failed to 
achieve hematologic remission. This patient had progressive 
disease during the second week of chemotherapy and was 
taken off study. One patient died of asparaginase hepatotox- 
icity. Three other patients achieved hematologic remission 
but had persistent systemic candidiasis that precluded their 
receiving further chemotherapy; they were therefore consid- 
ered induction failures. Of 76 patients in remission, 41 
received 3 doses of daunorubicin, 31 required 4 doses of 
daunorubicin, and 4 patients had therapy extended to 6 
weeks before achieving complete remission. 

Duration of remission and survival. Kaplan-Meier anal- 
ysis projects that 53% + 9% (SEM) of patients achieving 
complete remission will remain in continuous complete 
remission at 3 years (Fig 1). Kaplan-Meier analysis projects 
that 64% + 9% (SEM) of all patients will be alive at 3 years 
(Fig 2). Disease-free survival for all patients entered on 
study is projected to be 50% + 9% (SEM) at 3 years (Fig 
3). 

Of 76 patients in complete remission, 15 have been 
withdrawn from study, 3 have died in complete remission, 
and 18 have relapsed (Table 5). Forty patients remain in 
continuous complete remission (CCR) from 3 to 52 months, 
with median follow-up of 16 months. Twenty-seven patients 
have been in remission >1 year, 17 patients have been in 





2 24 36 48 60 
Time (months) 


Fig 1. Kaplan-Meier analysis of remission duration for 
patients in remission. Bars at 24 and 36 months: 95% confidence 
limits. Tick marks: patients continuing in remission. 
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Fig 2. Kaplan-Meier analysis of survival for all patients 


entered on study. Bars at 24 and 36 months: 95% confidence 
limits. Tick marks: patients continuing in remission. 


remission 2 years, and 8 patients remain in remission >-3 
years. 

Fifteen patients were withdrawn from study. These 
patients did not have a high incidence of unfavorable prog- 
nostic features and were not selected for alternative therapy 
because of an anticipated poor outcome. Six were treated 
with bone marrow transplantation. | developed anaphylaxis 
to the initial dose of VM-26, 5 moved or were lost to 
follow-up, and 3 were withdrawn because of major protocol 
violations. Two of these violations occurred because the 
patient refused further therapy; one violation occurred 
because the physician refused to administer scheduled ther- 
apy (despite adequate peripheral blood counts) because of 
marked bone marrow hypocellularity. 

There have been 18 relapses between | and 5} months of 
complete remission. Seventeen relapses occurred in bone 
marrow. One relapse (in a patient with CNS disease at initial 
diagnosis) occurred simultaneously in the bone marrow and 
CNS. Most relapses occurred early, and only three patients 
relapsed after 19 months. The late relapse at 51 months 
developed in a patient with transfusion-related AIDS. 

Factors that may have influenced remission duration were 
analyzed (Table 6). Neither age, sex, WBC count, presence 
of CNS disease, number of doses of daunorubicin required to 
induce remission, nor immunologic subtype had a significant 
effect on remission duration (Fig 4). 
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12 24 36 48 60 

Time (months) 
Fig 3. Kaplan-Meier analysis of disease-free survival for all 


patients entered on study. Bars at 24 and 36 months: 95% 
confidence limits. Tick marks: patients continuing in remission. 
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Table 5. Results of Therapy 
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Table 6. Effect of Prognostic Variables on Remission Duration 








Result n 
Patients entered 81 
Chemotherapy failure 1 
Death during induction 1 
Other induction failure 3 
Complete remission 76 
Withdrawal 15 
Death in remission 3 
Relapse 18 
Continuous remission 40 





Toxicity. During remission-induction therapy, all pa- 
tients had reversible alopecia. Nausea and vomiting were 
minimat, and stomatitis did not occur. Peripheral neuropathy 
related to vincristine was usually mild and was significant 
only in the small group of patients who received 6 weeks of 
induction chemotherapy. 

Side effects related to L-asparaginase were common but 
were rarely threatening. One patient died during induction 
therapy of asparaginase hepatotoxicity. One patient devel- 
oped severe hypersensitivity to the initial dose of Escherichia 
coli asperaginase and was treated with Erwinia asparaginase 
without problems. One patient developed symptomatic pan- 
creatitis. One patient developed severe hepatic and renal 
toxicity attributed to asparaginase after 7 doses and another 
received only 10 of 12 planned doses because of progressive 
lethargy. Subclavian thromboses at the site of the Hickman 
catheter occurred in three patients. Abnormalities of glucose 
tolerance and liver function were common but were not 
considered an indication to discontinue the drug. 

Hematologic toxicity of remission-induction therapy was 
within the expected range. Thrombocytopenia developed in 
most patients, and 70% required platelet transfusions. The 
platelets recovered to > 100,000/uL at a median of 18 days. 
Neutropenia developed in all patients, and 62% were treated 
with systemic antibiotics other than prophylactic low-dose 
trimethroprimsulfamethoxasole. There were no infection- 
related deaths, but three patients failed to respond ade- 
quately to amphotericin treatment of systemic candidiasis 
and could not receive planned consolidation chemotherapy. 
The median duration of hospitalization for patients during 
remission-induction was 28 days. 

Central nervous system prophylaxis with cranial radiation 
and intrathecal methotrexate was generally well tolerated. 
Symptoms of arachnoiditis with headache, nausea, and vom- 
iting developed in 20% of patients, and delayed toxicity of 
cranial radiation (somnolence syndrome) occurred in 10% of 
patients. 

Consolidation therapy with daunorubicin, vincristine, 
prednisone, and asparaginase was complicated by fever 
requiring antibiotics in 10% (21 of 219) of courses. Patients 
often developed profound neutropenia (<100/uL), but the 
duration of severe neutropenia was brief. The median length 
of these cycles of therapy until the next chemotherapy was 33 
days. Several complications of L-asparaginase treatment 
occurrec during these consolidation cycles. One patient 
developed severe hemorrhagic pancreatitis. She recovered 





2-year CUR 
n {CR} n (Not withdrawn) (% + SEM) 
All patients 76 61 65 +7 
Age (yr) 
<20 +7 13 56 + 16 
>30 21 19 59 + 16 
Sex 
M 46 36 6349 
F 30 25 68 « 11 
WBC count 
(107/pL) 
< 10,000 31 25 66 + 11 
«20,000 47 39 6329 
>50,000 19 16 74% 11 
> 100,000 12 10 60 + 18 
Phenotype 
Calla 38 33 59 + 10 
T 15 12 Gt+ 17 
Doses daunoru- 
bicin to CR 
3 41 32 63 2 10 
4 31 25 65 + 11 
6 4 4 75 2 22 
CNS disease 
No 70 55 63248 
Yes & 6 80 + 18 





CNS, central nervous system; CR, complete remission: CCA, continu- 
ous complete remission. 


from this episode but died during her next chemotherapy 
course of noninfectious respiratory failure associated with 
numerous pancreatic pseudocysts. One patient developed 
severe hypersensitivity and was subsequently treated with 
Erwinia asparaginase without adverse events. One patient 
developed massive femoral and iliac venous thrombosis and 
was successfully treated with streptokinase and heparin. 
Three patients developed clinical evidence of cardiomyopa- 
thy. One had inadvertently received three doses of doxorubi- 
cin (50 mg/m’) during induction chemotherapy and had 
subsequently received a cumulative dose of 400 mg/m? of 
daunorubicin during consolidation therapy. Two others had 
received cumulative doses of 600 mg/m? of daunorubicin. 
Consolidation therapy with VM-26 plus Ara-C was com- 
plicated by fever and neutropenia requiring systemic antibi- 


12 24 36 48 60 
Time (months) 








Fig 4. Kaplan-Meier analysis of remission duration by immu- 
nophenotype. Tick marks: patients continuing in remission, 
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otics in 39% (74 of 191) of courses. Profound neutropenia 
developed in most patients and usually lasted 7 to 10 days. 
Infections were most commonly caused by enteric gram- 
negative organisms, but several patients developed Candida 
esophagitis and one patient developed disseminated candi- 
diasis. There were 2 treatment-related deaths, | due to 
noninfectious respiratory failure associated with pancreatic 
pseudocysts, and | due to marantic endocarditis superim- 
posed on underlying rheumatic valvular disease. 

The final consolidation therapy treatment with methotrex- 
ate was well tolerated. Mild mucositis occurred infrequently, 
and there was no significant hematologic toxicity. Oral 
maintenance therapy was generally well tolerated. However, 
the majority of the patients received 75% of the planned dose 
because of hematologic toxicity, and one patient with cardio- 
myopathy died of infection. 

Median hospitalization time during the entirety of post- 
remission-induction therapy was 19 days. Four of these days 
were required for administration of the methotrexate infu- 
sion, and 15 days were required for antibiotic treatment of 
episodes of fever and neutropenia. Patients thus spent a 
median of 47 days in the hospital during the entire period of 
treatment. 


DISCUSSION 


The question of the criteria for the diagnosis of adult ALL 
is a difficult one. The results of the treatment program may 
be critically dependent on the population studied. The diag- 
nosis of ALL is not as straightforward in adults as it is in 
children, since the typical LI morphology is apparent in only 
20% to 30% of cases. We used available diagnostic tech- 
niques to define our ALL population as accurately as possi- 
ble. We required not only that cells fail to exhibit myeloid 
characteristics by histochemical stains, but also that the cells 
be positively identified as lymphoid by an immunologic 
technique. This was done in an attempt to exclude occult 
cases of acute myeloid leukemia that would exhibit peroxi- 
dase positivity only at an ultrastructural level." 

Our patient group is representative of most groups of adult 
ALL. No patients were excluded because of their clinical 
condition. Included in our treatment group are several 
patients traditionally defined as having poor prognostic 
features. Seven patients initially had CNS involvement, 12 
patients had WBC counts >100,000/uL, and 6 patients had 
extreme hyperleucocytosis with WBC counts >300,000/uL. 
Seventy-nine percent of patients were extensively immuno- 
phenotyped using monoclonal antibodies. The most common 
reason for failure to phenotype was inaspirable bone marrow 
with low circulating blast counts. We were able to phenotype 
some of these patients, however, using in vitro antibody 
binding to biopsies placed in saline.'? The distribution of 
immunologic subtypes of ALL in our study is similar to that 
in other reported series (Table 4). Sixty-three percent of 
patients studied were classified as “common” ALL, and 23% 
had T cell disease. 

The goal of our induction chemotherapy was to achieve 
normal bone marrow function (complete remission) as 
quickly as possible without undue toxicity. The importance 
of avoiding toxicity is highlighted by the fact that, in the 
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past, more induction failures had been due to therapy-related 
complications than to chemotherapy-resistant disease.'*" 
On the other hand, early studies at St Jude’s Hospital 
suggested that the results of the early phases of treatment 
were critical in determining overall outcome and that more 
intensive subsequent treatment may not be able to overcome 
poor initial cytoreduction.’ Recently, the importance of 
intensive induction chemotherapy was demonstrated by two 
groups treating childhood ALL.’ In one prospective ran- 
domized clinical study of childhood ALL, the addition of an 
anthracycline to the remission-induction program improved 
long-term disease-free survival from 39% to 64%. 

At a minimum, an optimal remission-induction program 
for adult ALL should include an anthracycline in addition to 
vincristine and prednisone. The Cancer and Leukemia 
Group B recently demonstrated in a randomized prospective 
study that adding daunorubicin to vincristine and prednisone 
increased the remission rate from 47% to 78%." Although 
the period of neutropenia was increased by the addition of 
daunorubicin, no increase in either severe or fatal infections 
occurred in the more intensively treated group. One may 
actually be able to reduce overall toxicity by achieving 
complete remission more rapidly, thereby avoiding prolonged 
pancytopenia caused by the sequential addition of incre- 
ments of therapy. Several other recent studies showed that 
the combination of daunorubicin, vincristine, and prednisone 
consistently produced a complete remission of ~80% in adult 
ALLS? 

Given the complete remission rate of 80% using daunoru- 
bicin, vincristine, and prednisone, and the relatively small 
number of patients with adult ALL available for study, one 
cannot demonstrate a remission-induction advantage te the 
addition of asparaginase to this program.”** Asparaginase 
can, however, be a useful agent for remission induction, and 
the best reported results for remission induction in children 
with relapsed ALL have been produced by four-drug regi- 
mens that included asparaginase.”°”’ 

Our remission-induction program has been very success- 
ful, with 94% of patients entering complete remission. The 
toxicity of the program was not severe, and profound neutro- 
penia usually lasted only several days. Systemic antibiotics 
were needed in only 62% of patients, and life-threatening 
infections were not common. Patients were generally in 
excellent clinical condition at the completion of induction 
therapy and could proceed directly to consolidation therapy 
without delay. 

One novel aspect of our treatment program was the 
repeated use of VM-26 and Ara-C in consolidation therapy. 
It was the early experience with this synergistic combination 
that prompted the design of this study. In early studies, 
VM-26 produced a low response rate when used as a single 
agent. Increasing the dose and adding vincristine and predni- 
sone produced a 30% remission rate in children with relapsed 
ALL, however. VM-26 given in combination with Ara-C, 
produced exciting results.”* In one study, 3 of 4 patients who 
failed to respond to initial intensive induction therapy 
entered complete remission, and 2 of these patients remained 
in remission 30 months later when they completed therapy. 
To have produced this disease-free survival in patients with a 
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dismal prognosis was unprecedented, and suggested that this 
combination would be a major addition to our therapeutic 
armamentarium. Further studies suggested a beneficial role 
for VM-26 plus Ara-C as consolidation therapy for ALL. 
One report demonstrated that the addition of a single 
consolidation course with these agents prolonged remission 
duration and produced more long-term disease-free survi- 
vors.” This, however, was not confirmed in a second study.” 
Repeated courses of VM-26 plus Ara-C have improved the 
outcome in high-risk pediatric ALL.” 

Alternating with cycles of VM-26 plus Ara-C, we treated 
patients with a four-drug program that included asparagi- 
nase in a total dose of 72,000 U/m’. We chose this dose of 
asparaginase based on dose-response relationships estab- 
lished in pediatric ALL. Few adult treatment programs 
have used repeated large doses of L-asparaginase,” and this 
represents a second novel aspect of our treatment program. 
The potential usefulness of asparaginase in consolidation 
therapy in children has been demonstrated by a randomized 
study showing longer disease-free survival in asparaginase- 
treated patients.” 

One of the goals of the study was to determine if more 
effective therapy would change the significance of factors 
previously reported to be of prognostic importance in adult 
ALL. We particularly wondered if more effective therapy 
would diminish the importance of adverse prognostic fea- 
tures. Most reported studies of adult ALL show a strong 
prognostic significance for WBC count at diagnosis.'*'*77!?° 
The prognostic significance of immunologic subtype has 
been variable. 5202136 At this point in our analysis, neither 
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age, sex, WBC count, nor immunologic subtype has prognos- 
tic significance with respect to either remission induction or 
remission duration. Our assessment of prognostic factors 
differs from those of previous studies. Because many of our 
patients are still at risk for relapse, however, it is too early to 
draw firm conclusions from this analysis. 

Intensified chemotherapy has been convincingly shown to 
improve the outcome in high-risk pediatric ALL.” Our 
treatment results are very encouraging and add to the 
increasing evidence that intensive treatment has improved 
the long-term outcome of adult ALL as well. During the 
1970s, only 15% of adult ALL patients remained disease-free 
at 5 years. The L10 protocol at Memorial Hospital now has a 
large enough patient group and long enough follow-up to be 
confident that results of treatment have indeed improved.'*"* 
Thirty-five percent to 40% of all patients entered are 
projected to remain disease-free at 5 years, and most are 
probably being cured of their disease. 

In conclusion, we have developed an intensive treatment 
program for adult ALL that has been successful in improving 
disease-free survival. Although our treatment program is 
prolonged, the intensive phase is completed in | | months and 
subsequent oral maintenance therapy is very weil tolerated. 
The program was carried out at several different institutions 
as well as by private physicians and was relatively easy to 
administer. Patients spent <7 weeks in the hospital during all 
therapy. Although longer follow-up will be necessary to 
determine the ultimate impact of this program, we are 
hopeful that a substantial fraction of patients will be cured of 
their disease. 
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In Vitro Tests That Predict Tumor-Associated Idiotype Levels in the Serum of 
Patients With B Cell Lymphomas and Leukemias 


By Richard A. Miller, James N. Lowder, Julie Gralow, Timothy Meeker, and Ronald Levy 


The presence of circulating tumor idiotype interferes with 
the in vivo effectiveness of anti-idiotype antibodies. We 
developed two assays that permit identification of patients 
with high levels of serum idiotype without the need for first 
producing an anti-idiotype antibody. A cell suspension 
made “rom the tumor was cultured for seven days with or 
without phytohemagglutinin (PHA) and/or phorbol myristic 
acetata (PMA). Ig secretion in vitro by patients’ tumor cells 
varied. In 4 patients, no secretion in vitro occurred, 5 
patients had low levels, and 5 patients had high levels of ig 
secretion. In three patients, Ig secretion occurred only 
after stimulation with PHA, PMA, or both. Spontaneous or 
induced immunoglobulin secretion in vitro is related to the 
levels of tumor idiotype secretion that exist in vivo. Eight 


OST MALIGNANT lymphoproliferative diseases 
that occur in humans are derived from B lympho- 
cytes end synthesize an immunoglobulin (1g) with a unique 
combiaation of a V, and Vy region, and a light chain of 
either the x or A type.'? Antigenic determinants unique to 
these gs are called idiotypes and represent a specific marker 
for that tumor. In some diseases, eg, multiple myeloma and 
Waldenstrom’s macroglobulinemia, the malignant cells 
secrete large amounts of Ig. In most cases, however, the Ig is 
expressed on the cell surface without significant secretion.’ 
We and others prepared antibodies against tumor idiotypes 
and showed that such reagents are useful for studies of the 
immuaobiology of these diseases.*” Antiidiotvpe antibodies 
can also be used to monitor tumor growth in humans and in 
experimental animals.'°'? For several reasons, anti-idiotype 
antibodies offer promise as therapeutic agents. Animal stud- 
ies and human therapeutic trials have demonstrated the 
potential for this approach.****!** Our own therapeutic 
trials in 14 patients with B cell lymphomas using monoclonal 
anti-idiotype antibodies demonstrated variable results.”'* In 
one case, a complete and durable remission was achieved. In 
other eases, partial responses occurred.*° In these studies, the 
presence of circulating tumor idiotype interfered with the 
therapeutic use of anti-idiotype antibody. In addition to 
blocking the anti-idiotype antibody from binding to cellular 
antigen, circulating idiotype-anti-idiotype complexes led to 
toxicity. 

To avoid these problems, one should select patients with 
little or no circulating idiotype. Conventional serologic tech- 
niques, such as serum protein electrophoresis or quantitative 
Ig levels, will exclude the minority of patients with very high 
levels of paraprotein but are not sensitive enough to detect 
levels of serum idiotype <200 pg/mL, which are capable of 
interfering with anti-idiotype therapy. 

We developed in vitro techniques that allow prediction of 
the level of tumor idiotype in a patient's serum. These 
techniques are particularly valuable because they do not 
require availability of an anti-idiotype antibody. 


MATERIALS AND METHODS 


Patwnts and preparation of tissues. Eighteen patients with 
established histopathologic diagnoses of B cell malignancies were 
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patients with serum idiotype levels > 100 ug/ml (mean 265 
pg/mL), had a minimum of 1.0 ug/10° cells of idiotype 
secretion in vitro. Nine patients with serum idiotype levels 
<30 pg/mL (mean 3.7 ug/ml), had <0.5 ug/10° celis of 
idiotype secretion in vitro. In another assay, the levels of 
IgM x and IgM À in patients’ sera were compared with those 
in normal serum. An imbalance in the relative amounts of 
IgM x and IgM À indicated high levels of circulating idiotype 
in the serum, but this assay was less sensitive than the in 
vitro secretion assay and limited to IgM-secreting tumors. 
These assays will be useful for future clinical studies using 
anti-idiotype antibodies. 

e 1987 by Grune & Stratton, Inc. 


included in these studies (Table 1). Patients were selected who had 
tumor tissue readily accessible to biopsy and expected survivals of 
>] year. Cell suspensions were made either from lymph nades 
obtained by biopsy or from spleens removed during laparotomy. in 
patients with leukemia, peripheral blood was used as the source of 
tumor cells. After isolation of mononuclear cells using Ficoil- 
Hypaque centrifugation, cells were suspended in medium containing 
10% dimethyl sulfoxide (DMSO) and cryopreserved in liquid nitro- 
gen. Immunophenotyping was performed either on fresh cells or on 
cells that had been stored in liquid nitrogen. Monoclonal fluorescein 
conjugated anti-Leu-4 (Becton Dickinson Monoclonal Center, 
Mountain View, CA) was used to identify normal mature T cells. 
Affinity-purified fluorescein-conjugated F(ab), fragments of goat 
anti-human Ig heavy and light chains (Tago, Burlingame, CA) were 
used to identify normal and malignant B cells. Immunoflucrescence 
staining and analysis using a fluorescence-activated cell sorter 
(FACS IV., Becton Dickinson, Sunnyvale, CA) were described 
previously." At the time of biopsy, patients’ sera were obtained by 
venipuncture, separated from clotted whole blood by centrifugation 
at 1,000 g, and stored at — 20°C. 

Spontaneous or induced secretion of Ig in vitro. Patient cells 
were thawed, and viable mononuclear cells were isolated by Ficoll- 
Hypaque separation. Viability proved >95% after centrifugation, as 
measured by trypan blue dye exclusion. One million cells per 
milliliter were resuspended in RPMI 1640 medium containing 15% 
fetal calf serum (FCS) (GIBCO, Grand Island, NY), L-glutamine, 
sodium pyruvate, penicillin, streptomycin, and 104 mol/L of 2- 
mercaptoethanol. One milliliter of the patients’ cell suspensions was 
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Table 1. Characteristics of Patients’ Tissues 








Percentage of 
Cellst¢ 
Patient Diagnosis* Tissue Source* ig Type Tumor T 
C.B. NLPD Spleen K 94 6 
R.B. NLPD LN HK 53 45 
J.C. NLPD Spleen y, À 86 14 
K.C. NLPD LN Y, K 84 16 
N.D. DM LN ur 74 22 
P.E. DLPD LN H.K 21 76 
T.G, NLPD PBL H YA 93 6 
C.G. NM Spleen H, K 79 18 
D.H. CLL PBL HK 86 14 
ur 

B.J. NLPD LN HK 69 20 
C.J. NLPD LN H, K 86 14 
B.L. NLPD LN HK 84 15 
C.P. NM LN HA 73 25 
R.P. CLL PBL H.K 79 19 
L.R. NLPD LN H, À 73 24 
D.S. NLPD LN yA 85 13 
F.S. PLL PBL H, K 94 6 
M.V. DLPD PBL HK 84 13 





*NLPD, nodular lymphoma, lymphocytic, poorly differentiated type 
(follicular, small cleaved cell); DM, diffuse lymphoma, mixed histiocytic- 
lymphocytic type (diffuse mixed small cleaved and large ceil); DLPD, 
diffuse lymphoma, lymphocytic, poorly differentiated type (diffuse, smali 
cleaved cell); NM, nodular lymphoma, mixed histiocytic-lymphocytic type 
(follicular, mixed small cleaved and targe cell); CLL, chronic lymphocytic 
leukemia; PLL, prolymphocytic leukemia; LN, lymph node; PBL, periph- 
eral blood lymphocytes. 

+Percentage of tumor cells and T cells determined by immunofiuores- 
cence staining and analysis using flow cytometry. Calculation of tumor 
cells based on staining with either anti-« or anti-A reagent. Percentage of 
T cells was determined using anti-Leu-4. 


placed in each of four wells in a 24-well tissue culture plate (Costar, 
Cambridge, MA). Either 1.0 ug of phytohemagglutinin (PHA, 
Burroughs Wellcome, Research Triangle, NC) or 10 ng of phorbol 
myristic acetate (PMA, Sigma, St Louis) or a combination of both 
at the same final concentrations were added to individual wells. 
Control and stimulated cultures were maintained in a humidified 
37°C, 5% CO, atmosphere in an air incubator for seven days. Kinetic 
studies were first done to determine the optimal incubation time at 
which to assay for Ig secretion. 

Immunoglobulin assay. The amount of Ig in culture superna- 
tants was measured using an enzyme-linked immunosorbent assay 
(ELISA). Polystyrene microtiter plates (96-well) (Immulon I, 
Dynatech, Alexandria, VA) were coated with 50 pL /well of affinity- 
purified goat anti-human Ig (Tago) at a concentration of 10 ug/mL 
in phosphate-buffered saline (PBS). After the cell cultures were 
washed with PBS containing 0.05% NP-40 (Sigma), 50 uL of 
culture supernatants, serially diluted in 1% bovine serum albumin 
(BSA) in PBS, was added to the wells for one hour at room 
temperature. The plates were washed again, and 50 uL of horserad- 
ish peroxidase (HRP) conjugated, affinity-purified, goat anti- 
human « or A light chain-specific antibodies (Tago) was added for 
one hour at room temperature. After the cultures were washed, 100 
uL of a solution of 2, 2'-azino-di-(3-ethy]-benzthiazoline-sulfonate) 
(ABTS, Sigma) in 0.05 mol/L of sodium citrate buffer pH 4.0 with 
0.01% hydrogen peroxide was added. Color development was deter- 
mined by measuring the optical density (OD) at 405 nm using an 
MR600 microplate reader (Dynatech). From the mean OD, the 
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amount of Ig was calculated from a standard curve produced using 
purified human Igs. Although some assays were done on different 
days, the amount of Ig was always calculated based on simulta- 
neously run standards. The sensitivity of this assay was 0.01 ug/ 
mL. 

Assay for IgM « and > light chains. Polystyrene microtiter 
plates were coated with 10 #g/mL of goat anti-human IgM (Tago) 
in PBS. The plates were washed as above and then incubated for one 
hour at room temperature with 5% instant milk (Carnation Nonfat 
Dry Milk, Los Angeles) in PBS. This blocking step was found to 
increase the sensitivity of the assay greatly by reducing the back- 
ground. After another wash, the patients’ sera were added by 
doubling dilutions with PBS containing 1% BSA (PBS-BSA) into 
16 wells. The plates were incubated for one hour at room tempera- 
ture and washed again. Horseradish peroxidase-conjugated affinity- 
purified goat anti-human « or à light chain-specific antibodies 
(Tago) were added. After one-hour incubation at room temperature 
and another wash, an ABTS solution was added and color develop- 
ment was measured as described above. This assay was performed 
simultaneously on the test samples and pooled normal human serum 
(HS, eight donors). Titration curves were generated, and the 50% 
saturation points were compared. The serum dilutions at these points 
were expressed as a percentage of the normal pooled HS. The 
amounts of IgM x, relative te pooled normal HS, was then compared 
with the amount of IgM A, relative to pooled normal HS. 

Anti-idiotype antibodies. Murine monoclonal anti-idiotype 
antibodies were produced as previously described." Either purified 
idiotypic protein or whole tumor cells were used to immunize mice 
used in the making of anti-idiotype antibody-secreting hybridomas. 
The candidate anti-idiotypes were screened for nonreactivity with 
three different purified human IgM proteins and human tonsil. The 
antibodies used in these studies were purified from ascites. 

Measurement of tumor-specific serum idiotype. An ELISA 
assay used to measure the concentration of serum idiotype was 
described previously.’ The microtiter plates (Dynatech) were coated 
with specific anti-idiotype artibody at a concentration of 10 ng/mL. 
in PBS NP-40. After the plates were washed, idiotype protein 
standard and unknown samples were serially diluted with PBS-BSA 
in parallel on the plate, incubated, and washed again. Biotin- 
conjugated specific monocicnal anti-idiotype antibody was added, 
incubated, and washed from the plate. Avidin conjugated to HRP 
(Vector, Burlingame, CA) was added at an appropriate dilution, 
incubated, and washed. ABTS was added as a final step, and the 
results were evaluated as in the immunoglobulin assay described 
above. 


RESULTS 


Characteristics of patients and tissues. Table | lists the 
18 patients selected for these studies. All patients had 
advanced disease with easily palpable lymphadenopathy in 
multiple anatomic sites and/or large numbers of tumor cells 
in their peripheral blood. Lymphoma patients had stage III 
or IV disease; leukemic patients had WBC counts > 25,000/ 
uL, and most cells were malignant. Eleven of the 18 patients 
had received prior treatment with chemotherapy and/or 
radiotherapy. No patient had received therapy within 1 
month of tissue sampling or serum collection. The sources of 
tissue were lymph node in 10 patients, peripheral blood in 5 
patients, and spleen in 3 patients who underwent splenec- 
tomy for diagnosis (C.B.) or because of cytopenias or symp- 
tomatic organomegaly (J-C., C.G.). 

The surface Ig type was established by immunofluores- 
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cence staining and FACS analysis of cell suspensions. In 
each case, except that of D.H., a predominant light chain 
type was found. Thus, these cases were believed to be 
monoclonal. These results were confirmed on frozen tissue 
samples using an immunoperoxidase technique.'® In D.H., 
the peripheral blood lymphocytes expressed either « or A light 
chain in approximately equal ratios. 

The percentage of malignant cells and infiltrating normal 
T cells within the tissue are also shown in Table 1. These 
percentages were determined using immunofluorescence on 
the FACS gated on the lymphoid population of cells. The 
degree of tumor involvement was >50% in the specimens of 
17 of 18 patients. One patient’s (P.E.) biopsy had only 21% 
tumor cells, with a strikingly large number of normal T cells 
(76%). 

Secretion of tumor idiotype in vitro. Cell suspensions 
from tumor specimens were cultured with or without PMA 
and/or PHA. The optimal concentration of PMA (10 ng/ 
mL) and time to measure secreted Ig in the culture superna- 
tant (day 7) were determined in preliminary studies. Subse- 
quently, cumulative Ig secretion was measured after a seven- 
day culture period (Table 2). Four patients (T.G., B.J., C.J., 
and C.P.) had undetectable amounts of Ig in control and in 
stimulated cultures. Five patients (R.B., K.C., N.D., C.G., 
and D.S.) had low levels of spontaneous or induced Ig 
secretion. The remaining nine patients had higher levels of 
secreted Ig. Three patients (R.P., L.R., and M.V.) had no 
detectable spontaneous Ig secretion, but significant quanti- 
ties were secreted on stimulation with PMA, PHA, or both. 
Five patients (J.C., P.E.. D.H., B.L., and F.S.) had high 


Table 2. Secretion of Tumor td in Vitro and in Vivo 





in Vitro Secretion {ug/ml} 








Serum 
PMA + id Level Serum 

Patient No Mitogen PMA PHA PHA {ug/ml} «-À Imbalance 
C.B. 0.8 0.8 0.8 1.0 100 Yes 
R.B. 0.15 0.25 0.15 0.4 0.01 No 
J.C. 1.4 0.7 1.4 1.3 > 150 NA 
K.C. 0.10 0.05 0.10 0.15 30 NA 
N.D. 0.2 0.4 0.5 0.5 0.1 No 
P.E. 2.0 2.0 2.0 2.0 150 Yes 
T.G. 0 0 o is] 15 No 
C.G. 0.3 0.4 0.4 0.4 0 No 
DH.* 

(x) 0.6 1.8 0.6 1.0 NM NM 

{A} 0.5 1.0 0.5 0.6 
B.J. o (0) is} ie) 0.02 No 
Cod. 0 o (8) 0 2.2 No 
BL. 0.8 1.0 1.0 1.5 120 Yes 
C.P, (6) 0 o ie} (6) No 
R.P. o 0.6 1.5 3.0 <500 Yes 
L.R. 0 0.15 0 1.2 >200 Yes 
D.S. 0 0.05 (0) 0.05 <1 NA 
F.S. 0.9 0.6 4.1 1.4 500 Yes 
M,V. 0 1.0 0.6 4 400 Yes 





id, idiotype; PMA, phorbol myristate acetate; PHA, phytohemaggiuti- 
nin. O, none detectable; NM, not measured; NA, not applicable because 
turnor secreted IgG. 

*Secretion of both light chain classes was observed. Values for both 
are listed. 
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levels of spontaneous Ig secretion only minimally affected by 
stimulation. 

In all but one case, only a single type of secreted light 
chain was detected. This always matched the light chain type 
found on the surface of the tumor cells. In D.H., both « and A 
light chains were found in culture supernatants. 
Immunoglobulin gene rearrangement studies showed that 
patient D.H. was biclonal as was reported previously.” His 
tumor was comprised of a mixture of x-and A-bearing 
clones. 

Correlation of secretion in vitro with serum idiotype 
level. Table 2 also shows the amount of tumor idiotype 
measured in the serum of these patients at the time of tissue 
sampling. The levels of serum idiotype correlated with the 
spontaneous or induced secretion of Ig in vitro (Fig 1). 
Patients with spontaneous or induced levels of secreted Ig 
=1.0ug/mL had high serum idiotype levels (mean + SD 265 
ug/mL + 172) as compared with patients with secretion in 
vitro <0.5 ug/mL (mean + SD 3.7 wg/mL + 9.9). Distribu- 
tion of serum idiotype levels between these two groups did 
not overlap. The measurement of spontaneous or induced Ig 
secretion in vitro accurately identified patients with high 
serum idiotype levels. There was no correlation between the 
numbers of normal T cells within the tumor sample and the 
amount of spontaneous or induced Ig secretion in vitro 
(Tables 1 and 2). Further analysis of T celi subsets revealed 
no consistent pattern (data not shown). 

Analysis of serum IgM for x and > light chain. Most B 
cell lymphomas express IgM on their cell surface and would 
secrete antibody with that heavy chain isotype. The total 
amounts of IgM « and IgM A in the serum of most of the 
patients were below those found in pooled norma! serum. 
This finding is a result of the hypogammaglobulinemia that 
frequently exists in patients with B cell lymphoma. An assay 
that measured the concentration of k and A light chains in the 
IgM component of serum was developed. The values were 
compared with those in pooled normal human serum; a 
calibration of this assay is shown in Fig 2. Various concentra- 
tions of either a purified IgM « or IgM A paraprotein were 
added to pooled human serum and compared with the 
unspiked serum. A minimum level of paraprotein of 200 
ug/mL was detectable in this assay. Higher levels caused an 
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Fig 1. Correlation of in vitro secretion of ig with serum 
idiotype level. Tumor cells secreting <0.5 ug/ mL of ig in vitro were 
from patients with <30 ug/ mL of serum idiotype. in vitro secretion 
of =1.0 ug/mL predicted =100 ug/ml of serum idiotype. 
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Fig 2. Sensitivity of x/ ratio assay for the presence of IgM 
paraprotein. Increasing amounts of purified ux (top) or uÀ (bottom) 
ig were added to normal human serum and assayed as described in 
the Materials and Methods section. SD was <10% both in 
repeated assays and when different sources of normal human 
serum were used. 


increasingly greater excess of light chain in the test serum as 
compared with the unspiked serum. As expected. the non- 
paraprotein—associated light chain levels remained constant 
in all the test samples. Patients with IgG-secreting tumors 
were tested using a similar assay. The large amounts of 
normal IgG in serum obscured the results. 

This assay was performed on serum from 14 patients, as 
shown in Fig 3. Seven patients (C.B., P.E., B.L., R-P., L.R., 
F.S., and M.V) had an imbalance in the amounts of light 
chains as compared with patients having normal serum. This 
is best demonstrated in patient R.P., who had a monoclonal 
IgM «x protein spike detected by serum protein electrophore- 
sis. Using this assay, we found more IgM x in the patient's 
serum than in the normal serum; however, the IgM À level 
was quite low. This caused a dramatic imbalance in the levels 
of IgM light chains as compared with those in normal serum. 
Similar, but less dramatic, results were obtained in six other 
patients. Each of these seven patients had high levels (> 100 
ug/mL) of idiotype in the serum. The other seven patients 
had no significant imbalance in IgM light chains and had 
serum idiotype levels <15 wg/mL. As compared with the 
data shown in Fig 2, detectable levels of circulating mono- 
clonal proteins were lower in the patient’s serum (100 ug/ml 
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Fig 3. Results of the x/à ratio assay. Patients with serum 
idiotype levels of >15 ug/ml (top) and patients with serum 
idiotype levels of <15 g/mL (bottom) are shown, with increasing 
idiotype levels from left to right. The minimum serum idiotype 
among the >15 ug/ml group was 100 ug/ml (C.B.). 
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in C.B.) than in normal serum. This is likely related to the 
lower background IgM levels, which made it easier to detect 
small amounts of the monoclonal Ig. This assay successfully 
predicted which patients secreted =100 ug/mL of idiotype 
into the serum, provided that the idiotype was IgM. 


CISCUSSION 


Because a custom-made antibody must be made for each 
patient, criteria must be established that will facilitate the 
selection of the most favorable candidates for anti-idiotype 
therapy. Circulating antigen interferes with therapy using 
antibodies.*®*? This has been a particularly important prob- 
lem in studies using anti-idiotype antibodies directed against 
the Ig present on B cell tumors.**? Patients with insurmount- 
able levels of idiotype in their serum should be excluded from 
therapeutic trials. In the past, an anti-idiotype antibody first 
had to be produced; it could then be used to measure the level 
of circulating idiotype protein. In this study, we developed in 
vitro assays that predict which patients have significant 
levels of serum idiotype without using an anti-idiotype 
reagent. 

We prepared monoclonal anti-idiotype antibodies for all 
the patients studied in this report except D.H. This enabled 
us to measure idiotype levels accurately in these patients to 
establish a correlation with in vitro predictive tests. Several 
factors may have influenced both the in vitro assay results 
and the in vivo idiotype levels. The number of cells added to 
each well of the in vitro assays was based only on viable cells, 
with no adjustments made for the cellular composition. ie, 
the ratio of tumor, norma! B cells, and normal T cells. Thus, 
the number of Ig-secreting cells in each well were proportion- 
ately reduced in tumors with large numbers of T cells. In 
addition, the T cells may influence, either positively or 
negatively, the ability of the malignant B cells to secrete Ig. 
Finally, the in vivo level of serum idiotype varies directly with 
tumor bulk.'' Despite these theoretical problems, the in vitro 
assays reliably predicted in vivo levels. 

The effects of various mitogens, including PHA and 
phorbol esters, on secretion of immunoglobulin by normal 
and neoplastic B cells were previously studied in vitro.” 
PHA added to cultures of normal T and B cells caused 
proliferation of both sets of cells, expression of interleukin 2 
(1L2) receptor on the T cells, and increased secretion of Ig by 
B cells. Most of these effects were mediated by soluble B cell 
growth and differentiation factors secreted by the stimulated 
T cells. The mitogens produced both increased secretion of Ig 
and maturation of the malignant cells, as measured by switch 
of idiotype-positive IgM and IgD to IgG.”"? No correlation 
with the in vivo secretion of the malignant cells has been 
previously reported. Although a direct effect of the mitogens 
on the tumor cells produced some enhancement of secretion, 
their effect on T lymphocytes, also present in the culture, was 
probably more important.” Defects in the in vitro function of 
the T lymphocytes of patients with B cell malignancies have 
been identified.”*”* Some reports showed that allogeneic cells 
were far better at stimulating secretion of Ig than were 
autologous T cells.” Indeed, suppression was induced by 
adding back autologous T cells to a culture containing 
normal allogeneic T cells and the malignant B cells.” Other 
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investigators were unable to identify abnormal T cell sup- 
pression.” We found no correlation between the numbers 
or types of T cells and spontaneous or induced Ig secretion 
among the tumors in this study. 

The autologous T cells may have suppressed production in 
the patients whose tumors secreted little or no Ig in vitro or in 
vivo. Among those that secreted Ig in vitro, however, our 
data suggested an enhancing effect of T cell stimulation on 
Ig secretion. Differences were evident among the patients 
regarding the necessity for PHA and/or PMA to produce 
maximal secretion of Ig. In patients R.P. and L.R., PMA and 
PHA had a synergistic effect on idiotype secretion. PMA 
induces IL 2 receptor expression on T cells.® This effect, 
together with the T cell proliferation induced by PHA, may 
have led to amplification of synthesis and secretion of B cell 
growth and differentiation factors. Patient R.P. had the 
highest level of secretion in vitro (Table 2, >3.0 ng/mL), but 
only after stimulation with both PMA and PHA. Serum 
protein electrophoresis (SPEP) showed that this patient had 
a paraprotein spike of 20 mg/mL, suggesting that T cells 
were necessary for tumor idiotype secretion in vivo as well as 
in vitro. Similar observations were made for L.R. and M.V., 
who also had high levels of serum idiotype. Previously, we 
reported that the absolute number of T cells in the tumor 
correlated positively with the patient’s response to anti- 
idiotype therapy. T cells located within the tumor or 
elsewhere may regulate the in vivo secretion of idiotype as 
well as the control of growth and differentiation of the 
malignant B cells. 

The assay to measure spontaneous and induced secretion 
of Ig was designed to correlate with in vivo secretion and thus 
with serum idiotype. The effects of autologous T cells were 
not eliminated in this assay, so that we could simulate the in 
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vivo situation. Although this assay measured free light 
chains and IgG as well as IgM, we believe that quantitation 
of the total Ig secreted in vitro is important in determining 
the in vivo secretory capacity of the tumor cells. The assay 
was successful in this respect. The spontaneous or induced 
secretion of idiotype was able to identify patients with high 
serum idiotype levels (Fig 1). In vitro secretion <0.5 ug/mL 
can be used to select patients with little or no circulating 
idiotype. Conversely, in vitro secretion of >1.0 gg/ml 
identifies patients with high levels of serum idiotype who are 
not good candidates for anti-idiotype therapy. 

We also tested an assay that measures the relative imbal- 
ance of IgM light chains in the serum to detect circulating 
IgM tumor idiotype. The advantage of this test is that 
culture of cells is not required and results may be obtained 
rapidly. Although the assay successfully identified patients 
with large amounts of IgM, its lack of sensitivity and 
inapplicability to IgG-secreting tumors limited its useful- 
ness. 

Other workers have isolated tumor idiotype either from 
serum or from cultures of malignant cells. Although these 
techniques simplify the process of making anti-idiotype 
antibodies, it requires patients with high levels of serum 
idiotype. Thus, these methods have the disadvantage of 
selecting for the most unfavorable patients. 

Our studies have considerable practical significance. The 
ability to select patients with low levels of serum idiotype will 
facilitate therapeutic studies using anti-idiotype. Our studies 
may also be useful in monitoring tumor activity and response 
to treatment. In addition to their practical importance, our 
studies have important implications regarding the immuno- 
regulation of B cell tumors. 
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CONCISE REPORT 


Mother-to-Offspring Transmission of Human T Cell Leukemia 
Virus Type I in Rabbits 


By Yoshiki Uemura, Shigemitsu Kotani, Shizuo Yoshimoto, Masatoshi Fujishita, 
Makoto Yamashita, Yuji Ohtsuki, Hirokuni Taguchi, and Isao Miyoshi 


We studied the mode of natural transmission of human 
T-cell leukemia virus type | (HTLV-I) in rabbits. Four 
virus-infected rabbits (2 males and 2 females) were individ- 
ually mated with 4 noninfected rabbits. Two virus-infected 
females mated with noninfected males gave birth to 7 
offspring, and 2 noninfected females mated with infected 
males delivered 5 offspring. Four of the seven offspring 
born to the virus-infected mothers seroconverted for 
HTLV-I when aged 6 to 13 weeks with antibody titers of 
1:40 to 1:160. None of the five offspring born to the 
noninfected mothers became seropositive during the 
observation period of 6 months, however. Peripheral lym- 


HE HUMAN T-cell leukemia virus type I (HTLV-1) is 
an exogenous type C retrovirus eticlogically associated 
with adult T cell leukemia (ATL). The virus is transmissible 
by blood transfusion.’ Seroepidemiologic surveys suggest 
natural transmission of HTLV-I from mother to child and 
between spouses.“ Detection of viral antigens in semen and 
mothers’ milk indicate that the virus was transmitted by 
sexual contact and by breast feeding.** Recently, HTLV-I 
was shown to be transmissible to marmosets by oral inocula- 
tion of virus-infected lymphocytes from ATL patients’ and 
by feeding of milk from seropositive women.* We showed 
that rabbits could be infected with HTLV-I intravenously,’ 
orally,'° and by blood transfusion." We now report natural 
transmission of HTLV-I from mother to offspring in this 
animal model. 


MATERIALS AND METHODS 


Animals. Non-inbred Japanese white rabbits weighing ~3 kg 
were used. They were purchased from a commercial breeder and 
received pelleted diet and tap water. Two females and two males 
were infected with HTLV-I by transfusion of 20 mL of blood from 
virus-infected rabbits, as described previously. All four rabbits 
seroconverted for HTLV-I after 2 to 4 weeks, and their antibody 
titers ranged from 1:80 to 1:640 in an immunofluorescence assay. 
The four virus-infected rabbits were housed individually and were 
mated with four noninfected rabbits. 

Detection of antibodies to HTLV-I. Rabbits born to the virus- 
infected parents were followed for the development of antibodies to 
HTLV-I. Blood samples were taken first when the rabbits were aged 
4 weeks and then serially at intervals of | to 2 weeks for 6 months. 
Sera were titrated for HTLV-I antibodies by indirect immunofluor- 
escence’® using the MT-2 cell line.’ In brief, acetone-fixed MT-2 
cells were first reacted with appropriately diluted rabbit sera and 
then with fluorescein-conjugated (FITC-conjugated) swine anti- 
rabbit immunoglobulins (DAKO, Copenhagen) for 30 minutes at 
37°C. Anti-HTLV-I positive and negative rabbit reference sera 
were included as parallel controls. 

Cell culture. Lymphocytes were separated from 10 mL of blood 
by Ficoll-Hypaque gradient centrifugation. The celis were cultured 
at} x 10°/mL in 35-mm Petri dishes with RPMI 1640 medium 
supplemented with 20% fetal calf serum (FCS), 10% crude T cell 
growth factor (TCGF) (Japan Immunoresearch Laboratories, 
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phocytes were cultured with T cell growth factor, and 
HTLV-I-carrying lymphoid cell lines were established from 
the four seroconverted rabbits. All four cell lines were of T 
celis positive for la antigens. In addition, none of five 
newborn rabbits killed immediately after birth to a virus- 
infected rabbit was infected with HTLV-I. These findings 
provide an experimental support for the milkborne trans- 
mission of HTLV-I from mother to child in humans and 
indicate that the virus is tropic for T cells in rabbits as 
well. 

e 1987 by Grune & Stratton, inc. 


Takasaki), and antibiotics. The cultures were incubated at 37°C ina 
humidified 7.5% CO, atmosphere and fed twice a week. 

Analysis of surface and antigen markers. Cells were examined 
for sheep erythrocyte (E) receptors, as described previously"? Sur- 
face immunoglobulins (Sig) were tested by reacting cells with 
FITC-conjugated swine anti-rabbit immunoglobulins. They were 
also tested by membrane immunofluorescence for reactivities with 
monoclonal antibodies, including Leu-! (human T cells), OKJa) 
(human la antigens), L11/135 (rabbit T cells),"° and 2C4 (rabbit Ia 
antigens). HTLV-I antigens were detected by indirect immuno- 
fluorescence with reference ATL patient's serum and anti-pi9” and 
anti-p24'* monoclonal antibodies. 


RESULTS 


Seroconversion in offspring of HTLV-I-infected rab- 
bits. Four pairs of male and female rabbits each delivered 
one litter of 1 to 6 newborns. Two virus-infected females 
mated with noninfected males gave birth to 7 offspring, and 2 
noninfected females mated with virus-infected males gave 
birth to 5 offspring (Fig 1). Four of the 7 rabbits born to the 
virus-infected mothers seroconverted for HTLV-I at 6 to 13 
weeks after birth. Their antibody titers, initially low at 1:10, 
rose to the highest levels of 1:40 to 1:160 over the following 2 
to 8 weeks and remained at those levels thereafter (Fig 2). In 
contrast, none of the 5 rabbits born to the noninfected 
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Fig 1. Parent-to-offspring relationship with respect to sero- 
conversion ( +) in rabbits. Males (C); Females (O). Numbers below 
symbols denote final antibody titers to HTLV-I. Seroconverted 
offspring (left to right) yielded HTLV-I-carrying lymphoid cell lines 
Ra-7 to Ra-10, respectively. 


mothers became seropositive during the observation period of 
6 months. 

Isolation of HTLV-I from seroconverted offspring. 
When the rabbits were aged 3 to 4.5 months, blood samples 
were taken from the seven offspring born to the virus- 
infected mothers; their lymphocytes were cultured in the 
presence of TCGF. Active cell growth occurred after 2 to 4 
weeks and a TCGF-dependent lymphoid cell line was estab- 
lished from each of the four seroconverted offspring, whereas 
the cells from the three seronegative offspring did not grow 
for >2 months. These four cell lines, designated Ra-7 to 
Ra-10, grew in suspension with clumps of cells and consisted 
of primitive lymphoid cells (Fig 3). Two of the four cell lines 
became TCGF-independent after 2 months. The four cell 
lines had a normal female rabbit karyotype corresponding to 
the sex of the donors. All four cell lines were reactive with 
L11/135 and 2C4 but were completely negative for E 
receptors, Slg, Leu-1, and OKIal. HTLV-I antigens were 
fully expressed in all the cell lines as detected with reference 
ATL patient’s serum, anti-p19, and anti-p24. Type C virus 
particles were demonstrated in these cell lines by electron 
microscopy (Fig 4). These characteristics are shown in 
Table 1. 

Examination of newborn rabbits for HTLV-I infec- 
tion. A litter of five newborn rabbits was killed immedi- 
ately after birth to a virus-infected rabbit, and their splenic 
lymphocytes were cultured in the presence of TCGF. All five 
cultures were negative for HTLV-I antigens when examined 
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Fig 2. Representative antibody response curve in a rabbit 
born to virus-infected mother. 
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Fig 3. Light-microscopic appearance of Ra-9 cells. Cells vary 
in size with occasional giant cells. Nucleoli are seen in some cells. 
(May-Grunwald-Giemsa, original magnification 1,200; current 
magnification x 840.) 


by indirect immunofluorescence after 3 to 4 weeks and 
eventually failed to be established as lymphoid cell lines. 


DISCUSSION 


The concept of mother-to-child transmission of HTLV-I 
has been previously supported on seroepidemiologic 
grounds** by the detection of viral antigens in milk from 
seropositive women,** and by experimental oral transmission 
of HTLV-I into marmosets.’* A rabbit model of HTLV-I 
infection provided a unique opportunity to investigate the 
mode of transmission of this virus.”"' In the present experi- 
ment, virus-infected female rabbits were mated with non- 
infected male rabbits and vice versa, and their offspring were 
followed for evidence of virus infection. Virus transmission 
occurred in offspring born to virus-infected mothers but not 
in offspring born to noninfected mothers. These findings give 
experimental support for the natural transmission of HTLV- 
I from mother to child in humans. 

Two routes of virus transmission, transplacental or milk- 
borne, may be considered. To clarify this point, we attempted 





Fig 4. Electron micrograph of Ra-8 cells showing type C virus 
particles in the extracellular space. (Uranyl acetate and lead 
citrate, original magnification x 36,000; current magnification x 
25,200.) 


VERTICAL TRANSMISSION OF HTLV-I 


Tabie 1. Characteristics of HTLV-I-Carrying Rabbit 
Lymphoid Cell Lines 








Markers Ra-7 Ra-8 Ra-9 Ra-10 
E receptors (9) o oO 0 
Sig [0] 0 (0) (8) 
Leu-1 ie) (6) 0 (0) 
OKial oO 0 0 0 
L11/135 73 80 82 89 
2C4 93 90 100 87 
HTLV- antigens 75 80 90 90 
HTLV-i particles + + + + 
Karyotype 44, XX 44, XX 44, XX 44, XX 





Numbers are percentage of positive cells. 


a foster-nursing experiment by exchanging newborn rabbits 
between virus-infected and noninfected females. Two litters 
from virus-infected rabbits and one litter from a noninfected 
rabbit were all cannibalized after foster-nursing, however. 
We then examined whether newborn rabbits born to a 
virus-infected rabbit were already infected at birth with 
HTLV-I, but the virus could not be detected or isolated from 
cultures of their splenic lymphocytes. This is consistent with 
the absence of HTLV-I antigens in cord lymphocytes from 
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neonates born to seropositive women.*® Thus, milkborne 
rather than transplacental transmission of HTLV-I appears 
more likely. Previously, we demonstrated that only one of 
four adult rabbits could be infected with HTLV-I by twice- 
weekly oral inoculation of a large number of virus-infected 
cells.'!° Those results, compared with the present data, indi- 
cate that suckling rabbits may be more susceptible to oral 
transmission of HTLV-I. 

HTLV-I is known to preferentially transform T cells from 
monkeys, cats,” and rats,” as well as from humans.” 
Therefore, we wished to determine the lineage of the rabbit 
lymphoid cell lines transformed by this virus. Recently, 
monoclonal antibodies to rabbit T cells (L11/135)'* and 
rabbit la antigens (2C4)'* became available, and all four cell 
lines (Ra-7 to Ra-10) were reactive with both monoclonals in 
the absence of B cell markers. Thus, T cell tropism of 
HTLV-I appears to be a distinct feature common to a wide 
range of animal species, 
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Expression of the Macrophage-Specific Colony-Stimulating Factor in Human 
Monocytes Treated With Granulocyte-Macrophage Colony-Stimulating Factor 


By Junko Horiguchi, M. Kim Warren, and Donald Kufe 


The macrophage-specific colony-stimulating factor (CSF-1, 
M-CSF) regulates the survival, growth and differentiation 
of monocytes. We have recently demonstrated that phor- 
bol ester induces expression of CSF-1 in human mono- 
cytes. These findings suggested that activated monocytes 
are capable of producing their own lineage-specific CSF. 
The present studies demonstrate that the granulocyte- 
macrophage colony-stimulating factor (GM-CSF) also 
induces CSF-1 transcripts in monocytes. Furthermore, we 


IOLONY-STIMULATING FACTORS control the in 
vitro proliferation and differentiation of hematopoietic 
progenitor cells.'” These factors include granulocyte /macro- 
phage colony-stimulating factor (GM-CSF), granulocyte- 
CSF (G-CSF), macrophage-CSF (CSF-1, M-CSF) and 
multi-CSF (interleukin 3).| A cDNA for the T lymphocyte- 
derived GM-CSF has been cloned and recombinant GM- 
CSF protein purified to homogeneity.” This purified human 
GM-CSF has recently been shown to induce tumoricidal 
activity in human peripheral blood monocytes.? The effects 
of GM-CSF on specific gene expression in monocytes, partic- 
ularly that of other CSFs, however, remains unclear. 

CSF-1 is required for the survival, growth, and differen- 
tiation of monocytes.’ The effects of CSF-1 are mediated by 
binding to the CSF-I receptor, a 165-kd glycoprotein 
encoded by the c-fms protooncogene.? We® and others’ 
previously demonstrated that the c-fms gene is expressed in 
cells differentiated along the monocytic lineage. More recent 
studies have demonstrated that CSF-1 is also expressed 
during phorbol ester-induced monocytic differentiation.®? 
These findings suggested that monocytes may have the 
capacity to autostimulate certain functions through the 
production of CSF-1. Our previous studies, however, did not 
examine whether specific cytokines are capable of regulating 
CSF-1 expression in monocytes. 


MATERIALS AND METHODS 


Cell culture. Human peripheral blood monocytes were purified 
by Ficoll-Hypaque separation, adherence for one hour and then 
removal of the nonadherent cells. The adherent cell population was 
collected with a plastic policeman, readhered overnight, and washed 
again with four changes of medium. The second adherent cell 
population consisted of over 98% monocytes by morphologic exami- 
nation. Monocyte purification and culturing were performed in 
RPMI 1640 medium with 10% pooled human AB serum. The 
purified monocytes were treated with 20, 100, 500, and 2,500 
CFU-C/mL GM-CSF (specific activity: 5 x 10* CFU-C/ug).”? The 
recombinant human GM-CSF was produced in yeast and was free of 
detectable endotoxin by the limulus assay. 

DNA probes. The 1.6-kb fragment of a human CSF-1 cDNA 
was purified from the peCSF-12 plasmid."' The 1.0-kb PstI frag- 
ment of the v-/ms gene was purified from the pSM3 plasmid.® 

Hybridizations. The procedures used for RNA extraction, 
transfer, hybridization, and washing were as reported previously." 

CSF-1 determinations. The concentration of CSF-1 in tissue 
culture supernatants was determined by the CSF-1-specific 
radioimmune assay."! 
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demonstrate that the detection of CSF-1 RNA in GM- 
CSF-treated monocytes is associated with synthesis of the 
CSF-1 gene product. The results thus suggest that GM- 
CSF may indirectly control specific monocyte functions 
through the regulation of CSF-1 production. These findings 
indicate another level of interaction between T cells and 
monocytes. 

® 1987 by Grune & Stratton, inc. 


RESULTS 


We have previously shown that TPA treatment of human 
peripheral blood monocytes induces CSF-1 expression. A 
maximum increase in CSF-1 RNA was achieved six hours 
after TPA induction and these transcripts declined there- 
after. Treatment of resting human monocytes with GM-CSF 
similarly induced CSF-1 expression. The CSF-1 cDNA 
probe hybridized with a 4.6-kb transcript detectable at three 
hours of exposure to 500 CFU-C/mL GM-CSF (Fig 1). 
Similar findings have been obtained using poly A-selected 
monocyte RNA (data not shown). Furthermore, the level of 
CSF-1 RNA induced by GM-CSF remained detectable 
through 48 hours. In contrast, CSF-1 transcripts were unde- 
tectable following the same analysis of monocytes incubated 
in the absence of GM-CSF. The findings in GM-CSF- 
treated monocytes were also associated with a partial down- 
regulation of c-fms expression (Fig 1). Similar effects on 
CSF-1 and c-fms expression were obtained following treat- 
ment of monocytes with 20, 100, and 2,500 CFU-C/mL 
GM-CSF (data not shown). 

We have also monitored production of the CSF-1 protein 
in GM-CSF-treated monocytes. CSF-1 levels in monocyte 
supernatants increased nearly tenfold at three hours of 
GM-CSF exposure (Fig 2). Furthermore, the CSF-1 levels 
remained elevated at 48 hours of treatment. In contrast, 
monocytes incubated in the absence of GM-CSF had no 
detectable supernatant CSF-1 at similar intervals and at 72 
hours. Thus, CSF-1 expression at the RNA level corre- 
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MONOCYTES 






CSF-1 





Fig 1. Levels of CSF-1 and c-fms RNA during treatment of 
human monocytes wity GM-CSF. Peripheral blood monocytes wre 
purified as described in Materials and Methods and treated with 
500 CFU-C/mL GM-CSF. Total cellualr RNA was purified by the 
guanidine thiocyanate—cesium chloride method, analyzed by elec- 
trophoresis of 12 ug RNA through 1% agarose-formaldehyde gels 
followed by Northern blot transfer to nitrocellulose. The RNA 
filters were hybridized to the “P-labeled nick-translated CSF-1 
and v-fms probes. 


sponded with detection of the CSF-! protein in culture 
supernatants. 


DISCUSSION 


The present results demonstrate that GM-CSF induces 
CSF-1 expression in human monocytes. This induction 
occurred during the continued expression of c-fms tran- 
scripts. Since c-fms encodes for the CSF-1 receptor, the 
findings would suggest that GM-CSF treated monocytes 
may regulate their own growth and differentiation through 
CSF-1 production. Thus, the in vitro effects of GM-CSF on 
macrophage colony formation’ may be mediated in part by 
induction of CSF-1 expression. Furthermore, recent studies 
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treated monocytes. Monocytes were treated with GM-CSF as 
described in the legend to Fig 1. The supernatants were assayed 
for CSF-1 using the CSF-1-specific radioimmune assay." The 
values represent the CSF-1 concentration for 1 x 10° monocytes / 
mL. The value shown for the zero time point represents the lower 
limit of this assay. 


have demonstrated that CSF-1 also stimulates human mono- 
cyte production of interferon, tumor necrosis factor, and 
myeloid colony-stimulating activity.” Taken together, these 
findings would suggest that GM-CSF, and therefore T 
lymphocytes, may indirectly control specific functions of 
monocytes through the regulation of CSF-1 expression. 

Other cytokines appear capable of inducing CSF-! in 
monocytes. Previous studies have demonstrated that T cell- 
derived gamma-interferon induces release of monocyte 
colony-stimulating activity from purified human mono- 
cytes.”"* Thus, gamma-interferon and GM-CSF may both 
contribute to the interaction between T cells and monocytes 
by inducing CSF-1] expression. Furthermore, our studies 
have not addressed the possibility that GM-CSF first induces 
expression of a monokine, which in turn regulates CSF-1 
production. In this regard, recent studies have demonstrated 
that both tumor necrosis factor and interleukin | are capable 
of stimulating monocyte cytotoxicity.'* The effects of these 
monokines on CSF-1 expression in human monocytes will 
require further study. 
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Bone Marrow Transplantation in Multiple Myeloma: Report From the European 
Cooperative Group for Bone Marrow Transplantation 


By G. Gahrton, S. Tura, M. Flesch, A. Gratwohl, P. Gravett, G. Lucarelli, M. Michallet, J. Reiffers, 
O. Ringden, M.T. van Lint, J.P. Vernant, and F.E. Zwaan 


Of 14 patients who received an allogeneic bone marrow 
graft from HLA-compatible sibling donors, 10 have survived 
for 6 to 34 months posttransplantation (median, 12 
months). Four patients have died, two of relapse at extra- 
medullary sites, one of severe acute GVHD, and one from 
Gi bleeding and pericardial effusion. One patient is alive in 
relapse and four patients have signs of minimal persistent 


LLOGENEIC BONE MARROW transplantation 
(BMT) has proved to be an efficient method for 
treatment of patients with a variety of hematological malig- 
nancies, in particular acute leukemia and chronic myelocytic 
leukemia.’ BMT has also been performed in a few patients 
with multiple myeloma,’* three of whom have survived more 
than two years posttransplantation, although they were 
transplanted in an advanced stage of the disease. Within the 
European Cooperative Group for Bone Marrow Transplan- 
tation (EBMT), 14 myeloma patients have been trans- 
planted. This report describes the outcome for these 14 
patients, some of whom have been presented previously in 
preliminary reports.** 


MATERIALS AND METHODS 


Fourteen patients (8 women, 6 men, median age 35 years) (Table 
1} were reported to the EBMT registry, having been transplanted for 
multiple myeloma. All patients had been treated with cytotoxic 
drugs prior to BMT. Five were in stage IH, two in stage H, and seven 





From the Division of Clinical Hematology and Oncology, 
Department of Medicine, Huddinge Hospital, Huddinge, Sweden; 
the Department of Hematology, University Hospital, Bologna, 
Italy; the BMT Unit, Hopital Jean-Minjoz, Besancon, France; the 
Department of Hematology, Kantonspital, Basel, Switzerland; the 
BMT Clinic, the London Clinic, London; the Department of Hema- 
tology, Pesaro Hospital, Pesaro, Italy; the Department of Hemato- 
logy, University Hospital, Grenoble, France; the Department of 
Hematology, University Hospital, Pessac, France; the Departments 
of Transplantation Surgery and Clinical Immunology, Huddinge 
Hospital, Huddinge, Sweden; the Department of Hematology, 
Hospital $ Martin, Genova, Italy; the Department of Hematology, 
University Hospital, Creteil, France; and the Isolation Unit, Univer- 
sity Hospital, Leiden, the Netherlands. 

Submitted November 6, 1986; accepted December 31, 1986. 

Supported by grants from the Swedish Medical Research Coun- 
cil, the Swedish Cancer Society, and the Progetto Finalizzato 
Regione Emilia Romagna. 

Address reprint requests to Dr Gosta Gahrton, Department of 
Medicine, Huddinge University Hospital, S-141 86 Huddinge, 
Sweden. 

The publication costs of this article were defrayed in part by page 
charge payment. This article must therefore be hereby marked 
“advertisement” in accordance with 18 U.S.C. §1734 solely to 
indicate this fact. 

© 1987 by Grune & Stratton, Inc. 

0006-497 1/87/6904-004833.00/0 


1262 


disease. Five patients are well without signs of active 
disease. Minor improvement in osteolytic lesions on X-ray 
were seen in three patients, but the X-ray bone structure 
was mainly unchanged in most patients. Bone marrow 
transplantation appears promising for treatment of certain 
patients with multiple myeloma. 

© 1987 by Grune & Stratton, Inc. 


in stage I prior to the start of consolidation treatment. Five were 
considered refractory to treatment (patients 4, 6, 7, 8, and 10), while 
9 were not refractory to first- or second-line treatment. Five patients 
had received only melphalan and prednisolone before transplant; two 
of them were refractory to this treatment, and two were responding. 
Nine patients had received a combination of various cytotoxic drugs. 
The time from diagnosis to BMT varied considerably (median 14 
months). 

All patients were conditioned before BMT with both cyclophos- 
phamide and total body irradiation (modified Seattle protocol). 
Five patients received additional cytotoxic drugs, ie, CCNU (lomus- 
tine), BCNU (carmustine), vincristine, prednisolone, and melphalan 
in variable regimens. Eight patients received total body irradiation in 
a single dose and six in fractions over three to five days. The total 
dose varied between 9.5 and 12 Gy, according to whether it was 
given as a single dose or in fractions. 

All patients were advised of BMT procedures and attendant risks, 
in accordance with institutional guidelines, and gave informed 
consent. 


RESULTS 


Of the 14 patients, 10 are alive 6 to 34 months (median 12 
months) post-BMT (Table 1). Four patients died '4 to 4'4 
months posttransplant. One patient with an IgG-lambda 
plasma-cell leukemia died with a meningeal relapse 4'4 
months post-BMT, and one patient with an IgG-kappa 
myeloma died with a cerebral relapse. In these two patients 
there were no signs of generalized disease. One patient died 
from GI bleeding and pericardial effusion, and the fourth 
patient died of severe GVHD. 

Among the surviving patients five were well and without 
signs of disease. Two of them were considered refractory to 
the chemotherapy before BMT. They had no abnormal 
serum immunoglobulins, light chains in the urine, or abnor- 
mal plasma cells in the marrow at reporting. Four patients 
had persistent minimal signs of disease (patients 3, 4, 10, and 
14) (Table 1) and one patient relapsed (patient 5). 

The pretransplant bone structure on X-ray was only 
moderately changed posttransplantation. Of the five patients 
without signs of active disease in serum, urine or bone 
marrow post-BMT, three had advanced lytic lesions before 
transplant. After BMT no clear change was observed in one 
of these patients, while two were rated as having only minor 
lytic lesions. In the other two patients no change in the bone 
structure was observed posttransplant (normal bone struc- 
ture and minor bone lesions, respectively). Of the four 
patients with minimal disease, two were rated as having 
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minor bone lesions before BMT. In one of these patients 
there was no change; the other had normal bone structure at 
reporting. Two patients had normal bone structure before 
transplant. In one there is still no change, while one now has 
minor bone lesions. 

Only one patient had severe (grade IV) acute GVHD 
(patient 13). No patient had severe chronic GVHD, and four 
had mild chronic GVHD. 


DISCUSSION 


This report shows that bone marrow transplantation can 
be successful in patients with multiple myeloma. Five of 14 
patients are well without signs of active disease 9 to 34 
months posttransplantation. Four other patients are well 
with only minimal changes in either serum Ig, urinary light 
chains, or bone marrow plasma cells, indicating persistent 
disease. Although the observation time is short (median 12 
months for surviving patients), only three patients have 
relapsed. The nature of minimal persistent disease is uncer- 
tain, and these patients may well relapse later. In fact, 
patient 5 had signs of persistent disease for some months 
before relapse at 11 months post-BMT. On the other hand, 
the four patients with persistent minimal disease at reporting 
have now survived for 6, 8, 12, and 13'4 months without 
progressing. It is possible that these minimal changes may 
disappear, perhaps due to a graft-versus-myeloma effect as 
previously described for acute leukemia." The significance of 
persistent bone lesions on X-ray is difficult to judge. Three of 
five patients who were well without signs of active disease at 
this report had advanced osteolytic lesions at transplant. 
Although one still has advanced osteolytic lesions and the 
other two minor ones, none has signs of active disease 9 to 12 
months post-BMT. One patient who had minor osteolytic 
lesions unchanged post-transplant has now survived for 34 
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months. Thus, persistent osteolytic lesions may not indicate a 
risk for relapse. 

Side effects of BMT in this material were in general not 
different from those described previously.’ It is of interest to 
note, however, that only one patient had severe acute GVHD 
(T cell-depleted) and none had severe chronic GVHD. Thus, 
despite the relatively advanced age of the patients, GVHD 
was a minor problem. 

The optimal time for transplantation of patients with 
multiple myeloma canno: be judged from the present report. 
However, it seems reasonable to transplant patients with an 
HLA-compatible sibling donor if the prognosis is poor with 
current chemotherapy. Recently some prognostic factors 
have been delineated,’ ie, patients with a rapid response to 
treatment, with IgD myeloma, and with a high thymidine- 
incorporation labeling index appear to have a relatively poor 
prognosis. These patients could perhaps be transplanted at 
an early stage of the disease. Also, since two out of five 
patients considered refractory to chemotherapy were without 
signs of active disease 9 and 34 months post-BMT, patients 
that are resistant to first-line treatment may well be success- 
fully transplanted before second-line treatment is instituted. 


APPENDIX 


This study was based on reports from the following centers within 
the European Cooperative Group for Bone Marrow Transplantation 
(EBMT): Huddinge Hospital, Huddinge, Sweden (G. Gahrton, O. 
Ringdén, B. Lénnqvist, and P. Ljungman), University Hospital, 
Bologna, Italy (S. Tura), Hospital Jean-Minjoz, Besancon, France 
(M. Fiesch), Cromwell Hospital, London, UK (P.J. Gravett and D. 
Guéret-Wardle), Pesaro Hospital, Pesaro, Haly {G. Lucarelli), 
University Hospital, Grenoble, France (M. Michallet, B. Corront, 
and D. Hollard) University Hospital, Pessac, France (J. Reiffers, G. 
Marit, and B. David) Hospital S Martin, Genova, Italy (M.T. van 
Lint), and University Hospital, Creteil, France (J.P. Vernant). 
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Monocyte Adhesion to Subendothelial Components 


By John W. Tobias, Murray M. Bern, Peter A. Netland, and Bruce R. Zetter 


Human monocytes have been shown to penetrate the 
endothelial layer of large blood vessels and to adhere to the 
subendothelial basement membrane. To determine the 
active components of this process, we have studied the 
ability of monocytes to adhere to isolated components of 
the subendothelial matrix. Using a quantitative dot-blot 
adhesion assay, we find that monocytes adhere preferen- 
tially to immobilized laminin and elastin. The monocytes 
adhere less well to fibronectin and bind poorly or not at all 
to collagen types | and IV, or to heparan sulfate. Monocyte 
binding to elastin requires an intact, crosslinked molecule 
as no binding was observed to soluble, acid-alcohol elastin 


T HAS RECENTLY BEEN demonstrated that blood- 
borne mononuclear cells can penetrate the vascular 
endothelium in large blood vessels and adhere to the suben- 
dothelial basal lamina.'? It has been suggested that these 
monocytes are the precursors of the lipid-laden foam cells 
associated with atherosclerotic lesions.*° Monocyte-derived 
growth factors may also mediate the smooth muscle cell 
migration and proliferation that is an early step in the 
pathogenesis of atherosclerosis.°’ 

The molecules that mediate monocyte adhesion to the 
subendothelial extracellular matrix have not yet been deter- 
mined. It is possible that there are multiple determinants in 
the extracellular matrix (ECM) to which monocytes can 
adhere. To explore this question, we have tested several 
known components of the vascular ECM for their ability to 
bind monocytes. Our results demonstrate that monocytes 
and related leukocyte cell lines adhere preferentially to 
laminin and elastin. The cells adhere less well to fibronectin 
and do not bind appreciably to other matrix components. 


MATERIALS AND METHODS 


Isolation of human peripheral blood monocytes. Whole blood 
from a fasting donor was collected in Vacutainer tubes (Becton 
Dickinson, Rutherford, NJ) containing 0.1 mL of 15% ethylene- 
diaminetetraacetic acid. One mL of 6.0% Dextran T500 (Pharmacia 
Fine Chemicals, Piscataway, NJ) in Ca++- and Mg+ +-free 
phosphate buffered saline (PBS, GIBCO, Grand Island, NY) was 
added to every 9 mL of whole blood. After the erythrocytes had been 
allowed to settle for 35 to 45 minutes at room temperature, the 
leukocyte-rich plasma was removed and layered in 6-mL aliquots 
over 3 mL of Nycodenz (Accurate Chemical & Scientific, West- 
bury, NY) adjusted with 1.02% NaCl to a final density of 1.067 
g/mL and an osmolarity of 330 mosmol/L according to the method 
of Béyum.® After centrifugation at 2,000 x g for 15 minutes, the 
interface and the upper 1 mL of the bottom layer were collected. 
Approximately 2 x 10° mononuclear white blood cells were obtained 
per mL of whole blood. The collected cells were shown to be >92% 
monocytes by the criteria of morphology and nonspecific esterase 
activity.” In some experiments, erythrocytes were collected from the 
same blood samples. 

Other leukocyte cell lines. 937 cells, a human lymphoma- 
derived cell line with monocytelike properties'® and HL60, a human 
promyelocytic cell line'''* were generously provided by Dr Michael 
Bevilacqua, Brigham and Women’s Hospital, Boston, MA. Both cell 
lines were grown in suspension culture in RPMI 1640 medium 
supplemented with 10% fetal calf serum (GIBCO). 
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extracts, to pepsin or elastase digests of elastin, to tropo- 
elastin monomer, or to desmosine/isodesmosine cross- 
links. Similar binding profiles to elastin, laminin, and fibron- 
ectin were seen with the established human leukocyte cell 
line U937. The promyelocytic cell line HL6O adhered equally 
well to laminin but showed slightly reduced adhesion to 
elastin when compared with the fresh monocytes or U937 
cells. Freshly isolated human erythrocytes did not demon- 
strate significant adhesion to fibronectin, laminin, or elas- 
tin. 

© 1987 by Grune & Stratton, inc. 


Cellular radiolabeling. Cells were suspended at a concentration 
of 2 x 10° cells/mL in PBS containing 0.5% bovine serum albumin 
(Boehringer Mannheim, Indianapolis, IN) and 200 wCi/mL sodium 
‘chromate (Dupont-New England Nuclear, Boston, MA). The 
suspension was incubated for one hour at 37°C with occasional 
stirring. The suspension was then brought to a volume of 10 mL in 
Ca++- and Mg++-free PBS and centrifuged at 800 x g for 10 
minutes. The pellet was washed twice in 10 mL PBS and brought to 
a final concentration of 2 x 10° cells/mL in HEPES-buffered 
Medium 199 (GIBCO) and an aliquot was counted in a Beckman 
(Irvine, CA) 5500 gamma counter. The labeled cells had an average 
activity of 0.09 to 0.16 dpm/cell. 

Adhesion assay. The cell adhesion assay employed in these 
studies was performed as previously described." Briefly, adhesion 
molecules were adsorbed under vacuum to 4-mm dots on Zeta-Probe 
nylon membranes (Bio-Rad, Richmond, CA) in a Schleicher and 
Schuell (Keene, NH) “Minifold” apparatus. The nylon membrane 
was removed from the Minifold and cut into squares containing four 
dots per square. These squares were then placed into individual wells 
of a Costar 12-well culture dish (Bellco Glassware, Vineland, NJ} 
and incubated at 37°C for 18 hours in PBS containing 0.5% bovine 
hemoglobin (Sigma, St Louis} to block sites on the membrane not 
occupied by the test molecule. The membranes were then washed 
twice with hemoglobin-free PBS and once with Medium H-199. 
Each well then received 2 mL of serum-free medium H-199 contain» 
ing 2 x 10° cells/mL. They were then incubated for 25 minutes at 
37°C on a rotary shaker rotating at 50 rpm (American Rotator V. 
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American Scientific Products, Miami, FL). After the incubation, 
the membranes were washed twice gently in 4°C PBS to remove 
unbound monocytes and then fixed in 1.0% glutaraldehyde (East- 
man, Rochester, NY) for 30 minutes at room temperature. The 
membranes were finally rinsed twice in PBS and dried overnight in a 
vacuum desiccator. Binding of the monocytes was visualized by 
exposing the membranes to Kodak XAR-5 X-ray film for two to 
three days at — 20°C (Fig 1B). Binding was quantified by punching 
out the individual dots and counting the associated radioactivity. 

Reagents. Mouse lung elastin was purified in our laboratory 
according to the method of Barnard et al. Bovine aortic elastin, 
purified according to the Starcher method'’ was obtained from 
Elastin Products Company (EPC, Pacific, MO). Amino acid analy- 
sis of the elastin preparations, performed by Dr David Ander, 
Harvard Microchemistry Facility, Cambridge, MA,” yielded pro- 
files consistent with that of purified elastin according to the criteria 
of Soskel and Sandberg.'* Alpha, kappa and kappa-2 elastin hydro- 
lysates as well as desmosine/isodesmosine were from EPC. Tropo- 
elastin monomer was purified from neonatal rat aortic arch smooth 
muscle cells according to the method of Sandberg as modified by 
Chipman et al.” Collagen types I and IV were generously provided 
by Dr Helene Sage, University of Washington, Seattle, WA. Sam- 
ples of laminin and fibronectin were gifts of Dr Donald Ingber, 
Children’s Hospital, Boston, MA. Chondroitin sulfate was from 
Sigma. Heparan sulfate was from Diosynth, Chicago, IL 


RESULTS 


Isolated components of the subendothelial extracellular 
matrix were adsorbed to 4-mm dots of nylon-based mem- 
brane and tested for their ability to mediate monocyte 
attachment. When blocked with BSA or hemoglobin, the 
membrane itself had no significant monocyte binding activi- 
ty. Monocytes did, however, adhere to elastin or laminin that 
had been adsorbed onto the nylon membranes (Fig 1). The 
binding to each of the two molecules was dose-dependent and 
did not saturate at doses below 100 ug/dot. Fewer monocytes 
bound to membranes containing 75 ug/dot fibronectin than 
to equivalent doses of laminin or elastin. Other ECM compo- 
nents were tested for their ability to mediate monocyte 
adhesion. No adhesion activity was seen with heparan sul- 
fate, chondroitin sulfate, or with collagen types I or IV (Fig 
2). Control experiments with *H-elastin, laminin, and fibro- 
nectin that had been labeled by reductive methylation with 
sodium borohydride” revealed no significant difference in 
the binding of any of these factors to the nylon membrane 
(not shown). In each case, greater than 90% of the molecules 
bound at all doses below 100 ug/dot. Above this concentra- 
tion, the membranes became saturated and binding was 
variable. 
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Fig2. Comparative binding of human peripheral monocytes to 
extracellular matrix components. Seventy-five ug of each mole- 
cule was adsorbed to 4-mm dots on nylon membranes and the 
membranes were then incubated with radiolabeled monocytes. 
Data are expressed as the percent binding relative to elastin 
(mean = SD, N = 4). 






In situ, elastin exists as a hydrophobic, highly crosslinked, 
insoluble molecule.*!” To determine whether the structure 
of mature crosslinked elastin was required for its adhesive 
properties, we tested several preparations of solubilized 
elastin for their adhesive potential. No significant activity 
was observed with hydrolysates of elastin that had been 
prepared by incubating bovine aortic elastin with pepsin or 
with pancreatic elastase or by treatment with acid to make 
alpha elastin” or with alkali to make kappa or kappa-2 
elastin.’ Monocytes also failed to adhere to tropoelastin 
monomer isolated from newborn rat aortic arches. Finally, 
no adhesion was observed to desmosine/isodesmosine, a 
synthetic preparation of the crosslinking region specific to 
elastin. Together, these results suggest that the adhesive 
activity of the mature elastin molecule is dependent on an 
intact cross-linked molecule and cannot be duplicated by 
tropoelastin or by hydrolytic fragments of the parent mole- 
cule. 

Two established human cell lines were also tested for their 
ability to bind to extracellular matrix components: U937 
cells originally derived from a diffuse histiocytic lymphoma" 


Fig 1. (A) Dose response of monocyte 
binding to laminin and elastin. Elastin and 
laminin were adsorbed at the indicated con- 
centrations to 4-mm dots on nylon mem- 
branes. After incubation with radiolabeled 
cells, the number of adherent cells was 
measured as a function of the radioactivity 
associated with each dot. Data points rep- 
resent the mean of four separate determi- 
nations. (B) Autoradiography of dots with 
adherent monocytes. 


MONOCYTE ADHESION TO MATRIX MOLECULES 


and the promyelocyte cell line HL60.'''* The monocytelike 
U937 cells have a binding affinity nearly identical to that of 
the freshly isolated monocytes with maximal binding to 
elastin followed by laminin and fibronectin (Fig 3). The 
HL60 cells also bound to these three molecules showing 
slightly greater adhesiveness to fibronectin and slightly 
reduced adhesiveness to elastin when compared with the 
freshly isolated monocytes or the U937 cells. Human eryth- 
rocytes, in contrast, failed to show significant binding to 
elastin, laminin, or fibronectin. 


DISCUSSION 


Components of the vascular extracellular matrix have 
been shown to be adhesion molecules for a variety of cell 
types.™®” Because of recent interest in the adhesion of 
monocytes to the subendothelial vascular basement mem- 
brane,’ we attempted to elucidate the nature of the cell 
adhesion molecules in the vessel wall that mediate monocyte 
adhesion. Our results demonstrate that freshly isolated 
human peripheral blood monocytes adhere strongly to lam- 
inin and elastin. Fibronectin was a less effective monocyte 
adhesin, and neither heparan sulfate, nor collagen types I 
and IV had appreciable activity. An established human cell 
line with monocytelike properties (U937) and a human 
promyelocytic cell line (HL60) had similar adhesive specifi- 
cities, whereas human erythrocytes failed to bind markedly 
to either elastin, laminin, or fibronectin. 

It has been shown previously that mononuclear cells 
interact with elastin. Monocytes release a proteolytic enzyme 
that has potent elastolytic activity.” Furthermore, the 
elastin fragments produced by proteolytic cleavage of mature 
elastin have chemotactic activity for monocytes.” It has been 
postulated that these activities allow monocytes to invade 
and migrate across the elastic components of blood vessels in 
the process of inflammatory extravasation. To these interac- 
tions we now add a third, the adhesion of monocytes to intact 
elastin. 

Monocytes bind to elastin in a dose-dependent fashion. No 
adhesive activity is associated with soluble noncrosslinked 
tropoelastin monomer or with fragments of elastin produced 
by protease digestion or by extraction in acid or alkali even 
though such fragments have ample chemotactic activity.” 
The mechanism by which monocytes adhere to mature 
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Fig 3. Comparative binding of human peripheral monocytes, 
U937 cells, HL60 cells, and erythrocytes to elastin, laminin, and 
fibronectin. Radiolabeled monocytes, U937 celis, HL60 cells, and 
human erythrocytes were incubated for 25 minutes at 37°C with 
nylon membranes containing 75 ug/dot elastin, laminin, or fibro- 
nectin. Background binding to untreated membranes was sub- 
tracted for each celi type. Data represent the number of cells 
bound per 4-mm dot (mean + SD, n = 4). 


crosslinked elastin but not to elastin fragments or elastin 
monomer is not yet known. 

Monocyte adhesion to the subendothelial basal lamina has 
been proposed to play a role in the pathogenesis of athero- 
sclerosis.'” These monocytes may be precursors of the lipid- 
laden foam cells characteristic of atherosclerotic lesions. ^ 
Both elastin and laminin are major components of this basal 
lamina and are well situated to mediate monocyte attach- 
ment. Laminin has also been shown to be chemotactic for 
tumor cells,” but its ability to mediate monocyte motility has 
not yet been determined. One question that remains to be 
answered is why the monocytes do not penetrate farther into 
the vascular wall, since they release enzymes that degrade 
basement membrane components and can migrate in 
response to those degradation products. Further studies on 
the regulation of adhesion, proteolytic enzyme production, 
and cell motility should provide new insights into monocyte 
participation in vascular disease processes. 


ACKNOWLEDGMENT 


We thank Dr Michael Bevilacqua, Brigham and Women’s Hospi- 
tal, Boston, MA for providing the human monocytelike cell lines and 
Dr Stuart Chipman, Children’s Hospital, Boston, MA for advice and 
assistance in the preparation of tropoelastin monomer. 


REFERENCES 


1. Harlan JM: Leukocyte—endothelial interactions. Blood 65:513, 
1985 

2. Ross R: The pathogenesis of atherosclerosis. N Engi J Med 
314:488, 1986 

3. Joris 1, Zand T, Nunnari JJ, Krolikowski FJ, Majno G: Studies 
on the pathogenesis of artherosclerosis: |. Adhesion and emigration 
of mononuclear cells in the aorta of hypercholesterolemic rats. Am J 
Pathol 113:341, 1983 

4. Fowler S, Shil H, Haley NJ: Characterization of lipid-laden 
aortic cells from cholesterol-fed rabbits: IV, Investigation of macro- 
phage-like properties of aortic cell populations. Lab Invest 41:372, 
1979 

5. Klurfield DM: Identification of foam cells in human athero- 
sclerotic lesions as macrophages using monoclonal antibodies. Arch 
Pathol Lab Med 109:445, 1985 


6. Shimokado K, Raines FW, Madtes DK, Barrett TB. Benditt 
EB, Ross R: A significant part of macrophage-derived growth factor 
consists of at least two forms of PDGF. Cell 43:277, 1985 

7, Martinet Y, Bitterman PB. Mornex JF, Grotendorst GB, 
Martin GR, Crystal RG: Activated human monocytes express the 
c-sis proto-oncogene and release a mediator showing PDGF-like 
activity. Nature 316:158, 1986 

8. Bøyum A: Isolation of human blood monocytes with Nyco- 
denz, a new non-ionic iodinated gradient medium. Scand J Immunol 
17:429, 1983 

9. Yam LT, Li CY, Crosby WH: Cytochemical identification of 
monocytes and granulocytes. Am J Clin Pathol 5:283, 1971 

10. Sundstrom C, Nilsson K: Establishment of a human histio- 
cytic lymphoma cell line (U937). Int J Cancer 17:565, 1976 

1. Collins SJ, Gallo RC, Gallagher RE: Continuous growth and 


1268 


differentiation of human myeloid leukemia cells in suspension 
culture. Nature (London) 270:347, 1977 

12. Ferrero D, Rovero G: Human leukemic cell lines. Clin 
Haematol 13:461, 1984 

13. Rovero G, Santoli D, Damsky C: Human promyelocytic 
leukemia cells in culture differentiate into macrophage-like cells 
when treated with a phorbol diester. Proc Natl Acad Sci USA 
76:2774, 1979 

14, Ferrero D, Pessano S, Pagiardi GL, Rovera G: Induction of 
differentiation of human myeloid leukemias: Surface changes 
probed with monoclonal antibodies. Blood 61:171, 1983 

15. Netland PA, Zetter BR: Melanoma cell adhesion to defined 
extracellular matrix components. Biochem Biophys Res Commun 
139:515, 1986 

16. Barnard K, Partridge SM, Whiting AH, Fant! V, McCullagh 
KG: Immunological studies with human aortic elastin. Connect 
Tissue Res 9:233, 1982 

17. Starcher BC, Gallione MJ: Purification and comparison of 
elastins from different animal species. Anal Biochem 74:441, 1976 

18. Soskel NT, Sandberg SB: A comparison of six methods of 
extracting elastin residue from hamster lungs. Exp Lung Res 4:109, 
1983 

19. Chipman SD, Faris B, Barone LM, Pratt CA, Franzblau C; 
Processing of soluble elastin in cultured neonatal rat smooth muscle 
cells. J Biol Chem 260:12780, 1985 

20. Stone PJ, Crombie G, Franzblau C: The use of tritiated 
elastin for the determination of subnanogram amounts of elastase. 
Anal Biochem 80:572, 1977 

21. Franzblau C, Faris B: Elastin, in Hay, E (ed): Cell Biology of 
the Extracellular Matrix. New York, Plenum, 1981, p 65 


TOBIAS ET AL 


22. Gosline JM, Rosenbloom J: Elastin, in Piez, KA, Reddi, AH 
(eds): Extracellular Matr:x Biochemistry, New York, Elsevier, 
1984, p 191 

23. Partridge SM, Davis HF, Adair GS: The chemistry of 
connective tissues: 2. Soluble proteins derived from partial hydroly- 
sis of elastin. Biochem J 61:11, 1955 

24. Mecham RP, Lange G: Immunological studies with human 
aortic elastin. Connect Tissue Res 9:233, 1982 

25. Starcher BC, Galione MJ: A large scale procedure for 
purification of desmosine and isodesmosine. Prep Biochem 5:455, 
1975 

26. Timpl R, Fujiwara S, Dziadek M, Aumailley M, Weber S, 
Engel J: Laminin, proteoglycan, nidogen and collagen IY: Structural 
models. CIBA Found Symp 108:25, 1984 

27. Ruoslahti E, Hayman EG, Pierschbacher MD: Extracellular 
matrices and cell adhesion. Arteriosclerasis 5:581, 1985 

28. Fuks A, Zucker-Franklin D, Franklin FC: Identification of 
elastases associated with purified plasma membranes isolated from 
human monocytes and lymphocytes. Biochim Biophys Acta 255:195, 
1983 

29. Senior RM, Camptell EJ, Landis JA, Cox FR, Kuhn C, 
Koren HS: Elastase of U-937 monocytelike cells: Comparisons with 
elastases derived from human monocytes and neutrophils and 
murine macrophagelike celis. J Clin Invest 69:384, 1982 

30. Senior RM, Griffin GL, Mecham RP: Chemotactic activity 
of elastin-derived peptides. J Clin Inves: 66:859, 1980 

31. Terranova VP, Liotta LA, Russo RG, Martin GR: Rele of 
laminin in the attachment and metastasis of murine tumor cells. 
Cancer Res 42:2265, 1982 





CORRESPONDENCE 





IMMUNE LYMPHOCYTE SURVIVAL AFTER CHEMOTHERAPY AND RADIATION 


To the Editor: 


This letter is in reply to a concise report recently published in 
Blood.‘ We would like to add our own evidence that immune 
lymphocytes survive after high-dose cyclophosphamide (60 mg/kg) 
body weight/day x 2 days), arabinosyl cytosine (3 g/m’ body 
surface x 2, 12 hours apart), and total body irradiation (1,200 rad in 
3 days). We analyzed the phenotype of ceils removed by lymphocy- 
tapheresis in five patients just prior to infusion of donor marrow and 
found 55% T3*, 45% T4*, 22% T8*, 27% T10*, 17% Leu 11*, 26% 
M1*, and 4% M3* cells (mean values). To test the functional ability 
of these cells, we stimulated them with phytohemagglutinin and 
Daudi cells for 48 hours and then assayed for interleukin-2 (IL 2) 
activity. These cells, after high-dose chemotherapy and irradiation, 
produced 1.5 times the amount of IL 2 generated by untreated, 
normal lymphocytes in the same way. Similarly, we noted high IL 2 
activity in lymphocytes of patients with head and neck cancer after 
irradiation. 

Malkovsky and Medawar’ propose that IL 2 is the determining 


factor in whether tolerance or T cell reactivity follows an immuno- 
logical encounter. Antigen exposure in the absence of IL 2 results in 
tolerance. Our experience is in agreement with this. In 14 patients 
who were lymphocytapheresed just prior to donor marrow infusion 
(after pretransplant conditioning), graft v host disease (GVHD) 
developed in only 2 (14%) and a mild generalized maculopapular 
rash developed in only |. Furthermore, if the natural killer (NK) 
cells we found in the host are functional and their activity is 
enhanced by IL 2 as suggested by Domzig and co-workers,’ theoreti 
cally they could be responsible for the graft rejection that occurs in 
some patients. 


ANDREW T. HUANG 
ROBERT F. HUNTER 
PATRICIA A. ROTH 

NELDA G. MOLD 
Department of Medicine 

Duke University Medical Center 
Durham, NC 
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DR H. DUBOIS-FERRIERE—DINU LIPATTI RESEARCH FELLOWSHIP IN HEMATOLOGY 


The Dr H. Dubois-Ferriére—Dinu Lipatti Foundation offers a research fellowship to a medical graduate with at least two 
years’ experience in research. The recipient of the fellowship will have the opportunity to spend two or three years working on a 
hematology research program in Geneva. The annual stipend ranges from US $30,000 to $35,000. 


For further information, contact: Fondation Dr H. Dubois-Ferriére—Dinu Lipatti, case postale 225, CH-1227 Carouge- 


Genéve, Switzerland. 








TENTH INTERNATIONAL CONGRESS OF PHARMACOLOGY 


August 23-28, 1987 
Sydney, Australia 


For further information, contact: the Secretariat, Tenth IUPHAR Congress, GPO Box 2609, Sydney, NSW, Australia. 
Telephone: (+61) (02) 241 1478. Telex: AA 74845 CONSEC. Cables: CONVENTION Sydney. Further information may 


also be obtained through your national pharmacology society. 
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SECOND INTERNATIONAL CONFERENCE ON THALASSEMIA AND THE HEMOGLOBINOPATHIES 


October 21-24, 1987 
Herakleion, Crete, Greece 


The Conference aims to unite the Third Mediterranean Meeting on Thalassemia and the respective meetings of the 
AMEDETH (Association Mediterraneenne pour l'etude, le depistage et le traitement des hemoglobinoses) and the Club de 
Vhemoglobine in an effort to avoid repetition, upgrade the level of presentations, promote collaboration, and save time and 
expenses. The scientific program will include lectures, round table discussions, and poster sessions covering the field of 
thalassemia, namely its molecular biology, therapeutic modalities, and evaluation, as well as prevention and social aspects. The 
Conference will be preceded by a training seminar. Crete is an ideal place for the Conference at this time of the year: the 
weather is pleasant and warm and the island is full of natural beauty and archaeological sites of utmost interest. 


For further information, please write to the 2nd International Conference on Thalassemia and the Hemoglobinopathies, 
Secretariat, First Department of Medicine, University of Athens, PO Box 14 173, 115 10 Athens, Greece. 





NATIONAL BLOOD CLUB 
IRON METABOLISM: NEW INSIGHTS THROUGH MOLECULAR BIOLOGY 


Saturday, May 2, 1987 8:00-10:30 PM 
California Room, Conference Center, Town and Country Hotel, San Diego, CA 


“Ferritin Genes” 
Richard Klausner, MD, National Institutes of Health 
“Ribonucleotide Reductase” 
David Martin, PhD, Genentech, Inc 
“The Atransferrinemic Mouse” 
Jerry Kaplan, PhD, University of Utah 


Everyone is welcome to attend. 

Supported in part by Abbott Laboratories, Cutter Biological Division of Miles Laboratories, Eli Lilly & Co, Lederle 
Laboratories, LKB Diagnostics, Inc, Merck Sharp & Dohme Research Laboratories, Pfizer Pharmaceuticals, Travenol 
Laboratories, Inc, and The Upjohn Company. 





FOURTH INTERNATIONAL WORKSHOP AND CONFERENCE ON 
HUMAN LEUKOCYTE DIFFERENTIATION ANTIGENS 


1989 
Vienna 


The aim of this workshop series is to exchange antihuman leukocyte monoclonal antibodies among laboratories, to 
characterize and compare the nature of the antigens identified, to analyze the data centrally, and to publish the results jointly. 
The preparations for the wet workshop part, which will be followed by a joint conference in Vienna, are now beginning. The 
workshop will be organized into six sections: T cells, B cells, NK cells, myeloid cells, platelet antigens, and activation 
antigens. 


Those who are interested in submitting monoclonal antibodies and/or receiving certain antibodies for in-depth evaluation 
are requested to write at their earliest convenience to: Fourth International Workshop on Human Leukocyte Differentiation 
Antigens, Attn. W. Knapp, Institute of Immunology, University of Vienna, Borschkegasse 8a, A-1090 Vienna, Austria. 
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AN OPEN INTERNATIONAL DISCUSSION SYMPOSIUM 
“NEWER STRATEGIES IN THE MANAGEMENT OF THROMBOTIC DISORDERS” 


November 12-14, 1987 
Loyola University Medical Center, Maywood, IL 


DISCUSSANTS (PROPOSED) 


N. Bang, Indianapolis, IN V. Gurewich, Boston, MA 

K. Breddin, Frankfurt, W Germany F. Leja, Chicago, IL 

G.V.R. Born, London, England V.J. Kakkar, London, England 
J.P. Caen, Paris, France E.F. Mammen, Detroit, MI 

J. Caprini, Chicago, IL H.L. Messmore, Chicago, IL 
J. Choay, Paris, France J. O’Brien, Portsmouth, UK 
U. Cornelli, Milan, Italy M. Samama, Paris, France 
J.F. Davidson, Glasgow, UK P. Scanlon, Chicago, IL 

J. Fareed, Chicago, IL J. Tobelem, Paris, France 

M. Gent, Hamilton, Ontario O.N. Ulutin, Istanbul, Turkey 


W.H. Wehrmacher, Chicago, IL 


Topics: heparin and its derivatives; Ticlopidine—newer antiplatelet drugs; T-PA and related thrombolytic agents: 
Defibrotide and related drugs; viscosity modulators; biotechnology-based products; polytherapy of thrombotic disorders; 
mechanical devices; physical devices; and target-specific agents. 


This is an open symposium and all interested individuals are invited to attend. The program will be available in October and 
will be forwarded to those interested via circulars. No registration fee is required from the participants; however, the 
registration is limited to the first 200. For further information, contact: Dr J. Fareed, Loyola University Medical Center, 2160 
S First Ave, Maywood, IL 60153. Telephone: (312) 531-3256. 








INTERNATIONAL SOCIETY OF HEMATOLOGY 
SIXTH INTERNATIONAL CONGRESS OF THE ASIA-PACIFIC DIVISION 


December 6-10, 1987 


Extensive arrangements are being made by the Host Committee for a special package combining the business meetings and a 
short escorted tour for ASH members and their families. A brochure including details of the program, the registration form and 
reply card, and additional information has been mailed to all ASH members. Interested persons may register early with no 
obligation. Representatives of companies interested in advertising in the special issue of the brochure or in holding displays at 
the World Congress Booth are encouraged to contact the Program Coordinator. 


For further information or registration, contact: Aloke C. Bagchi, Official Program Coordinator, 610] N Talman Ave, 
Chicago, IL 60659-0577. Telephone (31 2} 465-8337. 











ERRATA 





In the article by Graf and Pesando entitled “Evidence for Chemical Differences in HLA-DR Molecules on Autologous 
Acute Lymphoblastic Leukemia and B-Lymphoblastoid Cell Lines,” which appeared in the January 1987 issue (Volume 69, pp 
7-11), the bottom of Figure 7 is not shown. Figure 7 is reprinted in its entirety below. 





Fig 7. Two-dimensional gel electrophoresis of neuraminidase 
treated HLA-DR molecules from NALM-6 {ALL} and 885 (NML) 
celts. The HLA-DR3-specific MoAb l-2 and the HLA-DR7-specific 
MoAb SFR16-DR7M were used to study both of these cell lines. All 
four samples were compared simultaneously as in Fig 6. 








In the article by Sorette et al entitled “Ektacytometric Measurement of Sickle Cell Deformability as a Continuous Function 
of Oxygen Tension,” which appeared in the January 1987 issue (Volume 69, pp 316-323), the legends for Figures 3-6 were 
transposed and text citations of those Figures were misnumbered. The following two pages show Figures 3-6 with the correct 
legends and text citations. Address requests for corrected reprints to Margaret R. Clark, PhD, Box 0128, Cancer Research 
Institute, University of California, San Francisco, CA 94143. 
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Fig 2. Variation in deformability signal (DI) as a function of 


oxyger tension for a Fraction 2 gradient population. As shown 
here, cell deformability decreased abruptly over a relatively nar- 
row range in pO,, producing a curve that essentially represented 
two intersecting lines. The point of intersection was used to define 
the pO, at which loss of deformability was first detected (pO,). 
Reduction of the pH from 7.4 to 7.2 shifted this critical pO, to 
higher values, reflecting the pH-induced increase in HbS polymeri- 
zation. 


down to a critical pO, level, after which it decreased in 
essentially linear fashion. Thus, the intersection of the two 
linear portions of the curve was used to identify the pO, value 
at which a loss of deformability was first detectable (desig- 
nated pO,’ in Fig 2). In addition, because this value was 
expected to vary with MCHC, we also used the pO, at which 
the DI fell to a value of 0.2 to characterize each curve. The 
data shown in this figure and in Figs 4 through 6 were 
obtained on cell populations collected from the interface 
between the first and second layers of Stractan (Fraction 2). 
Such density-separated cell populations displayed a sharper 
transition in deformability with oxygen tension than whole 
blood, as expected from their greater homogeneity (data not 
shown). It can be seen that these Fraction 2 samples in the 


ar ao me + a DES CEEE E 7 
o i} , f f : 
/ I f l 4 z i E 
Os / a 
f I s z 
BOs / y | 

i, ? 

F r f 
Os } y e T Jaz J __Ja 





pü, mmHg 


Fig 3. DI v pO, curves for Fractions 1 to 4 of Stractan- 
separated sickle celis. As the MCHC of isolated cell populations 
increased, the maximum Di decreased, and a deoxygenation- 
dependent loss in cell deformability occurred at progressively 
higher pO,. See Table | for characteristics of the cell populations. 
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Fig4. Effect of suspending medium viscosity on the DI v pO, 


curve for a Fraction 2 gradient population. A decrease in viscosity 
below 19.5 cp at 37 °C cp (4% PVP concentration) resulted in 
overall reduction in cell deformation and eventual blurring of the 
deoxygenation-dependent loss of cell deformability. (-----) 19.5 ep, 
{-—-) 12.5 ep, (——} 9.5 cp, (+=) 7.5 cp. 


various experiments did not give identical DI y pO, curves. 
Comparison of the oxygen dissociation curves for the samples 
showed that differences in oxygen affinity, presumably due 
to individual patient differences and differences in cell 
storage time, were the major source of variation. 

A series of experiments was performed to determine the 
effect of important experimental variables and to define the 
optimal procedure to obtain reproducible, physiologically 
relevant data. As expected from the characteristics of the 
polymer equilibrium, several factors predictably affected the 
range of oxygen tension over which the cell deformability loss 
occurred. Reduction of the suspending medium pH from 7.4 
to 7.2 caused a parallel shift of the DI v pO, curve to higher 
pO, (Fig 2), consistent with the increased Bohr effect of 
HbS, particularly below an extracellular pH of 7.4, and the 
corresponding enhancement of polymer formation.*” Mast 
of the experiments employed paired deformability and oxy- 











Fig5. Comparison of Div pO, relationship for continuous pO, 
gradient (continuous curve) and for measurements performed at 
fixed pO, values (open circles) over the same range for a Fraction 2 
gradient population. 
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SICKLE CELL DEFORMABILITY AND pO, 


gen saturation measurements at both pH 7.2 and 7.4 to 
permit comparison of the results with those of Noguchi et al’ 
and Noguchi” on polymer content, since those experiments 
were performed at pH 7.2. Some additional experiments 
were performed only at pH 7.4. 

The position of the DI v pO, curve also varied with 
MCHC, as shown by measurements using subpopulations of 
sickle cells isolated on density gradients (Fig 3). Again, the 
shift of the curves to higher pO, with increasing MCHC was 
consistent with the known increase in polymer content with 
increasing MCHC for any given oxygen tension.*”! The DI 
versus pO, curves for unseparated cells (data not shown) 
were always broader than those for the gradient populations, 
reflecting the fact that the heterogeneous mixture of cells 
underwent polymerization and sickling over a broad pO, 
range. 

Another variable that influenced the position of the DI v 
pO, curve was the viscosity of the suspending medium. A 
decrease in extracellular viscosity, achieved by reducing the 
concentration of PVP, resulted in a reduction in the propor- 
tion of deformable cells at progressively higher pO, values. 
For higher MCHC cells there was also a reduction in the 
maximum attainable DI (Fig 4). We attribute this latter 
effect to the requirement for a threshold ratio of extracellular 
to intracellular viscosity to induce red cell deformation.” A 
viscosity of 19.5 cp (4% PVP at 37°C) was chosen for 
subsequent experiments, since this viscosity showed clear-cut 
deformability differences among normal red cells from dif- 
ferent density gradient subpopulations without introducing 
large variations among whole blood samples from different 
normal subjects. It was found that if the viscosity was 
reduced much below 19 cp, a substantial and varying propor- 
tion of cells from normal individuals would not deform, 
leading to a broadening of the range of normal isotonic DI 
values. 

Other experimental variables tested for their effect on the 
deformability-oxygen tension relationship included the 
cation composition of the suspending medium, the flow rate 
of the cell suspension through the gas exchange fibers, and 
the time period between gas exchange and deformability 
measurement. When cells were equilibrated in high-Na, 
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Relationship between the reduction in the Di signal and 
percentage of sickle celis for a Fraction 2 gradient population. 
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Table 1. Characteristics ef Sickie Celi Gradient Subpopulations 








Reticulocytes (%) 
Fraction MCHC (g/dL) (X + SEM) ISC (%) 
1 26.00 + 0.72 10.95 + 1.14 2.12 + 0.29 
2 29.49 + 0.44 7.84 + 1.09 2.95 + 0.48 
3 31.21 + 0.47 5.59 + 0.55 3.82 + 0.46 
4 33.20 + 0.47 4.22 + 0.55 5.95 + 0.60 
5 34.75 + 0.37 2.83 + 0.80 7.58 + 0.93 
6 39.48 + 0.91 1.40 + 0.19 12.59 + 1.08 





low-K medium, the DI-pO, curve was shifted to higher 
oxygen tensions as compared to the curve obtained for cells 
from the same sample that were equilibrated in a medium in 
which the Na and K concentrations were close to their 
intracellular concentrations. This difference was interpreted 
as a reflection of a net leakage of K ions out of sickled cells in 
the high Na medium, resulting in a loss in cell water and a 
concomitant increase in HbS concentration and polymer 
content. Therefore the suffer that minimized transmem- 
brane cation gradients was used for the rest of the experi- 
ments. 

The rate at which the cells were pumped through the-gas 
exchange fibers affected the subsequent deformability of 
even fully oxygenated cells. If the flow rate was high (>4 
mL/min), the maximum cell deformation was decreased. 
We surmise that this was likely the result of shear-induced 
fragmentation occurring as the cells entered or left the fibers. 
Calculation of Reynolds numbers for flow through the fibers 
at these rates indicates that turbulence was probably present, 
increasing the likelihood of cellular fragmentation. The 
delay time for polymer fermation at low HbS concentration 
and at pH 7.4 was expected to be prolonged, particularly at 
higher levels of oxygen saturation.” Therefore, we wanted to 
determine the maximum period for which the cells could be 
equilibrated at 37 °C witnout undergoing damage and alter- 
ation in their deformability properties that could not be 
explained on the basis of HbS polymer formation. Variation 
of the equilibration period from 30 to 90 minutes had no 
significant effect on the DI v pO, curve (data not shown), An 
equilibration period of 3C minutes was chosen for the study. 

We performed experiments in which 10-mL aliquots of 
cell suspension were run through the system while a constant 
pO, was maintained in the gas exchange system (Fig 5). 
Measurement of the DI at various fixed pO, values along the 
gradient range showed that the DI-pO, relationship obtained 
was very Close to the continuous curve obtained using the 
decreasing oxygen gradient (when the continuous curve was 
adjusted for the spatial separation of the oxygen electrode 
and the ektacytometer). Therefore, we conclude that mea- 
surements performed using a decreasing gradient from 76 to 
0 mm Hg oxygen provide accurate information about the 
proportion of sickle cells that can deform after equilibration 
at a given pO, value. 

Examination of cell morphology at various points along 
the pO, gradient allowed us to define the relationship 
between the reduction in the DI signal and the percentage of 
sickle cells in a representative isolated cell population with an 
MCHC of 32 g/dL at pH 7.2 (Fig 6). We observed both 
characteristic elongated cells with spicules, and a larger 
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rified markers are carefully examined 
for specificity using established neo- 
plastic tissue culture lines 


PROCEDURE 
HEMATOLOGY NUMBER 
Fetal Hemoglobin 285 
Giemsa Stain GS-10 
Giemsa Stain 
(Hema-Tek”) 
Iron Stain 
Nitroblue Tetrazolium 
(NBT) Reduction 840 
May-Griinwald MG 
Monoclonal Antibodies MC-1 
Wright Stain (Manual) WS 
Wright Stain 
(Hema-Tek”) 
Wright Stain 
(Hemastainer®) 


MAKING THE VISION 
A REALITY. 


GSHT 
HT-20 


WSHT 


WS-128 


DPS 


The Standard 
The Source 


PO. BOX 14508 
ST. LOUIS, MO 63178 USA 
For orders in the USA/Canada 
call 1-800-325-3010 

and outside the 
USA/Canada call 314-771-5750 collect. 
New Technical Service HOTLINE number 

1-800-325-0250 
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FOR FURTHER INFORMATION 

Congress Secretariat: 

The University of Texas Medical School at Houston 
Office of Continuing Education 

6431 Fannin, MSMB G004, Houston, Texas 77030 


(713) 792-5346 





















ADVERTISEMENT FOR 
HEMATOLOGIST /ONCOLOGIST 


Tke Department of Pediatrics and Human Develop- 
ment at Michigan State University is seeking a Board 
Certified /eligible pediatric hematologist /oncologist. 
This individual will be a fulltime member of the depart- 
ment, and will work directly with the pediatric hema- 
tology/oncology group, made up of two pediatric 
hematologists, a nurse practitioner, a child psycholo- 
gist, social worker and parent volunteers. There is a 
close association with the genetic and cancer research 
program, as well as the immunology section of the 
department. Facilities are available for individual 
research, both clinical and laboratory. 


Contact: Michael L. Netzloff, M.D., 
Professor and Acting Chairman 
Department of Pediatrics and 
Human Development 
College of Human Medicine 
Michigan State University 
East Lansing, Michigan 48824-1317 


AFFIRMATIVE ACTION/EQUAL OPPORTUNITY INSTITUTION 
Pasition #HM-279 








Department of Pathology, University of Flori- 
da, College of Medicine is seeking a Director 
for the Laboratory of Cytogenetics. This is a 
tenure-accruing position at the Assistant Pro- 
fessor level with a salary commensurate with 
experience. Must have a Ph.D. or M.D. degree 
and have a strong background in cytogenetics 
with experience in directing a clinical cytoge- 
netics laboratory. Position will be responsible 
for the interpretation of samples provided pri- 
marily by the Oncology-Hematology services. 
It is expected that the individual engages in 
original or collaborative research activities. 
Ample new laboratory space and facilities are 
available. Applicants should send curriculum 
vitae to Raul C. Braylan, M.D., Professor, 
Department of Pathology, Box J-275, Univer- 
sity of Florida, College of Medicine, Gaines- 
ville, Florida, 32610. Application deadline of 
May 31, 1987 with anticipated start date of 
* July.1, 1987. 
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ASSISTANT MEMBER — 
CELLULAR IMMUNOLOGIST 
THE FRED HUTCHINSON 
CANCER RESEARCH CENTER 


An M.D. or M.D.-PhD. with training in cellular immunology is 
seught to fill a position in the Transplantation Biology 
program at the FHCRC. Qualified candidate will be thor- 
oughly familiar with standard means of laboratory evalua- 
tion of the immune system in human beings as a basis for 
the development of a collaborative research program in 
heman bone marrow transplantation. Independent re- 
search is expected and will be encouraged, and should 
lead to supplemental funding for the applicant’s own 
research activities. The candidate should also have a 
broad based interest in clinical immunology to take advan- 
tage of the extensive inpatient and outpatient material 
available for study in the Center and collaborating institu- 
tions in the city. Opportunities are available to study 
ontogeny and molecular biology of B and T lymphocytes, 
graft-versus-host disease, immunodeficiency diseases, 
erythropoiesis and to develop and clinically evaluate 
modifiers of the immune response. Laboratory space, 
shared facilities and start-up equipment and supply funds 
will be available through Center resources. Salary will be 
determined by Center guidelines for an assistant member. 
The FHCRC is an equal opportunity/affirmative action 
employer. Send Resume to: Transplantation Biology Pro- 
gram, Search Committee, Fred Hutchinson Cancer 
Research Center, 1124 Columbia St., M318, Seattle, WA 
98104. 
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Immune Globulin Intravenous (Human) 
GAMMAGARD® 


DESCRIPTION 

Immune Globulin Intravenous (Human), 
GAMMAGARD® * is a sterile, dried, highly purified 
preparation of immunoglobulin which is derived from 
the cold ethanol fractionation process and is fur- 
ther purified using ultrafiltration and ion exchange 
adsorption. When reconstituted with the appropriate 
volume of diluent, this preparation contains approx- 
imately 50 mg of protein per mL, of which at least 
90% is gamma globulin. The reconstituted product 
contains approximately 1% sodium chloride, not 
more than 20 mg/mL glucose, not more than 
0.2 g/dL PEG, and 0.3M glycine as a stabilizing 
agent. It has a pH of 680.4. 

The manufacturing process for Immune Globulin 
Intravenous (Human), GAMMAGARD, isolates 
gamma globulin without additional chemical or 
enzymatic modification and the Fc portion is main- 
tained intact. Immune Globulin Intravenous (Human), 
GAMMAGARD contains all the immunoglobulin G 
antibody activities which are present in the donor 
population. On the average, the distribution of IgG 
subclasses present in this product is the same as 
is present in normal plasma’ immune Globulin Intra- 
venous (Human), GAMMAGARD contains only trace 
amounts of IgM and IgA. 

Immune Globulin Intravenous 
GAMMAGARD contains no preservative. 

This product has been prepared from large pools 
of human plasma which was taken only from plasma 
units found to have normal levels of alanine amino- 
transferase (ALT). Each unit of plasma used in the 
manufacture of this product has been found to be 
nonreactive for HBsAg and HTLV-II antibody by 
FDA approved tests. 


CLINICAL PHARMACOLOGY 

Immune Globulin Intravenous (Human), 
GAMMAGARD contains a broad spectrum of IgG 
antibodies against bacterial and viral agents that 
are capable of opsonization and neutralization of 
microbes and toxins. 

Peak levels of IgG are reached immediately after 
infusion of Immune Globulin Intravenous (Human), 
GAMMAGARD. It has been shown that IgG is 
distributed relatively rapidly between plasma and 
extravascular fluid until approximately half of the 
total body pool is partitioned in the extravascular 
space. A rapid initial drop in serum levels is, 
therefore, to be expected.2 

As a class, IgG survives longer in vivo than other 
serum proteins.2.3 Studies show that the half-life of 
Immune Globulin Intravenous (Human), 
GAMMAGARD is approximately 24 days. These find- 
ings are consistent with reports of a 21 to 25 day 
half-life for IgG.2.3,4 The half-life of IgG can vary 
considerably from person to person, however. in 
particular, high concentrations of IgG and hyper- 
metabolism associated with fever and infection have 
been seen to coincide with a shortened haif-life of 
(gG.2,3,4,5 


INDICATIONS AND USAGE 


Antibody Deficiency 

Immune Globulin Intravenous (Human), 
GAMMAGARD is efficacious in the treatment of 
primary immunodeficient states in which severe 
impairment of antibody forming capacity has 


(Human), 


been shown, such as: congenital agammagiobu- 
linemias, common variable immunodeficiency, 
Wiskott-Aldrich syndrome, and severe combined 
immunodeficiencies.4.5 

Immune Globulin intravenous (Human), 
GAMMAGARD is especially useful when high levels 
or rapid elevation of circulating gamma globulins 
are desired or when intramuscular injections are 
contraindicated. 


CONTRAINDICATIONS 
None known. 


WARNINGS 

Immune Globulin intravenous (Human), 
GAMMAGARD should only be administered intra- 
venously. Other routes of administration have not 
been evaluated. 

Immune Globulin Intravenous (Human), 
GAMMAGARD contains very low quantities of IgA 
(not more than 10 g/mL) and although no instances 
of anaphylaxis associated with the use of this pro- 
duct have been observed during the clinical trials, 
such reactions have been observed with other im- 
munoglobulin products.5:© immune Globulin 
Intravenous (Human), GAMMAGARD should be given 
with caution to patients with antibodies to IgA or 
selective IgA deficiencies. 


PRECAUTIONS 


Drug Interaction 

Admixtures of Immune Globulin Intravenous 
(Human), GAMMAGARD with other drugs have not 
been evaluated. it is recommended that Immune 
Globulin Intravenous (Human), GAMMAGARD be ad- 
ministered separately from other drugs or medica- 
tion which the patient may be receiving. 


Pregnancy Category C 

Anirnal reproduction studies have not been con- 
ducted with Immune Globulin intravenous (Human), 
GAMMAGARD. It is also not known whether immune 
Globulin Intravenous (Human), GAMMAGARD can 
cause fetal harm when administered to a pregnant 
woman or can affect reproduction capacity. Immune 
Globulin Intravenous (Human), GAMMAGARD should 
be given to a pregnant woman only if clearly needed. 


ADVERSE REACTIONS 

The incidence of untoward reactions to Immune 
Globulin Intravenous (Human), GAMMAGARD is low, 
although various minor reactions, such as head- 
ache, fatigue, chills, backache, lightheadedness, fever 
and nausea may occasionally occur. The incidence 
of these reactions during the clinical trials was less 
than 6%. Slowing or stopping the infusion usually 
allows the symptoms to disappear promptly. 

Immediate anaphylactic and hypersensitivity re- 
actions due to previous sensitization, although they 
have not been observed during the clinical trials, are 
a possibility. Epinephrine should be available for treat- 
ment of any acute anaphylactoid reaction. (See 
WARNINGS.) 


DOSAGE AND ADMINISTRATION 


Antibody Deficiency 

For patients with primary immunodeficiencies, 
monthly doses of at least 100 mg/kg are recom- 
mended. Initially, patients may receive 200-400 
mg/kg. As there are significant differences in the 
half-life of IgG among patients with primary im- 
munodeficiencies, the frequency and amount of im- 
munoglobulin therapy may vary from patient to 
patient. The proper amount can be determined by 


monitoring clinical response and/or the serum IgG 
levels before each dose, to insure that they do not 
drop below 500 mg/dL. 


Rate of Administration 

It is recommended that initially a rate of 0.5 mL/kg 
per Hr be used. If infusion at this rate causes the 
patient no distress, the administration rate may be 
gradually increased but should not exceed 4 mL/kg 
per Hr. 

A rate of administration which is too rapid may 
cause flushing and changes in pulse rate and blood 
pressure. Slowing or stopping the infusion usually 
allows the symptoms to disappear promptly. 


Administration 

Immune Globulin Intravenous (Human), 
GAMMAGARD should be administered as soon after 
reconstitution as possible. Administration should not 
begin more than 2 hours after reconstitution. 

The reconstituted material should be at room 
temperature during administration. 

Parenteral drug products should be inspected 
visually for particulate matter and discoloration prior 
to administration, whenever solution and container 
permit. 

Follow directions for use which accompany the ad- 
ministration set. If a Hyland set is not used, make 
sure the administration set contains an adequate fitter. 


How Supplied 

immune Globulin intravenous (Human), 
GAMMAGARD is supplied in either 2.5 g or 5.0 g 
single use vials. Each vial of immune Globulin Intra- 
venous (Human), GAMMAGARD is furnished with 
a Suitable volume of Sterile Water for injection, USP. 
a transfer device and an administration set which 
contains an integral airway and a 15 micron filter. 
Storage 

Immune Globulin Intravenous (Human), 
GAMMAGARD should be stored under ordinary 
refrigeration, (2 to 8 °C, 36 to 46 °F). Freezing should 
be avoided to prevent the diluent bottle from breaking. 
REFERENCES 
1. Unpublished data in the files of Travenol Labora- 
tories, Inc. 
2. Waldmann TA, Storber W: Metabolism of 
immunoglobulins. Prog Allergy 13: 1-110, 1969 
3. Morell A, Riesen W: Structure, function and cata- 
bolism of immunoglobulins in mmunohemotherapy. 
Nydegger UE (ed), Londen, Academic Press, 1981, 
pp 17-26 
4. Stiehm ER: Standard and special hurnan immune 
serum globulins as therapeutic agents. Pediatrics 
63:301-319, 1979 
5. Buckley RH: Immunoglobulin replacement therapy: 
indications and contraindications for use and variable 
IgG levels achieved in Immunoglobulins: Character- 
istics and Use of Intravenous Preparations. Alving 
BM, Finlayson JS (eds), Washington, DC, US. De- 
partment of Health and Human Services, 1979, pp3-8 
6. Burks AW, Sampson HA, Buckley RH: Anaphylactic 
reactions following gammaglobulin administration 
in patients with hypogammaglobulinemia: detection 
of IgE antibodies to IgA. Submitted for publication. 
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The efficacy of an IGIV depends 
on the process used to make it. 





RAMMARARN Efficacy from an 

AUE UE Fr me Immune Globulin Intra 
venous (IGIV) depends 
on many closely-linked 
factors. To function best, the entire IgG molecule 
should be undamaged -—thatis, intact. This lets the Fab 
portion bind aptigens’and the Fe section — the base of 
the “Y’"— interaet with aimonecyte sFe. receptors 
These capabilities are, ‘in largeypart, what enables IgG 
to mediate phagocytosis, t . 

A recent study compdřed the ability of various 
IGIVs to bind with human monocyte Fe receptors 


immune Globulin 
Intravenous (Human) 


Those isolated by DEAE-Sephadex purification con 
served the capacity of IgG to interact with Fe recep 
tors!. One product preserved more of this capacity 
than all other preparations tested: GAMMAGARD® 
IGIV, which is produced by Travenol’s patented 
DEAE-Sephadex adsorption method. When yout 
immunocompromised patients need an IGIV, 
specify GAMMAGARD® IGIV 


ingi, TW, Santer, M., Lerch, PG., Barandun, S.: Effect of Va i eatment 
mma-Globulin (IgG) for Achieving Intravenous Tolerance the Capacit 
at with Human Monocyte Fe Receptors, Vox Sang l | 


TRAVENOL LABORATORIES, INC. 
HYLAND THERAPEUTICS DIVISION 


A leader for more than 30 years in therapeutic products and services 


For further information call 800/423-2090; from California 800/232-2200 


See the reverse for full prescribing information. 
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i i Wellcovorin Tablets are dramatically improving the way 
7H 4 f patients are rescued. Often discharged from the hospital 


earlier, more patients are completing their therapy on an 
outpatient basis and 
returning to a more 

normal, comfortable 
lifestyle sooner. 
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WELLCOVORIN TABLETS 


(leucovorin calcium) 


For thousands of patients, Wellcovorin Tablets have provided the 
critical blood levels needed for life-saving rescue. The unique 
formulation of Wellcovorin Tablets has been shown to be completely 
bioavailable in a bioavailability study of 120 normal volunteers. 


Blum. Guaspari, et al: NCI Folate Symposium, Jan. 1986 


Wellcovorin Tablets have reduced the cost of leucovorin rescue 
significantly. Before Wellcovorin Tablets, the cost of leucovorin 
increased rapidly and consistently every year. Now, patients pay 
less for Wellcovorin Tablets, and often realize considerable 
savings from a reduction in hospital stays and clinic visits. 


For greater flexibility in oral dosing, Wellcovorin Tablets are 
available in two sizes: 5 mg (scored, bottles of 20 or 100) and 
25 mg (scored, bottles of 25). 
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WELLCOVORIN TABLETS 


(leucovorin calcium) 


Leucovorin in convenient 
5 mg and 25 mg tablets 


Before prescribing WELLCOVORIN® Tablets, please consult 
complete prescribing information, The following is a brief 
summary. 

INDICATIONS AND USAGE: Wellcovorin (leucovonn 
calcium) is indicated for the prophylaxis and treatment of un- 
desired hematopoietic effects of folic acid antagonists (see 
WARNINGS), 

CONTRAINDICATIONS: Leucovorin is improper therapy 
for pernicious anemia and other megaloblastic anemias 
secondary to the lack of vitamin Bx. A hematologic remission 
may occur while neurologic manifestations remain 
progressive. 

WARNINGS: In the treatment of accidental overdosage of 
folic acid antagonists, leucovorin should be administered as 
promptly as possible. As the time interval between antifolate 
administration (e.g. methotrexate) and leucovorin rescue 
increases, leucovorin’s effectiveness in counteracting hema- 
tologic toxicity diminishes 

PRECAUTIONS: 

General: Following chemotherapy with folic acid antag- 
onists, parenteral administration of leucovorin is preferable 
to oral dosing if there is a possibility that the patient may 
vomit and not absorb the leucovorin. In the presence of perni- 
cious anemia a hematologic remission may occur while 
neurologic manifestations remain progressive. Leucovonn 
has no effect on other toxicities of methotrexate, such as the 
nephrotoxicity resulting from drug precipitation in the kidney. 
Drug Interactions: Folic acid in large amounts may counter- 
act the antiepileptic effect of phenobarbital, phenytoin and 
primidone, and increase the frequency of seizures in suscep- 
tible children. 

Pregnancy: Teratogenic Effects: Pregnancy Category C. 
Animal reproduction studies have not been conducted with 
Wellcovorin. It is also not known whether Wellcovorin can 
cause fetal harm when administered to a pregnant woman or 
can affect reproduction capacity. Wellcovorin should be given 
to a pregnant woman only if clearly needed. 

Nursing Mothers: It is not known whether this drug is ex- 
creted in human milk. Because many drugs are excreted in 
human milk, caution should be exercised when Wellcovorin 
is administered to a nursing mother. 

Pediatric Use: See “Drug Interactions”. 

ADVERSE REACTIONS: Allergic sensitization has been 
reported following both oral and parenteral administration of 
folic acid 

OVERDOSAGE: Excessive amounts of leucovorin may 
nullify the chemotherapeutic effect of folic acid antagonists. 
DOSAGE AND ADMINISTRATION: Leucovonn is a spe- 
cific antidote for the hematopoietic toxicity of methotrexate 
and other strong inhibitors of the enzyme dihydrofolate reduc- 
tase. Leucovorin rescue must begin within 24 hours of anti- 
folate administration. A conventional leucovorin rescue 
dosage schedule is 10 mg/m’ orally or parenterally followed 
by 10 mg/m’ orally every six hours for seventy-two hours. If, 
however, at 24 hours following methotrexate administration 
the serum creatinine is 50% or greater than the pre-metho- 
trexate serum creatinine, the leucovorin dose should be im- 
mediately increased to 100 mg/m’ every three hours until the 
serum methotrexate level is below 5 x 108M.1-2 

The recommended dose of leucovorin to counteract hemato- 
logic toxicity from folic acid antagonists with less affinity for 
mammalian dihydrofolate reductase than methotrexate (i.e. 
trimethoprim, pyrimethamine) is substantially less and 5 to 15 
mg of leucovorin per day has been recommended by some 
investigators. ?-+-5 

1. Bleyer WA: The Clinical Pharmacology of Methotrexate. Cancer, 

41(\): 36-51, 1978 

Frei E, Blum RH, Pitman SW, ef al: High Dose Methotrexate with 
Leucovorin Rescue: Rational and Spectrum of Antitumor Activity. Am J 
Med, 68:370-376, 1980 

Golde DW, Bersch N, Quan SG; Trimethoprim and Sulpha-methoxazole 
ager of Hacmatoporesis in Virro. Br J Haematol, 4043): 363-367 
Sheinberg SE, Campbell CL, Rabinovitch PS, er al: The Effect of 
Trimethoprim/Sulfamethoxazole on Friend Erythroleukemia Cells 

Blood, 5513): 501-504, 1980 

Mahmoud AAF and Warren KS: Algorithms in the Diagnosis and 


Management of Exotic Disease. XX Toxoplasmosis. J Infect Dis, 135(3) 
493-496, 1977 
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THIS SPACE CONTRIBUTED AS A PUBLIC SERVICE 


You can help us 
raise the colorectal 
cancer cure rate. 





“If everyone over 50 had 
checkups for colorectal 
cancer, the cure rate could be 
as high as 75%," says Dr. 
LaSalle D. Leffall, Jr., past 
president, American Cancer 
Society. “You can't cure it if 
you don't know you have it.” 
But if it’s detected early, the 
cure rate for colorectal cancer 
is very high. Your doctor can 
perform the digital and 
proctoscopic exams, and you 
take care of the simple stool 
blood test at home. 

Since men and women are 
equally affected by this disease, 
we urge everyone over 50 to 
get regular checkups. 

The warning signs for 
colorectal cancer are a change 
in bowel habits and blood in 
the stool 

People with a family history 
of colon or rectal cancer or 
ulcerative colitis are at higher 
risk and are urged to be 
doubly cautious 


Checkup Guidelines for 
men and women over 50 
without symptoms: 
«digital exam annually 


* stool blood test annually 

e procto exam every 3 to 5 
years after 2 negative tests 
l year apart 





No one faces 
cancer alone. 
AMERICAN CANCER SOCIETY ® 
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Thrombotic 
a 1d Bleeding 
E ‘sorders T 


American Diagnostica, Inc. offers an 
array of innovative products for the 
study and diagnosis of thrombotic and 
bleeding disorders: 





ki: and methods for Protein C 
antigen and functional activity assay 
in plasma; reagent for Protein S 


determination 
Platelets 


= ‘its for t-PA antigen, activity and 
inhibitor assay in plasma 


Standardized third generation 
chromogenic substrates for 
coagulation factor, heparin, Protein C, 
kallikrein and endotoxin assays 








1 
onoclonal antibody based kits for ee es . 
determination of soluble cross-linked eee : Blood Coagulation = 
fibrin fragments in plasma and serum ee 


i] 
r onoclonal antibody panels to 
hemostasis related antigens; activator 
and coagulation factor zymogens, 
enzymes and inhibitors 
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AMERICAN DIAGNOSTICA, INC. 111 North St./Greenwich, CT /06830 In Canada: Inter-Haematol inc. 3524 Mainway, 
203-661-4331/TLX:221034 AMER UR Burlington, Ont. L7M 1A8, Tel. 416/335-3003 
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tion against 
infection 
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of antibodies face 
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platelet levels 
GAMIMUNE*N 


increase in platelets 
in both children and 
adults with idiopathic 
thrombocytopenic 
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“Native” IGIV 
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Immune Globulin 
intravenous (Human) 5% 
(in 10% Maltose), pH 4.25 


CLINICAL PHARMACOLOGY 

Gamimune* N supplies 4 broad spectrum of opsonic and neutralizing IgG antibodies for 
the prevention or attenuation of a wide variety of infectious diseases. As Gamimune™ Nis 
administered intravenously, essentially 100% of the infused IgG antibodies are immedi- 
ately available in the recipient's circulation. 4 relatively rapid fall in serum IgG level in the 
first week post-infusion 1s to be expected, this decrease averages 50% of the peak level 
achieved immediately post-infusion and is mainly due to the equilibration of IgG between 
the plasma and the extravascular space. The in vivo half-life of Gamimune* N equals or 
exceeds the three week halfsite reported for IgG in the literature, but individual patient 
variation in half-life has been observed. Thus, this variable as well as the amount of 
immune globulin administered per dose is important in determining the frequency of 
administration of the drug for each individual patient 

The intravenous administration of solutions of maltose has been studied by several 
investigators. Healthy subjects tolerated the infusions well. and no adverse effects were 
observed at a rate of 0.25 g maltose/kg body weight per hour. in safety studies conducted 
by Cutter Biological, infusions of 10% maltose administered at 0.27-0.62 g maitose/kg 
per hour to normal subjects produced either mild side effects (e.g. headache) or no 
adverse reaction. Following intravenous administrations of maltose. maltose was 
detected in the peripheral blood, there was a dose-dependent excretion of maltose and 
glucose in the urine and a mild diuretic effect. These alterations were well tolerated with- 
out significant adverse effects. The highest recommended infusion rate, 0.08 mL/kg 
body weight per minute (see DOSAGE AND ADMINISTRATION), is equivalent to 0.48 g 
maltose/kg body weight per hour. 

The buffer capacity of immune Globulin Intravenous (Human) 5% (in 10% Maltose), pH 
4.25--Gamimune® N ıs 16.5 mEq. ( ~ 0.3 mEQ/g protein}: a dose of 150-400 mg/kg (3-8 
ml/kg) body weight therefore represents an acid load of 0.0495-0.1320 mEq/kg body 
weight. The total buffering capacity of whole blood in a normat individual is 45-50 mEq/L 
of blood, or 3.6 mEq/kg body weight Thus, the acid load delivered in the largest dose of 
Gamimune* N would be neutralized by the buffering capacity of whole blood alone, even if 
the dose were infused instantaneously. (An infusion usually lasts several hours } 

in Phase i human studies. no change in arterial blood pH measurements was detected 
following the intravenous administration of Gamimune* N at a dose of 150 mg/kg body 
weight. following a dose of 400 mg/kg body weight in 37 patients, there were no clinically 
important differences in mean venous DH or bicarbonate measurements in patients who 
received Gamumune”* N compared with those who received a chemically modified intra- 
venous immunoglobulin preparation with a DH of 6.8 

in patents with limited or compromised acid-base compensatory mechanisms, consid- 
eration should be given to the effect of the additional acid load Gamirnune* N rught 
present 
INDICATIONS AND USAGE 
immunodeficiency Syndromes: Gamimune* N is indicated for the maintenance treat- 
ment of patients who are unable to produce sufficient amounts of IgG antibodies. Usage 
of Gamimune" N may be preferred to that of intramuscular immunoglobulin preparations, 
especially in patients who require an immediate increase in intravascular immunoglobulin 
levels, in patients with a small muscle mass, and in patents with bleeding tendencies in 
whom intramuscular injections are contraindicated. It may be used in disease states such 
as congenital agammagiobulinemma (e.g. X-4.nked agammagiobulinemia), common varia- 
ble hypogammagiobulinemia, X-linked immunodeficiency with hyper IgM and in severe 
combined immunodeficiency. 
idiopathic Thrombocytopenic Purpura (ITP): Investigations in both children and adults 
have shown that Gamimune* N may initiate a therapeutic increase in the platelet count. In 
clinical studies of Gamimiune* N, tive of Six (83.3%) children and 10 of 16 (62.5%) aduits 
with acute or chronic ITP demonstrated clinically significant increments in the platelet 
count dunng or following an inital treatment course with Gamimune® N at a dose of 400 
mg/kg body weight daily for five days. The duration of the platelet rise following treatment 
of ITP with Gamimune* N was variable, ranging from several days up to 12 months or 
more. Several ITP patients demonstrated continuing responsiveness over many months 
to intermittent Gamimune™* N 400 mg/kg body weight singie dose maintenance courses 
Two of three children with acute ITP treated with Gamimune” N rapidly went into complete 
remission. However, childhood ITP may respond spontaneously without treatment. Four 
patients with refractory ITP were able to undergo major surgical procedures as a result of 
the rapid rise in platelet count associated with Gamimune® N treatment 

In addition, one patient with severe thrombocytopenia due to post-trans fusion purpura 
(PLA alloimmune antibody with platelet anti PL“! specificity) also responded to treatment 
with Gamimune™ N, at a dose of 400 mg/kg body weight daily for 5 days. there was a rapid 
rise in the platelet count commencing on the third day of treatment 

it is presently not possible to predict which patients with ITP wil respond to therapy. 
although the increase in platelet counts in children seems to be better than that of adults 
in clinical situations in which a rapid rise in platelet count is needed to control bleeding or 
to allow a patient with ITP to undergo surgery, administration of Immune Globulin intra- 
venous (Human) 5% (irr 10% Maltose), pH 4.25--Gamimune® N should be considered; in 
patients in whom a response is achieved, the rise of platelets is generally rapid (within 1-5 
days}, transient (most often lasting from several days to several weeks) and should not be 
considered curative. in some patients who relapse, a maintenance dose of Garmmune* N 
administered every several weeks may be of benefit once the platelet count decreases to 
clinically hazardous leveis (see DOSAGE AND ADMINISTRATION) 

CONTRAINOICATIONS 

Gamimune® Nis contramndicated in individuals who are known to have had an anaphylactic 
or severe systemic response to Immune Globulin (Human). individuals with selective IgA 
deficiencies who have known antibody against IgA (antiga antibody} shouid not receive 
Gamimune® N since these patients may experience severe reactions to the IgA which may 
be present 





WARNINGS 
Gamimune” N should be administered only intravenously as the intramuscular and subcu- 
taneous routes have not been evaluated 

Gamimune” N may. on rare occasions, cause a precipitous fall in blood pressure and a 
cinical picture of anaphylaxis, even when the patient is not known to be sensitive to 
immune globulin preparations. These reactions may be related to the rate of infusion. 
Accordingly, the infusion rate given under DOSAGE AND ADMINISTRATION should be 
closely followed, at least until the physician has had sufficent experience with a given 
patient. The patient's vital signs should be monitored continuously and careful observa- 
tion made for any symptoms throughout the entire infusion. Epinephrine should be avail 
able for the treatment of an acute anaphylactic reaction 
PRECAUTIONS 
General: Any vial that has been entered shouid be used promptly. Partially used vials 
should be discarded Do not use if turbid. Solution which has been frozen should not 
be used. 
Drug interactions: lf dilution is required, Gamimune™ N may be diluted with 5% dextrose 
in water (D5/W). No other drug interactions or compatibilities have been evaluated It is 
recommended that infusion of Gamimune” N be given by a separate line. by itself, without 
mixing with other intravenous fluids or medications the patient might be receiving. 
Pregnancy Category C: Animal reproduction studies have not been conducted with 
Gamimune™ N. it is not known whether Gamimune* N can cause fetal harm when admun- 
istered to a pregnant woman or can affect reproduction capacity Gamimune™ N should 
be given to a pregnant woman only if clearly needed 
ADVERSE REACTIONS 
in a study of 37 patients with immunodeficiency syndromes receiving Garmmune” N at a 
monthly dose of 400 mg/kg body weight, reactions were seen in 5.2% of the infusions of 
Gamimune™ N, Symptoms reported with Gamwnune® N included malaise, a feeling of 
faintness, fever, chills. headache. nausea, vomiting, chest tightn dyspnea and chest. 
back or hip pain. in addition, mild erythema following infiltration of Immune Globulin intra- 
venous (Human) 5% {in 10% Maltose}, pH 4.25—Gamimune® N at the infusion site was 
reported in some cases 

in further studies of Gamumune® N in the treatment of both adult and pediatrie patents 
with ITF. systemic reactions were noted in only 4 of 154 (2.6%) infusions, and all but one 
occurred at rates of infusion greater than 0.04 mL/kg body weight per min The symp- 
toms reported included chest tightness, a sense of tachycardia (pulse was 84 beats per 
minute), and a burning sensation in the head; these symptoms were all mild and transient 
Erythema, pain, phlebitis, or eczematous reacticns at the infusion site were also reported 
following infusion of Gamimune® N to adult ITP patients. These reactions occurred in 
11.6% of the infusions of Gamimune” N and im 43.8% of the adult ITP population. No 
pediatric patients experienced localized reactions at the infusion site 

in the studies undertaken to date, other types.of reactions have not been reported with 
Garmmune®* N. it may be, however, that adverse effects will be similar to those previousiy 
reported with intravenous and intramuscular immunoglobulin admirustration. Potential 
reactions, therefore, may also include anxiety, flushing, wheezing. abdominal cramps, 
myalgias. arthralgia, and dizziness. rash has been reported only rarely. Reactions tontra- 
venous immunogiobulin tend to be related to the rate of infusion 

True anaphylactic reactions to Gamimune® N may occur in recipients with documented 
onor histories of severe allergic reactions to intramuscular immunoglobulin. but some 
patients may tolerate cautiously administered intravenous immunogiows 
adverse effects. Very rarely an anaphylactoid reaction may occur in patients with no prior 
history of severe allergic reactions to ether intramuscular or intravenous 
immunoglobulin. 
DOSAGE AND ADMINISTRATION 
immunodeficiency Syndromes: The usual dosage of Gamimune* N for prophylaxis in 
immunodeficiency syndromes is 100-200 mgg {2-4 mL/kg) of body weight admninis- 
tered approximately once a month by intravenous infusion. If the clinical response is 
inadequate. or the level of IgG achieved in the circulation 1s felt to be insufficient, the 
dosage may be given more frequently or increased as high as 400 make (8 mL/kg) 
body weight. 
idiopathic Thrombocytopenic Purpura: Ar increase in platelet count has been observed 
in children and some adults with acute or chronic ITP receiving Gamimune® N, 400 mgikg 
body weight daily for five days. A response usualy occurs within several days and is main 
tained for a variable period of time. In general a response is seen fess often in adults than 
in children. in patients who have shown a response, a maintenance dose of Gamimune™ MN 
of 400 mg/kg body weight administered as a single dose every several weeks may be of 
benefit once the platelet count decreases to clinically hazardous levels 

investigations indicate that Geamimune” N is well-tolerated and fess likely to produce 
side effects when infused at the indicated rate. it is recommended that Gamimune” N be 
infused by itself at a rate af 0.01 to 0.02 mL/kg body weight per minute for 30 minutes: if 
well tolerated. the rate may be gradually increased to a maximum of 0.08 mL/kg body 
weight per minute. If side effects occur the rate may be reduced. or the imfusion inter- 
rupted until symptoms subside. The infusion may then be resumed at the rate which 15 
comfortable for the patient 

Parenteral drug products should be inspected visually for particulate matter and aiscot- 
oration prior to admunstration. whenever solution and container permit. 
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Coagulation Factor Deficient Human Plasma 


© Substrate Quality © Fresh Frozen 
© Stable @ Mono-Specific 


COAGULATION DEFICIENCIES AVAILABLE: 


Factor | (Afibrinogenemia) Factor IX VonWillebrand Trait 


Factor il Factor X (Mild and Severe) 
Factor V Factor Xi Prekallikrein 

Factor Vii Factor XII — Kininogen (HMW) 
Factor VII Factor XII] Passovoy Trait 
Factor VIH Inhibitor Protein C 





HEMATOLOGY PRODUCTS AVAILABLE: 


Pooled Normal Plasma Aged Serum 
Assayed Normal Plasma Adsorbed Plasma 
Platelet Free Plasma Coumadinized Plasma 


@ Plasmas are fresh frozen, citrated plasmas drawn from carefully screened HUMAN donors with 
congenital coagulation factor deficiencies. 

@ Shipments are packed in dry ice and usually delivered within 24 hours. 

@ Special arrangements are made to ship plasma in required volumes in vials (0.5 to 5.0 mi), in bags or 
on standing orders. 


MAXIMUM QUALITY - MINIMUM COST 
GEORGE KING BIO-MEDICAL, INC 


Toll Free 800-255-5108 In Kansas 913-469-KING 
11771 West 112th Street, Overland Park, KS 66210 





All You Need Is Under One Roof: 


Custom designed & manufactured specialized blood processing sets. 


LIKE THE NAUTILUS SHELL, ETHOX 
contains many “chambers”, each available to 
assist you at every stage of the sterile 
disposable development and manufacturing 
process. That's why leading organizations rely 

on Ethox for: 

m Custom design & manufacture 

a Experimental & limited production quantities. 

® Specialized blood & solution bags 






m Integrated blood tubing & bag sets. 

® Blood bag PVC and other biocompatibility-tested 
and certified materials. 

Like the chambered Nautilus shell, a quarter century of 

Ethox expertise can provide you with the talent, systems, 

facilities & capabilities in the design, development & 

manufacturing of specialized blood processing, 

handling & storage systems. 


A Call today and ask for our free 22-page color catalog. /« 


i » | , TRC/Total Responsibility & Capability 
Ethox 
4 A 


Contract Development, Prototyping, Manufacturing, 
CORP. 


& EtO Sterilization of Medical Disposables. 
251D Seneca St., Buffalo, NY 14204-2088 @ 716-842-4000 





Read this 
like your life depends on it. 


your period, when breasts are nor- 
mal, practise this self-exam. Ask 
your doctor to teach you this method: 


"7 


Breast cancer found early and 
treated promptly has an excellent 
chance for cure. About a week after 


N 








l. In bath or shower. 
Fingers flat, move op- 
posite hand gently over 
each breast. Check for 
lumps, hard knots, 
thickening. 


AMERICAN 
CANCER 
SOCIETY” 


This space contributed as a public service 


Observe breasts. Arms 
at sides. Raise arms 
high overhead. Any 
change in nipples, con- 
tours, swelling. dim- 
pling of skin? Palms on 
hips: press down 
firmly to flex chest 
muscles. Breasts do not 
usually match 


TE 


2.1n front of a mirror. 


3. Lying down. 
Pillow under nght 
shoulder, right hand 
behind head. Left hand 
fingers flat, press 
gently in small circular 
motions starting at 

12 o’clock. Make about 
three circles moving 
closer to and including 
nipple. Reverse and 
repeat on left. 


The first effective treatment for certain 


AIDS and other serious HIV’ infections 











este see — 
for eae AIDSYARC patient 


A multicenter study proved.. a 


RETROVIR can prolong the | 
AIDS and ARC some! : 
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zidovudine) reduced the risk WARNING 
€ pportunistic infections : | 


: ntly reduced the probability of 
nistic eee AIDS and ARC 
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IMPROVING L IVES THROUGH ; 
ANTI VIRAL RESEARC) H, 
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_ RETROVIR 'Gidovudine) _ 
‘New hope —— 


for many AIDS/ARC Lose 


RETROVIR improved in immun 
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New hope | | 
for many AIDS/ARC patients 


Clinical studies showed... 


It is important to identify patients at greatest i 
risk for bone marrow toxicity, and | 
subsequent RBC and WBC suppression, and 
monitor carefully 


E 25% of RETROVIR patients developed anemia (<75 g/dl) | 
as compared to 4% in the placebo group. This adverse 
reaction was most likely to occur in AIDS patients and — 
patients with lower numbers of T4 cells 


E 31% of RETROVIR patients required atleastone = | 
transfusion, compared with 11% of placebo patients 


E Granulocyte depression (<750/mm?) was observed in 
39% of RETROVIR patients as compared with 9% of 
placebo patients. Granulocytopenia occurred more © 
frequently i in AIDS Patients and patients with lower T 4 cell 
counts 

Clinical a dve erse events 

i Although the: majority of patients in both the RETROVIR 
(84% ) and control groups (72% ) reported the occurrence 
of at least one adverse event, nausea, myalgia, insomnia, _ 
and moderate-to-severe headache were significantly more _ 
frequent among RETROVIR patients a 








The potential hematologic toxicity of 
RETROVIR plays an important role in 
patient management 


E The majority of patients who required adjustment of ae 
RETROVIR dosage had hematologic toxicity, specifically 
ROVIG <the newest antiiral break- anemia or granulocytopenia, usually occurring within th 


h from Burroughs Wellcome Co. — first four to eight weeks of RETROVIR therapy 


th 
N a o E Because of this potential, careful monitoring of 


hematologic indices is recommended every two wee! k 























Drug interactions must be considered with 
RETROVIR a 


RETROVIR dose interruption may | be 
quired for significant anemia or 
anulocytopenia until evidence of — oie mage ae 

: ith 





bone marrow recovery is observed. 


A reduction in daily dose may be- 
a te for less severe depression mh 








“sinc iei initial supply of RETROVIR” 

; dine)i is limited, a special distribution 
s in place 

| of development and complexity of the production 
T rocess have limited the current supply of RETROVIR 













-E To help ensure a continuous supply of RETROVIR for If ‘you have patients wi th 
_ patients at greatest need and those who would benefit most HIV infections and need 
from treatment during this period of limited supply, a additional information, 
special distribution program has been established please call 





© §An independent group of experts from the Infectious 1-800-843-9388 
Disease Society of America (IDSA) has assisted in 


developing this program for the best utilization of 
RETROVIR 


F Patients can be enrolled in the RETROVIR 


_ distribution program now 


, I You can apply to enroll your patients in the RETROVIR 
_ distribution | program at this time 


` 1 Ifyou are currently treating AIDS or ARC patients and need 
_ additional information, call 1-800-843-9388 


: i Detailed information and enrollment applications are also 


available from your = Wellcome Co. Sales 
Toone 










si in Antiviral Research 
; ntinuing. clinical trials to evaluate further the role of 
ROVIR in the treatment of HIV infections 


À conducting research for antiviral agents effective against 


— varicella-zoster, Epstein-Barr, human papilloma, hepatitis B 
_ virus, and cytomegalovirus 


a Providing physicians with antiviral products effective 


against herpes simplex — today’s hope for patients with 
: petal al herpes 





IMPROVING LIVES THROUGH 
ANTIVIRAL RESEARCH 


PR BURROUGHS WELLCOME CO. 
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RETROVIR? (zipovupine) Capsules 


wanuna.. er WITH RETROVIR (ZIDOVUDINE) 1S OFTEN ASSOCIATED WITH HEMATOLOGIC TOXICITY INCLUDING GRANULOCYTOPENIA AND SEVERE ANEMIA REQUIRING TRANSFUSIONS (SEE 


IN ADDITION, PATIENTS TREATED WITH ZIDOVUDINE MAY CONTINUE TO DEVELOP OPPORTUNISTIC INFECTIONS (01'S). AND OTHER COMPLICATIONS OF THE ACQUIRED IMMUNODEFICIENCY SYNDROME (AIDS) 


AND AIDS RELATED COMPLEX (ARC) CAUSED BY THE HUMAN IMMUNODEFICIENCY VIRUS (HIV). THEREFORE, PATIENTS ON ZIDOVUDINE SHOULD BE UNDER CLOSE CLINICAL OBSERVATION BY PHYSICIANS 
EXPERIENCED IN THE TREATMENT OF PATIENTS WITH DISEASES ASSOCIATED WITH HIV. THE SAFETY AND EFFICACY OF ZIDOVUDINE HAVE BEEN ESTABLISHED ONLY FOR CERTAIN ADULT AIDS. AND ADVANCED 


ARC PATIENTS (SEE “INDICATIONS AND USAGE"). 


INDICATIONS AND USAGE: Retrovir Capsules are indicated for the management of certain adult patients 
with symptomatic HIV infection (AIDS and advanced ARC) who nave a history of cytologically confirmed 
Pneumocystis carinii pneumonia (PCP) or an absolute CD4 (T4 helper/inducer) lymphocyte count of less 
than 200/mm: in the peripheral blood before therapy is begun 

This indication is based primarily on the results of a randomized, double-blind, placebo-controlled trial 
conducted at 12 medical centers in the United States in which 281 patients with AIDS or advanced ARC were 
studied for an average of four and a half months. Additional data have been collected on approximately 80% 
of these patients who have received zidovudine in an open-label extension of this trial for an average of five 
more months. 


The patient population of the controlled trial consisted of 160 AIDS patients (85 Retrovir and 75 placebo 
who had recovered from their first episode of PCP diagnosed within the previous tour months, and 121 AR 
Patients (59 Retrovir and 62 placebo) with multiple signs and symptoms of HIV infection, including 
mucocutaneous candidiasis and/or unexplained weight loss (z 15 ibs or > 10% of prior body weight}. Ail 
patients had evidence of impaired cellular immunity with an absence of delayed cutaneous hypersensitivity 
and a decreased number of CD4 (14) lymphocytes in the peripheral circulation. Two hundred Fone 
(79% of all patients) had fewer than 200 T4 celsmm3-at entry (95% of AIDS patients and 57% of ARC 
patients). All patients began therapy at a dose of 250 every 4 hours around the clock. This dosage was 
reduced or temporarily or permanently discontinued if serious marrow toxicity occurred. The trial was 
stopped because of a significant reduction in mortality before al! patients had completed the planned 24 
weeks of treatment. There were 19 deaths in the placebo-group and 1 in the Retrovir group (p< .001). Ali 
deaths were apparently due to opportunistic infections {O1) or other complications of HIV infection. 
Treatment duration ranged from 12 weeks to 26 weeks, with a mean and median duration of 17 and 18 
weeks, respectively. 

Retrovir also significantly reduced the risk of acquiring an AIDS-defining Ol in patients after 6 weeks of 
treatment (p= 001). in addition, patients who received Retrovir generally did better than the placebo group 
in terms of several other measures of efficacy including performance level, neuropsychiatric function, 
maintenance of body weight and the number and severity of symptoms associated with HIV infection. A 
Modest increase in mean CD4 (14) counts was’seen in the zidovudine group but the significance of this 
finding is unclear as the CO4 (T4). counts declined again in some patients. 

The most significant adverse reaction noted in the Study was a depression of formed elements in the 
peripheral blood, which necessitated dose reduction or drug discontinuation in 49 of the 144 (34%) 
patients receiving Retrovir. Of those participants whose baseline CD4 {T4} lymphocyte counts were less 
than 200. 47% of those receiving Retrovir and 10% of those receiving placebo developed a granulocyte 
count of <750:mms. Similarly, 45% of Retrovir recipients and only 14% of placebo recipients had a 25% or 
Greater reduction in hemoglobin. (See ADVERSE REACTIONS.) 


At the conclusion of the placebo-controlied trial. 127 Retrovir recipients and 100 placebo recipients elected 
to enroll in an uncontrolled extension protocol in which all patients feceived Retrovir at a dose of 200 mg 
-every four hours. This dose was chosen because of concern about cumulative hematologic toxicity and to: 
allow tor greater flexibility in. dosing. Over the subsequent five months. opportunistic infections con 
to occur and additional patients died in both e } 
after the conclusion of the controlled trial, Four of these 16 never received Retrovir and seven € 
during the first month of therapy. Ten additional deaths occurred among the original Retrovir recipients. 
With respect to these data, termination of the controlied trial precludes direct ‘comparisons of mortality and 
morbidity between the original placebo and drug’ . Long-term follow-up of these patients, 
however. will allow for examination of the natural history of prolonged zidovudine therapy. 
CONTRAINDICATIONS: Retrovir Capsules are contraindicated for patients who have potentially ife-threat- 
ening allergic reactions to any of the components of the formulation. 
WARNINGS: Zidovudine has been carefully studied in limited numbers af seriously i ‘HIV-infected patients 
treated for a limited period of time. Therefore, the full safety and efficacy profile of zidovudine has not been 
defined. particularly in regard to profonged use, and especially n HIV-infected individuals who 
have fess advanced disease. 
Zidovudine should be used with extreme caution in patients who have bone marrow compromise evidenced 
by granulocyte count < 1000/mm or hemogiobin-< 9.5 gdt. tn the placebo-controtied , anemia and 
granulocytopenia were the most significant adverse events observed (see ADVERSE REACTIONS). 


Significant anemia most commonly occurred after 4 to 6 weeks of therapy and in many cases required dose 
adjustment, discontinuation of zidovudine, and/or blood transfusions. Frequent {at least ‘every 2 weeks) 
blood counts are strongly recommended in patients taking zidovudine. if anemia or granulocytopenia 
develops, dosage adjustments may be necessary (see DOSAGE AND ADMINISTRATION). 


Coadministration of zidovudine with other drugs metabolized by glucuronidation should be avoided 
because the toxicity of either drug may be pctentiated (see Drug Interactions under PRECAUT! TONS). 
Zidovudine recipients who used acetaminophen during the controlled trial had an increased incidence of 
granulocytopenia which appeared to be correlated with the duration of acetaminophen use 


PRECAUTIONS: 


General: Zidovudine is eliminated trom the body primarily by renal excretion following metabolism in the 
liver (glucuronidation). There are currently no data available concerning the use of zidovudine in patients 
with impaired renal or hepatic function, and such patients may be at a Qreater risk of toxicity from 
Zidovudine. 


rug Interactions: The interaction of other drugs with zidovudine has not been studied in a systematic 
manner, Coadministration of zidovudine with drugs that are nephrotoxic, cytotoxic, or which interfere with 
RBC/WBC number or function {e.g., dapsone, pentamidine, amphotericin B, flucytosine. vincristine, 
vinblastine, adriamycin, or interferon) may increase the risk of toxicity. Limited data suggest that probene- 
cid may inhibit glucuronidation and/or reduce renal excretion of zidovudine. In addition. other drugs (¢.g., 
acetaminophen, aspirin, or indomethacin} may-compelitively inhibit glucuronidation (see WARNINGS). 
Some experimenta! nucleoside analogues which are being evaluated in AIDS and ARC patients may affect 
RBC/WBC number or function and may increase the potential for hematologic toxicity of zidovudine. Some 
experimental nucleoside analogues affecting DNA replication antagonize the in vitro antiviral activity of 
Zidovudine against HIV and thus, concomitant use of such drugs should be avoided 

Some drugs such as trimethoprim-sulfamethoxazole , pyrimethamine, and acyclovir may be necessary for 
the management or prevention of opportunistic infections. In the controlled trial, increased toxicity was not 
detected with limited exposure to these drugs. However, there are two published reports of neurotoxicity 
{one of profound lethargy and one of seizure) associated with concomitant use of zidovudine and acyclovir, 


Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term carcinogenicity studies of zidovudine 
in animals have not been completed. However, in an i vitro mammalian cell transformation. assay. 
zidovudine was positive at concentrations of 0.5 pg/ml and higher. 

No evidence of mutagenicity (with or without metabolic activation} was observed in the Ames Salmonella 
Mutagenicity assay, In a mutagenicity assay conducted in L5178Y/TK +- mouse lymphoma celis. zidovu- 
dine was weakly mutagenic in the absence of metabolic activation only at the highest concentrations tested 
(4000 and 5000 pg/mij. In the presence of metabolic activation, the drug was weakly mutagenic at 
Concentrations of 1000 g/ml and higher. In an in vitro cytogenetic study performed in cultured human 
lymphocytes, zidovudine induced dose-related structural chromosomal abnormalities at concentrations of 
3 g/ml and higher. No such effects were noted at the two lowest concentrations tested. 0.3 and 1 pg/mi 


Pregnancy: Pregnancy Category C. An oral teratology study in pregnant rats using doses up to 20 times the 
human dose has revealed no evidence of harm to the fetus due to zidovudine. It is not known whether 
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zidovudine can cause fetal harm: when administered to a pregnant woman or can: affect reproductive 
capacity. Zidovudine should be given to a pregnant womar only if clearly needed. 

Nursing Mothers: It is not known whether zidovudine is excreted in human milk. Because many drugs are 
excreted in human milk and because of the potential for serious adverse reactions from zidovudine in 
nursing infants, mothers should be instructed to discontinue nursing if they are receiving zidovudine. 
Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS: The most frequent adverse avents and abnormal laboratory values reported in the 
piacebo-controlied clinical trial of oral zidovudine administration in 281 patients (144 patients zidovudine: 
137 patients placebo) were granulocytopenia and anemia, The occurrence of these hematologic toxicities 
was Inversely related to CD4 {T4} fymphocyte number, hemoglobin, and granulocyte count at study entry, 
and directly releated to dese and duration of therapy: The frequency of granulocytopenia and anemia 
according to the patients’ CO4 (74) levels is shown in the following table: 


Pretreatment CD4 (T4) Levels 
=mi 
Zidovudine Placebo Zidovudine Placebo 
Abnormality (n= 193} {n= 105) {n = 30) {n= 30} 
Granulocytopenia 47% 10% 10% % 
(< 750/mms3) 

Anemia 6% h 

{Hgb <7.5 gdi) 
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Because many patients were anemic and/or granulocytopenie betore Starting therapy with zidovudine, 
Least the degree of change when compared tc baseline, as shown. in the table below, may be more 
informative. 








The anemia appeared to be the result of impaired erythrocyte maturation as evidenced by increasing 
macrocytosis (MCV) white on drug. == = TER fires 


The 281 patents treated in this controlled iria! Kad serious underlying disease with multiple taseline 





myalgia were reported at a significantly greater rate in zidovudine recipients. 
“= Percentage (%) of Patents with Clinical Events 
: BE ans 
Zidovudine 
(n= 144) 
% 

















SPECIAL SENSES 
| Taste Perversion 











Gastrointestinal: constipation, dysphagia, edema of the tongue. eructation, flatulence, bleeding gums, 
rectal hemorrhage, mouth ulcer. 
Musculoskeletal: arthraigia, muscle spasm, tremar, twitch. 
Nervous: anxiety. confusion, depression, emotional liability, nervousness, syncope, loss of mental 
acuity, vertigo. 

Respiratory: cough, epistaxis, pharyngitis, rhinitis, sinusitis, hoarseness 

Skin- acne, pruritus, urticaria. 

Specia; senses: amblyopia, hearing toss, photophobia. 

Urogerital: dysuria, polyuria, urinary frequency, urinary hesitancy, 
DOSAGE AND ADMINISTRATION: The recommended starting dose of Retrovir (zidovudine) is 200 mg (two 
100 mg capsules) administered crally every four hours around the clock. 
Hematologic toxicities appear to be related to pretreatment bone marrow reserve and to dose and duration 
of therapy. Careful monitoring of hematologic indices every two weeks is recommended to detect serious 
anemia 0: granulocytopenia. in patients with hematologic toxicity, reduction in hemoglobin may occur. as 
early as 2 to 4 weeks, and granulocytopenia usually occurs after 6 to 8 weeks. 
Dose Adjustment: Significant anemia (hemoglobin af <7.5 g/dL or reduction of >25% of baseline} and/or 
significant granulocytopenia (granulocyte count of <750/mm3 or reduction of 50% trom baseline) may 
require a dose interruption until some evidence of marrow recovery is observed. For less severe anemia or 
granulocytopenia, a reduction in daily dose may be adequate. In patients who develop significant anemia, 
dose modification does not necessarily eliminate the need for transtusion. If marrow recovery occurs 
following dose modification, gradual increases in dose may be appropriate depending on hematologic 
indices and patient tolerance. 


Wellcome Co. 


eal Burraughs 
Research Triangle Park 
Wellcome į North Carolina 27709 
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Essential Coverage Helps You 
Effectively Manage 
Hematologic Problems 


Stamatoyannopoulos, Nienhuis, 


Leder & Majerus 


THE MOLECULAR BASIS OF 


BLOOD DISEASES 


This new book focuses on general molecular and 
biochemical principles . . . and offers a detailed 
exposition of diseases for which the molecular 
basis has been established. They include hemo- 


globinopathies, coagulation 
factor deficiencies, inherited 
platelet function, thrombotic 
disorders, iron metabolism, 
AIDS, leukemias, and much 
more. Coverage of the tech- 
niques of molecular biology, 
specific neoplasms and 
oncogenes, the immune 
response system, and the 
molecular biology of hemo- 
stasis, thrombosis, and fibrin- 
olysis is included as well. 

By George Stamatoyannopoulos, MD, 
Prof. of Medicine, Medical Genetics, 
Univ. of Washington School of 
Medicine, Seattle, WA; Arthur W. 
Nienhuis, MD, Chief, Clinical 
Hematology Branch, National Heart, 
Lung, and Blood Inst., National 
Institutes of Health, Bethesda, MD; 


Philip Leder, MD, Senior Investigator, 


Howard Hughes Medical Inst., Chair- 
man, Dept. of Genetics, Harvard 


Medical School, Boston, MA; Philip W. 


Majerus, MD, Prof. of Medicine and 
Biological Chemistry, Div. of 
Hematology-Oncology, Washington 
Univ. School of Medicine, St. Louis, 
Missouri. Over 765 pp. Over 525 ills. 
May 1987. $95.00. W1373-X 


VB B. SAUNDERS----- 


Harcourt Brace Jovanovich, Inc 


$95.00 
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Leavell and Thorup’s FUNDAMENTALS 
OF CLINICAL HEMATOLOGY, 


This new, greatly expanded 5th Edition provides 
you with detailed coverage of hematologic disorders, 
their clinical manifestations, physiologic 
mechanisms, diagnostic methods, and details of 


treatment. Coverage includes 
cell function, morphology, blood 
and the lymphatic system, 
metabolic disorders of 
hemoglobin, classification, 
diagnosis, features of the 
anemias, and much more. Plus 
you'll find an outstanding new 
chapter on the lymphomas 
(both Hodgkins and non- 
Hodgkins); a new section on 
nonmalignant disorders of 
lymphocytes featuring 
superb, authoritative 
information on AIDS; and a 
new chapter on the structure 


~ and function of the immune 


system in health and disease. 
Over 300 illustrations highlight 
key concepts and methods 
presented to facilitate 
understanding 

By Oscar A. Thorup, Jr., MD, Prof. of 
Internal Medicine, Assoc. Dean, Univ 
of Virginia, Charlottesville, VA. With 8 
contributors. 1013 pp. 323 ills. May 
1987. $75.00. W5679-X 


Now You CAN 
STORE LEUKOPOOR RED CELLS 





Wit THE CUTTER 
LEUKOTRAP” RED CELL STORAGE SYSTEM. 


SIMPLE, RELIABLE 
PROCEDURE 

The Leukotrap System provides 
consistent results with only 
minimal technician time and 
a standard centrifuge. 

Provide a better red cell 
product with the Leukotrap 


Now you can cost-effectively 
produce and store high-quality 
leukopoor red cells for 42 days. 
The Leukotrap closed system 
efficiently removes leukocytes 
from fresh red cells, then 
maintains red cell viability for 
42 days in the Nutricel® AS-3 











additive solution. x pa Se Storage System... another Compo- 
r chan nent Enhancement Product, only 
MOST EFFICIENT removal filter from Cutter. 
CLOSED SYSTEM METHOD For more information, contact 
The Leukotrap Storage System removes yeur Cutter Biological Representative or 
914% of leukocytes and 80% of platelets, call our Professional Services Dept. at 
while recovering 90% of the red cells.* (800) 527-7200, in CA (800) 527-7222. 


z ‘ a 
Cutter | SEE aw on fle arc 
ical SE V Data on fiie at Cutter 
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SUBMITTING THE MANUSCRIPT 


BLOOD, The Journal of The American Society of Hematology, 
provides an international forum for the publication of original 
articles, in English, describing basic laboratory and clinical inves- 
tigations encompassed in the broad discipline of hematology. The 
scope of the journal covers all aspects of hematology, including 
disorders of leukocytes, both benign and malignant, erythro- 
cytes, platelets, hemostatic mechanisms, and immunology, as 
well as major developments in clinical laboratory diagnosis and 
blood banking. 


Manuscripts are accepted for consideration on the condition 
that they are contributed solely to BLOOD. No substantial part of 
a paper may have been or may be published elsewhere, except for 
an abstract of 500 words or less. Manuscripts will be critically 
reviewed by the Editor or an Associate Editor with appropriate 
independent referees drawn from the Editorial Board and other 
experts. Acceptance of papers for publication is based upon the 
originality of the observation or investigation, the quality of the 
work described, and the clarity of the presentation. Papers will 
ordinarily be published in the order in which they 
are finally accepted for publication and not in the order of 
submission. Acknowledgments to other investigators for advice 
or data must be substantiated by written authorization specifi- 
cally granting permission to authors. 


Concise Reports: BLOOD will consider for rapid editorial 
review and decision Concise Reports of original investigations of 
scientific importance within the broad discipline of hematology. 
The value to the scientific readership of rapid publication is a 
criterion for acceptance of Concise Reports. Such manuscripts 
must represent original and definitive studies and include ade- 
quate description of experimental methods, documentation of 
findings, and references to the literature. No case studies, 
methods papers, or preliminary reports will be considered. The 
Editors will provide decisions on such manuscripts within three 
weeks of receipt at the BLOOD Office. These decisions may not 
be accompanied by detailed reviewers’ comments such as are 
returned with manuscripts handled in the ordinary manner. 
Request for consideration as a Concise Report should be made in 
the author's covering letter upon submission. Concise Reports 
cannot exceed ten typed pages, including tables, figures, and 
references (count two graphs or one photomicrograph as a typed 
page). Papers exceeding the ten-page limit will be delayed while 
the author is being contacted. Papers not accepted for rapid 
publication as Concise Reports may be resubmitted for consider- 
ation as regular manuscripts. 


Letters to the Editor: Letters to the Editor are welcomed and 
will be published if appropriate. They should be typewritten, 
double spaced, and generally should be no more than two 
typewritten pages in length. 


Editorials, Brief Reviews: Editorials and Brief Reviews may 


be solicited by the Editors. These manuscripts must be prepared 


in a manner appropriate for other papers and will be reviewed as 
are original articles submitted for consideration. 


Authors must accept the responsibility of conforming to the 
instructions in ‘Information for Contributors.” Articles, edito- 
rials, letters to the editor, and other text material in BLOOD 
represent the opinions of the authors and do not reflect the 
opinions of The American Society of Hematology, the publisher, 
or the institution with which the author is affiliated, unless the 
contrary is specified. 

Authors submitting a manuscript do so with the understand- 
ing that if it is accepted for publication, copyright in the article, 
including the right to reproduce the article in all forms and media, 
shall be assigned exclusively to the Publisher. To comply with US 
copyright law and the requirements of the insurance carrier, 
authors of accepted manuscripts and letters will be requested to 
sign a copyright release form. The Publisher will not refuse any 
reasonable request by the author for permission to reproduce any 
of his or her contributions to the journal. 


Submit papers, with a $50.00 {in US funds) check, money 
order, or institutional purchase order to cover the cost of manu- 
John W. Adamson, MD, Editor 
BLOOD 
University District Building—-Room 410 
1107 NE 45th St 
Seattle, WA 98105 
{206) 545-8080 


All checks and money orders must be marked with the first 
author's name, in order to avoid delay in processing. Receipt of a 
manuscript will be acknowledged by a card bearing the narne of 
the Editor or Associate Editor who is assigned responsibility for 
the review process. All correspondence concerning the manu- 
script should be addressed to the Editor or Associate Editor. 
Effective January 1, 1987, all manuscripts submitted to BLOOD 
and subsequently accepted for publication will be assessed a 
$50.00 charge per published page. This charge is necessary to 
offset the increasing costs of publication. 


script handling, to: 


Papers reporting human experimentation will be reviewed in 
accordance with the precepts established by the Helsinki Decla- 
ration. Copies of this declaration may be obtained by writing to 
the American Medical Association, 535 N Dearborn St, Chicago, 
IL 60610. Such papers must include a statement that the human 
investigations were performed after approval by a local Human 
Investigations Committee and in accord with an assurance filed 
with and approved by the Department of Health and Human 
Services where appropriate. 


All manuscripts dealing with recombinant DNA research must 
include a description of the physical and biologic containment 
procedures practiced, in accord with the National Institutes of 
Health Guidelines for Research Involving Recombinant DNA 
Molecules. The Editors of BLOOD will assume that the authors of 
research papers published in BLOOD are prepared to distribute to 
bona fide academic investigators exclusively for their own 
research any clone of cells or DNA used in the experiments. 


(Continued on following page) 
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{Continued from preceding page) 
PREPARING THE MANUSCRIPT 


The original and two complete copies of the manuscript 
{including letters to the Editor) must be submitted. Manuscripts 
must be typewritten, double or triple spaced on good quality 
8y:-by-11-inch white paper with margins of at least one inch. 
Please do not use erasable bond. 

The first page of the manuscript should contain the following 
information: (1) title of the paper; (2) authors’ names; (3) name 
of institution in which work was done; (4) acknowledgments for 
research support; (5) name and address of the author to whom 
communications regarding the manuscript should be directed. 

The second page should contain an abstract of 200 words or 
less, summarizing the reason for the study, the methods used, 
the results, and the major conclusions. Do not include a summary 
at the end of the paper. 


PREPARING ILLUSTRATIONS AND TABLES 


Tables and illustrations must be cited in order in the text using 
arabic numerals. All line drawings should be submitted as clear, 
glossy, black and white photographs. Hand-drawn or hand- 
lettered illustrations are unacceptable. Legible copies may be 
used only with the duplicate manuscripts. Photomicrographs and 
other photographic illustrations must be submitted in triplicate; 
photocopies of photographs and line drawings are not accept- 
able. The name of the first author, figure number, and designation 
of the top of the illustration should be marked on the back of each 
illustration with a soft lead pencil. Authors should avoid mounting 
illustrations on boards unless mounting is necessary to insure 
proper placement. Legends for illustrations should be typewrit- 
ten, double spaced, on a separate sheet, and included at the end 
of the manuscript. A legend must accompany each illustration. 
Contributors will pay all charges involved in processing and 
printing of color photographs. 

Figures, especially charts, graphs, and line drawings, are 
generally reduced in size for publication (consult a recent issue of 
the journal for examples). To maintain legibility it is important 
that all numbers, letters, and symbols be large enough originally 
so that when reduced they will remain at least yu inch (2 mm) 
high (ie, approximately the same size as used for this line of type). 
Figures not properly prepared will have to be returned to the 
contributor for revision or will be relettered by the printer and the 
cost charged to the contributor. 

Each table should be typed on a separate sheet and appropri- 
ately numbered. Table legends should be typed on the same 
sheets as the tables. 

Failure to comply with the specifications for preparing illustra- 
tions and tables may result in a delay of the review process. 


REFERENCES 


References should be compiled at the end of the article 
according to the order of citation in the text. They should be 
typewritten, double spaced, under the heading REFERENCES. 
Abbreviations for titles of medical periodicals should conform to 
those used in the latest edition of index Medicus. (A ‘‘List of 
Journals Indexed in Index Medicus” —with abbreviations—-is 
obtainable from the Superintendent of Documents, US Govern- 
ment Printing Office, Washington, DC 20402, at a modest 
charge.) Name all authors. Supply only first page number for each 
reference. References to abstracts and letters must be identified 
as such. 


INFORMATION FOR CONTRIBUTORS 


Personal communications and references to publicatiens in 
press by authors other than those submitting the paper must be 
substantiated by a letter from the investigator(s) concerned 
confirming the data or observations and granting the authors 
permission to cite the material. 


EXAMPLES OF REFERENCES 


Journal article, one or more authors: 

1. Golomb HM, Vardiman J, Sweet DL, Simon D, Varia- 
kojis D: Hairy cell leukemia: Evidence for the existence of a 
spectrum of functional capabilities. Br J Haematol 38:161, 
1978 
Journal article, in press: 

2. O'Malley JE, Eisenberg L: The hyperkinetic syndrome. 
Semin Psychiatry (in press) 

Complete book: 

3. Lillie RD: Histopathologic Technic and Practical Histo- 
chemistry (ed 3). New York, Blakiston, 1965, p 39 
Chapter of book: 

4. Moore G, Minowada J: Human hemopoietic cell lines: A 
progress report, in Farnes P (ed): Kernic Cells in Vitro, vol 4. 
Baltimore, Williams & Wilkins, 1969, p 100 
Chapter of book that is part of published meeting: 

5. Natvig JB, Kunkel HG, Gedde-Dah! T Jr: Genetic studies of 
the heavy chain sub-groups of G globulin, in Killander J (ed): 
Gamma Globulins, Proceedings of the Third Nobel Symposium. 
New York, Wiley, 1967 
Chapter of book that is part of unpublished meeting: 

6. Polliak A: A morphologic study of the lymphoproliferative 
lesions induced by excess vitamin A. First Meeting, Eurepean 
Division, international Society of Hematology, Milan, 1971, p 
181 
Abstract: 

7. Curnutte JT, Karnovsky ML, Babior BM: Manganese- 
dependent NADPH oxidation by a particulate preparation from 
guinea pig granulocytes: An alternative interpretation. Clin Res 
23:271A, 1975 (abstr) 

Letter to the Editor: 

8. Seeler RA: Sickle cell anemia monthly variations. Blood 

47:879, 1976 (letter) 


PROOFREADING 


Contributors are provided with galiey proofs and are asked to 
proofread them for typesetting errors. Important changes in data 
are allowed, but authors will be charged for excessive alterations 
in proof. Galley proofs should be returned within 48 hours. 


REPRINTS 


Reprints of articles can be furnished to contributors when 
ordered in advance of publication. An order form, showing cost of 
reprints, is sent with proofs. Individuals wishing to obtain reprints 
of an article that appeared in BLOOD can do so by contacting the 
author at the address given in the journal. 


ANNOUNCEMENTS 


Announcements of meetings, conferences, and the like that 
are of interest to the readership of BLOOD should be sent to the 
Editor at least three months before the first day of the month of 
issue. Fees for announcements vary, depending on their size and 
the number of issues involved. Prices may be obtained by 
contacting the BLOOD office. 
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Coulter immunology can help you solve the puzzle. With the broadest line of monoclonal 4 
bodies, Coulter Immunology provides the tools to solve the puzzle of immune-rel 
disorders. We bring you vital pieces like 2H4 and 4B4, for which there are no eq 
lents. The inducer of help (T4+4B4-+ ) and inducer of suppression (T4+2H 
are functionally unique subsets of the T4 helper cells. These are availab 
fluorescein and phycoerythrin derivative conjugates for multiple c 
analysis. Ask us for references on these unique antibodies tha 
being used to characterize disease states, such as SLE, 
rheumatoid arthritis, and AIDS. Our broad line includes mq 
clonals for both Tand B lymphocytes, monocytes, natural killer c 
specific activation markers, isotypic controls, and support prod 
We have the pieces you're looking for today. Look for our new COU 
CLONE® monoclonal antibodies to B cell activation antigens coming 


To order, call 1-800-327-3778 or 1-800-432-6518, Ext. 6880 from Flo 
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GRUNE & STRATTON, INC. 


New in 1987! 


ACUTE REVASCULARIZATION 
OF THE INFARCTED HEART 


Edited by 
J. G. Reves, M.D. 


Professor of Anesthesiology 

Director, Division of Cardiothoracic Anesthesia 
Duke University Medical Center 

Durham, North Carolina 


1987, 112 pp., $27.50/ISBN: 0-8089-1870-2, Order Code: 793531 








Acute Revascularization of the Infarcted Heart presents 
the scientific basis for interventional therapy in patients with 
acute myocardial infarction. 

The text’s authoritative coverage is based on the new and 
unique concept of aggressive intervention. The opening 
chapter describes the scientific foundations for reperfusion. 
The role of surgical management and the use of emergency 
angioplasty for acute myocardial infarction are detailed. The 
anesthesiologist’s role in the reperfusion of the acute 
myocardial infarction is also presented. 

Cardiologists, cardiac surgeons, general practitioners, and 
anesthesiologists will appreciate the detailed coverage in 
this new book. The modes of intervention included and the 
presentation of results put Acute Revascularization of the 
Infarcted Heart in the forefront of current literature. 








CONTENTS: John H. Tinker, The Scientific Foundations for Reperfusion of the Acutely Ischemic Myocar- 
dium. Richard S. Stack, The Management of Acute Myocardial Infarction Using Emergency Angioplasty. | 
Robert A. Kates, Russell Hill, and J. Gerald Reves, Reperfusion of the Acute Myocardial Infarction-The Role of 
Anesthesia. Robert A. Guyton, David A. Langford, Joseph M. Arcidi, Jr., Deuglas C. Morris, Henry A. Liber- 
man, and Charles R. Hatcher, Intervention in Acute Myocardial Infarction: The Role of Surgical Management. 
Index. 
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Monday-Friday between 8:00 a.m. and 4:30 
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A new rapid publication journal 
for workers in clinical laboratory science 


CLINICAL CHEMISTRY AND ENZYMOLOGY 
QMMUNICATIONS 


Managing Editor: Giorgio Federici 


Department of Biology, University of Rome “Tor Vergata”, 
Via Orazio Raimondo, Roma 00173, Italy 


Call for Papers 


Aims and Scope 


Clinical Chemistry and Enzymology Communications aims to fill the need for rapid 
publication of new clinically based research in chemistry and enzymology relating to the 
diagnosis of human disease. It will feature papers, short communications and reviews on 
new findings and research. The journals main areas of interest are enzymology. 
metabolism, toxicology. immunology, hematology, and analysis of body fluids or 
tissues. It will also publish papers on the development of new techniques and infor- 
mation about software for use in the laboratory. 


Board of Editors 
A. Burlina, Regional Centre for Clinical Enzymology, University of Padova, Via N. Guistiniani 2, 
35128 Padova, Italy 
W. Hohenwallner, Central Laboratory. Krankenhaus IV, Langgasse 16, 4010 Linz, Austria 
E. Ishikawa, Department of Biochemistry, Medical College of Miyazaki, Kyotake, Miyazaki 
889-16, Japan 
K. Okuda, Department of Laboratory Medicine, Osaka City University Medical School, Abeno, 
Osaka 545, Japan 
G. Siest, Centre du Medicament, UA CNRS 597, 30 rue Lionnois, 54000 Nancy, France 


An Invitation to Contribute 


The editors welcome the submission of communications in accordance with the aims and 
scope of the journal. Notes for Contributors may be obtained either from the editors or 
directly from Harwood Academic Publishers. Communications may be submitted to 
any member of the Board of Editors, or directly to the Managing Editor, who will 
arrange for their consideration. 


First issue due early 1988 


Harwood Academic Publishers 
P.O. Box 197, London WC2E 9PX, UK © P.O. Box 786 Cooper Station, New York, NY 10276, USA 





Radiogenic 
mucositis or 
herpes 
simplex?..........» 


Early intervention can prevent or reduce 
HSV complications 


A high percentage of immunocompromised patients are at risk for 
developing HSV infections. Timely therapy with an antiviral agent 
can avoid the incidence of secondary complications, such as visceral 
dissemination, and prolonged hospital stay. 

Appearances may be deceiving 

Both slides are herpes simplex. In immunocompromised patients, 
mucositis and stomatitis that appear to result from radiation 
therapy or immunosuppression may actually be caused by herpes 
simplex. Differential diagnosis can be problematic, but appropriate 
laboratory tests can aid in the determination. 

There is an effective therapeutic agent available 


ZOVIRAX LV. stops viral replication, speeds healing, and reduces 
pain. It is effective antiviral therapy for treatment of herpes 
simplex viral infections. 


ZOVIRAX IV 


(acyclovir sodium) 
STERILE POWDER /IV. INFUSION 


When the problem begins with a virus, 
end it with an antiviral. 


Please see following page for brief summary of prescribing information. 





Both slides are herpes simple 
You may be surprised, 

but especially in 
immunocompromised patients| 
it is often difficult to 


ë 
presentation, and is easily 


misjudged. 


ZOVIRAX IV 


acyclovir sodium) 


STERILE POWDER /IV. INFUSION 


ZOVIRAX® 1.V. INFUSION (acyclovir sodium) sterile powder 
FOR INTRAVENOUS INFUSION ONLY 


INDICATIONS AND USAGE: Zovirax Sterile Powder is indicated for the treatment of initial and recurrent 
mucosal and cutaneous Herpes simplex (HSV-1 anc HSV-2) infections in immunocompromised adults 
and children. It is also indicated for severe initial clinical episodes of herpes genitalis in patients who 
are not immunocompromised 

These indications are based on the results of several double-blind, placebo-controlled studies 
which evaluated the drug's effect on virus excretion. complete healing of lesions, and relief of pain 


Herpes Simplex Infections in Immunocompromised Patients 

A multicenter trial of Zovirax Sterile Powder at a dose of 250 mg/M? every 8 hours (750 mg/M2/day) 
for 7 days was conducted in $7 immunocompromised patients with oro-facial, esophageal, genital 
and other localized infections (50 treated with Zovirax and 47 with placebo). Zovirax significantly 
decreased virus excretion, reduced pain, and promoted scabbing and rapid healing of lesions 123 


Initial Episodes of Herpes Genitalis 

A controlled trial was conducted in 28 patients with severe initial episodes of herpes genitalis with 
a Zovirax dosage of 5 mg/kg every 8 hours for 5 cays (12 patients treated with Zovirax and 16 with 
placebo}. Significant treatment effects were seen in elimination of virus trom lesions and in reduction 
of healing times.4 

In a similar study, 15 patients with initial episodes of genital herpes were treated with Zovirax 
5 mg/kg every 8 hours for 5 days and 15 with placebo. Zovirax decreased the duration of viral excretion, 
new jesion formation, duration of vesicles and promoted more rapid healing of all lesions 5 
Diagnosis 

The use of appropriate laboratory diagnostic procedures will help to establish the etiologic 
diagnosis. Positive cultures for Herpes simplex virus offer a reliable means for confirmation of the 
diagnosis. In initial episodes of genital herpes, appropriate examinations should be performed to rule 
out other sexually transmitted diseases. Whereas cutaneous lesions associated with Herpes simplex 
infections are often characteristic, the finding of multinucleated giant cells in smears prepared from 
lesion exudate or scrapings may assist in the diagnosis.® 


CONTRAINDICATIONS: Zovirax Sterile Powder is contraindicated for patients who develop hypersensi- 
tivity to the drug. 


WARNINGS: Zovirax Sterile Powder is intended for intravenous infusion only, and should not be 
administered topically, intramuscularly, orally, subcutaneously or in the eye. Intravenous infusions 
must be given over a period of at least 1 (one) hour to prevent renal tubular damage (see PRECAUTIONS 
and DOSAGE AND ADMINISTRATION}. 


PRECAUTIONS: 
General: The recommended desage, frequency and length of treatment should nat be exceeded (See 
DOSAGE AND ADMINISTRATION} 

Although the aqueous solubility of acyclovir socium (for infusion! is > 100 mg/ml. precipitation of 
acyciovir crystals in renal tubules can occur if the maximum solubility of free acyclovir (2.5 mg/ml at 
37°C in water} is exceeded or if the drug is administered by bolus injection. This complication causes a 
rise in serum creatinine and blood urea nitrogen (BUN), and a decrease in renal creatinine clearance. 
Ensuing renal tubular damage can produce acute renal failure. 

Abnormal renal function (decreased creatinine clearance) can occur as a result of acyclovir 
administration and depends on the state of the patient's hydration, other treatments, and the rate of 
drug administration. Bolus administration of the drug leads to a 10% incidence of renal dysfunction, 
while in controlled studies, infusion of 5 mg/kg (250 mg/M) over an hour was associated with a lower 
frequency ~ 4.6%. Concomitant use of other nephrotoxic drugs, pre-existing renal disease, and 
dehydration make further renal impairment with acyclovir more likely. in most instances, alterations of 
renal function were transient and resolved spontareously or with improvement of water and electrolyte 
balance, drug dosage adjustment or discontinuation of drug administration. However, in some 
instances, these changes may progress to acute renal failure 

Administration of Zovirax by intravenous infusion must be accompanied by adequate hydration 
Since maximum urine concentration occurs within the first 2 hours following infusion, particular 
attention should be given to establishing sufficient unine flow during that period in order to prevent 
precipitation in renal tubules. 

When dosage adjustments are required they should be based on estimated creatinine clearance 
{See DOSAGE AND ADMINISTRATION} 

Approximately 1% of patients receiving intravenous acyclovir have manifested encephalopathic 
changes characterized by either lethargy, obtundation, tremors, confusion, hallucinations, agitation, 
seizures or coma, Zovirax should be used with caution in those patients who have underlying 
neurologic abnormalities and those with serious renal, hepatic, or electrolyte abnormalities or 
significant hypoxia. It should also be used with caution in patients who have manifested prior 
neurologic reactions to cytotoxic drugs or those receiving concomitant intrathecal methotrexate or 
interferon, 

Exposure of HSV isolates to acyclovir in vitro can lead to the emergence of less sensitive viruses, 
These viruses usually are deficient in thymidine kinase (required for acyclovir activation} and are less 
pathogenic in animals. Similar isolates have been observed in 6 severely immunocompromised 
patients during the course of controlled and uncontrolled studies of intravenously administered 
Zovirax. These occurred in patients with congenital severe combined immunodeficiencies or following 
bone marrow transplantation. The presence of these viruses was not associated with a worsening of 
clinical diness and, in some instances, the virus disappeared spontaneously. The possibility of the 
appearance of less sensitive viruses must be borne in mind when treating such patients. The 
relationship between the in vitro sensitivity of herpesviruses to acyclovir and clinical response to 
therapy has yet to be established. 


Drug interactions: Co-administration of probenecid with acyclovir has been shown to increase the 
mean half-lite and the area under the concentration-time curve. Unnary excretion and renal clearance 
were correspondingly reduced. Clinical experience has identified no other significant interactions 
resulting from administration of other drugs concomitantly with Zovirax Sterile Powder. 


Carcinogenesis, Mutagenesis, Impairment of Fertility. Acyclovir was tested in lifetime bioassays in 
rats and mice at single daily doses of 50, 15C and 450 mg/kg given by gavage. There was no 
statistically significant difference in the incidence of tumors between treated and control animals, nor 
did acyclovir appear to shorten the latency of tumors. In 2 ia vitro cell transformation assays, used to 
provide preliminary assessment of potential oncagenicity in advance of these more definitive lifetime 
bioassays in rodents, conflicting results were obtained. Acyclovir was positive at the highest dose used 


in one system and the resulting morphologically transformed cells formed tumors when inoculated inte 
immunosuppressed, syngeneic, weanling mice. Acyclovir was negative in another transformation 
system. 

No chromosome damage was observed at maximum tolerated parenteral doses of 100 mg/kg 
acyclovir in rats or Chinese hamsters; higher doses of 500 anc 1000 mg/kg were clastogenic in 
Chinese hamsters. In addition. no activity was found in a dominant lethal study in mice. In 9 of 11 
microbial and mammalian cell assays, no evidence of mutagenicity was observed. In 2 mammalian 
cell assays (human lymphocytes and L5178Y mouse lymphoma cells in vitro), positive responses for 
mutagenicity and chromosomal damage occured, but only at concentrations at least 25 times the 
acyclovir plasma levels achieved in man. 

Acyclovir does not impair fertility or reprodection in mice at oral doses up to 450 mg/kg/day. In 
female rabbits treated subcutaneously with acyclovir subsequent to mating, there was a statistically 
significant decrease in implantation efficiency but no concomitant decrease in litter size at a dose of 
50 mg/kg/day. 

Pregnancy: Teratogenic Effects. Pregnancy Category C. Acyclovir was not teratogenic in the mouse 
(450 mg/kg/day, p.o), rabbit (50 mg/kg/day, sæ.) or rat (50 mg/kg/day, s.c). 

Although maximum tolerated doses were tested in teratology studies, the plasma levels obtained 
did not exaggerate maximum plasma levels that might occur with clinical use of intravenous acyclovir. 

There have been no adequate and well-controlled studies in pregnant women. Acyclovir should be 
used during pregnancy only if the potential besefit justifies the potential risk to the fetus. 

Nursing Mothers: ft is not known whether thisdrug is excreted ir human milk. Because many drugs 
are excreted in human milk, caution should 3e exercised wher Zovirax (acyclovir sodium) sterile 
powder is administered to a nursing woman, 


ADVERSE REACTIONS: The most frequent adverse reactions reported during controlled clinical trials of 
Zovirax in 64 patients were inflammation or pllebitis at the injection site following infiltration of the 
LV. fluid in 9 (14.0%), transient elevations of serum creatinine in 3 (4.7%), and rash or hives in 3 
(4.7%). Less frequent adverse reactions were diaphoresis, hematuria, hypotension, headache and 
nausea, each of which occurred in 1 patient (1.6%). Of the 63 patients receiving placebo, 3 (4.8%) 
experienced inflammation/phiebitis and 3 (4.8%) experienced rash or itching. Hematuria and nausea 
were experienced by placebo recipients at the same frequency, 

Among 51 immunocompromised patients, one, a bone marrow transplant recipient with pneumo- 
nitis, developed seizures, cerebral edema, coma and expired with changes consistent with cerebral 
anoxia on postmortem biopsy. another immunocompromised patient exhibited coarse tremor and 
clonus. 

Additional adverse reactions were reported in uncontrolled trials. The most frequent adverse 
reaction was elevated serum creatinine. This occurred in 9.8 percent of patients, usua‘ly following 
rapid (less than 10 minutes) intravenous infus:on. Less frequent adverse experiences were thrombocy- 
tosis and jitters, each in 0.4% of patients. 

Approximately 1% of patients receiving intravenous acyclovir have manifested encephatopathic 
changes characterized by either lethargy, obtundation, tremors, confusion, hallucinations, agitation. 
seizures or coma {see PRECAUTIONS). 


OVERDOSAGE: Overdosage has been reported following administration of bolus injections, or inappro- 
priately high doses, and in patients whose fluid and electrolyte balance was not properly monitored 
This has resulted in elevations in BUN, serum creatinine and subsequent renal failure. 

Precipitation of acyclovir in renal tubule: may occur wher the solubility (2.5 mg/ml) in the 
intratubuiar fluid is exceeded (see PRECAUTIONS). A six hour hemodialysis results in a 60% decrease 
in plasma acyclovir concentration. Data concerning peritoneal dialysis are incomplete but indicate 
that this method may be signiicantly less efficient in removing acyclovir from the blood. in the event af 
acute renal failure and anuria, the patient may benefit from hemodialysis until rena! function 15 
restored (see DOSAGE AND ADMINISTRATION}. 


DOSAGE AND ADMINISTRATION: CAUTION — RAPID OR BOLUS INTRAVENGUS AND INTRAMUSCULAR 
GR SUBCUTANEOUS INJECTION MUST BE AVOIDED. 

Dosage: MUCOSAL AND CUTANEOUS HERPES SIMPLEX (HSV-1 and HSV-2) INFECTIONS IN IMMUNG- 
COMPROMISED PATIENTS —5 mg/kg infused at a constant rate over | hour, avery 8 hours 
{15 mg/kg/day) for 7 days in adult patients wth normai renal function. jn children under 12 years of 
age, more accurate dosing can be attained by nfusing 250 mg/M? at a constant rate over 1 hour, every 
8 hours (750 mg/M?/day} for 7 days. 

SEVERE INITIAL CLINICAL EPISODES OF HERPES GENITALIS —The same dose given above — 
administered for 5 days. 

Therapy should be initiated as early as possible following onset of signs and symptoms. 


PATIENTS WITH ACUTE OR CHRONIC RENAL IMPAIRMENT: Refer to DOSAGE AND ADMINISTRATION 
section for recommended doses, and adjust the dosing interval as indicated in the table below. 











Creatinine Clearance Dese Dosing interval 
(mi/min/1.73M2) (mg/kg} {hours} 
>50 5 8 
25-50 5 n 
10-25 5 24 
0-10 25 24 





Hemodialysis: For patients who require dialysis, the mean plasma half-life of acyclovir during 
hemodialysis is approximately 5 hours. This results in a 60% decrease in plasma concentrations 
following a & hour dialysis period. Therefore, the patient's dosing schedule should be adjusted so thata 
dose is administered after each dialysis. 


Method of Preparation: Each 10 mi vial contains acyclovir sodium equivalent to 500 mg of acyclovir. 
The contents of the vial should be dissolved in 10 ml of sterile water for injection or bacteriostatic water 
for injection containing benzyl alcohol yieldiag a final concentration of 50 mg/mi of acyclovir (pH 
approximately 11). Shake the vial well to assure complete dissolution before measuring and transfer- 
nng each individual dose. DO NOT USE BACTERIOSTATIC WATER FOR INJECTION CONTAINING PARA- 
BENS. It is incompatible with Zovirax Sterile Fowder and may cause precipitation. 
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4. Data on file, Burroughs Wellcome Co. 5. A. Mindel, et ai., Lancet 118274): 697-700, Mar. 27, 1982. 
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WARNING 

itis recommended that Blenoxane® be administered under the 
Supervision of a qualified physician experienced in the use of cancer 
chemotherapeutic agents Appropriate management of therapy and 
complications is possible only when adequate diagnostic and 
treatment facilities are readily available | 

Pulmonary fibrosis Is the most severe toxicity associated with 
Blenoxane. The most frequent presentation 1s pneumonitis occa- 
sionally progressing to pulmonary fibrosis. Its occurrence is higher 
in elderly patients and in those receiving greater than 400 units total 
dose. but pulmonary toxicity has been observed in young patients 
and those treated with jw doses i 

A severe idiosyncratic reaction consisting of hycotension, mentai 
confusion, tever, chills. and wheezing has been reported in 

approximately 1% of lymphoma patients treated with Blenoxane 








INDICATIONS: Bienoxane should be considerec a pailiative treat- 
ment. Ht has been shown to be useful in the management of the 
following neoplasms either as a single agent or i proven combina- 
tions with other approved chemotherapeutic agents 

Squamous Cell Carcinoma — Head and neck including mouth. 
tongue. tonsil. nasopharynx. oropharynx. sinus. palate, hp, buccal 
mucosa. gingiva, epiglottis. skin. larynx, penis, cervix, and vulva. The 
response to Blenoxane 1S poorer in patients with head and neck cancer 
previously irradiated 

Lymphomas — Hodgkin's. reticulum celt sarcoma, lymphosarcoma 

Testicular Carcinoma — Embryonal cell, checiocarcinoma. and 
teratocarcinama 


CONTRAINDICATIONS: Blenoxane is contraincicated in patients 
who have demonstrated a hypersensitive or an idiosyncratic reachon 
to it 


WARNINGS: Patients receiving Blenoxane must be observed 
carefully and frequently during and after therapy. It should be used 
with extreme caubon in patents with significant mpairment of renai 
function or compromised pulmonary funcbon 

Pulmonary toxicities occur in 10% of treated patients. In approx- 
imately 1%, the nonspecific pneumonitis induced by Bienoxare 
progresses to pulmonary fibrosis. and death Although this is age and 


dose related, the toxicity is unpredictable. Frequent roentgenograms 
are recommended 

idiosyncratic reactons similar to anaphylaxis have been reported in 
1% af lymphoma patients treated with Blenoxane. Since these usually 
occur after the first or second dose. careful monitoring is essential 
after these doses 

Renal or hepatic toxicity, beginning as a deterioration in renal or 
liver function tests. have been reported, infrequently. These toxicities 
may occur. however, at any time after initiation of therapy. 

Usage in Pregnancy: Safe use of Blenoxane in pregnant women has 
not been established 


ADVERSE REACTIONS: Pulmonary — This is potentiaily the most 
senous side effect. occurring in approximately 10% of treated 
patients The most frequent presentation is pneumonitis occasionally 
progressing to pulmonary fibrosis. Approximately 1% of patients 
treated have died of pulmonary fibrosis. Pulmonary toxicity is Doth 
dose and age-related, being more common in patients over 70 years of 
age and in those receiving over 400 units total cose. This toxicity, 
however, is unpredictable and has been seen occas-onally in young 
patients receiving low doses 

Because of lack of specificity of the clinical syndrome. the 
identification of patients with pulmonary toxicity due to Blenoxane has 
been extremely difficult. The earliest symptom associated with 
Blenoxane pulmonary toxicity is dyspnea. The earbest sign is fine 
rales 

Radiographically. Blenoxane-induced pneumonitis produces non- 
specific patchy opacities. usually of lower jung fieids. The most 
common changes in pulmonary function tests are a decrease in total 
lung volume and a decrease in vital capacity However, these changes 
are not predictive of the development of pulmonary fibrosis 

The microscopic tissue changes due to Bienoxane toxicity include 
bronchiolar squamous metapiasia, reactive macrophages. atypical 
alveolar epithelial celis, fibrinous edema. and interstitial fibrosis. The 
acute stage may involve capillary changes and subsequent tibrinous 
exudation into alveoli producing a change similar to hyahne membrane 
formation and progressing to a diffuse interstitial fibrosis resembling 
the Hamman-Rich syndrome. These microscopic findings are non- 
specific, e.g. similar changes are seen in radiation pneumonitis. 
pneumacystic pneumonitis 

To monitor the onset of pulmonary toxicity. roentgenograms of the 
chest shouid be taken every 1 to 2 weeks. If pulmorary changes are 
noted, treatment should be discontinued until it can be determined if 
they are drug related. Recent studies have suggested that sequential 
measurement of the pulmonary diffusion capacity tor carbon Monox- 
ide (DL,,} during treatment with Bienoxane may be an indicator of 
subclinical pulmonary toxicity. it is recommended that the DL, be 
monitored monthly if it is to be employed to detect pulmonary 
toxicities. and thus the drug shouid be discontinued when the OL. 


fads below 30 to 35% of the pretreatment value 

Because of bleorrycin’s sensitization of lung tissue, patients who 
have received bleomycin are at greater nsx of developing pulmonary 
toxicity when oxygen is administered at surgery. While long exposure 
to very high oxygen concentrations is a known cause of lung damage, 
after bleoryan administration, lung damage can occur at lower 
concentratians than usually would be considered safe. Suggested 
praventive measures are: 

(1 Maintaia FI Q, et concentrations approximately that of room air 

{25%} during surgery and the post-operative penod 
(2) Monito: carefui’y fluid replacement. focusing more on cotiod 

administvation rather than crystalloid 

idiosyncratic Reactions — in approximately 1% of the lymphoma 
patients treated with Bienoxane an idiosyncratic reaction, similar to 
anaphylaxis clinically, has been reported The reaction may be 
immediate or delayed for several hours, and usually occurs after the 
first or second dose. It consists of hypotension, mental contusion. 
fever chills and wheezing. Treatment is symptomatic including vol- 
ume expansion, pressor agents, antihistamines, and corticosteroids. 

integument and Mucous Membranes — These are the most 
frequent sige effects. being reported in approximately 50% of treated 
patients. These consist of erythema. rash. striae, vesiculation, 
hyperpigmentaton, and tenderness of the skin. Hyperkeratosis, naif 
changes, alopecia. pruntus, and stomatitis have also been reported. it 
was necessary to ciscontinue Bienoxane therapy in 2% of treated 
patients because of these toxicities 

Skin toxicity ts a relatively late manifestation usually developing in 
the 2nd anc 3rd week of treatment after 159 to 200 units of Blenaxane 
have been administered and appears to be related to the cumulative 
dese 

Other — Fever, chilis. and vomiting were frequently reported side 
effects. Anarexia and weight loss are common and may persist long 
after termination of the medication. Pain at tumor site, phlebitis. and 
otner iocal reactions were reported infrequently, 

There are isolated reports of Raynaud's phenomenon occurring in 
patients wah testicular carcinomas treated with a combination of 
Blenoxane and Velban®. It is currently unknown if the cause for the 
Raynaud's phenomenon in these cases is the disease, Blenoxane, 
Veiban, or a combination of any or ail of these 
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Heparin Binding Defect in a New Antithrombin III Variant: 
Rouen, 47 Arg to His 


By M.C. Owen, J.Y. Borg, C. Soria, J. Soria, J. Caen, and R.W. Carrell 


Antithrombin Hl (AT-Il) Rouen is a hereditary abnormal 
antithrombin with normal progressive inhibitory activity 
and reduced heparin cofactor activity. It was isolated from 
the plasma of a woman who suffered a sudden idiopathic 
sensorineural hearing loss and balance impairment. There 
was no familial history of thrombosis. By heparin-Sepha- 
rose chromatography, AT-Ill Rouen was separated from 
the normal antithrombin on elution with increasing concen- 
trations of NaCi, AT-HI Rouen eluted earlier than is normal 
at both pH 7.4 and pH 6.0. At the lower pH, the antithrom- 
bins bound more avidly to the column, with the abnormal 
AT-IH eluting closer to the normal than at the higher pH. 
Two-dimensional peptide mapping of tryptic and Staphylo- 


NTITHROMBIN HI (CAT-IED is a member of the 
serpin family of plasma protease inhibitors and is the 
major inhibitor of thrombin.’ It is activated by heparin to 
increase dramatically its association rate with thrombin.’ 
Reduced plasma AT-III activity predisposes to thromboem- 
bolic disorders. Conversely, as was seen with a unique 
mutation in a homologous protein, antitrypsin Pittsburgh, a 
high plasma antithrombin activity results in prolonged clot- 
ting times.’ Although many variants of AT-III have been 
reported, to date only three have been fully characterized. 
They are one of two types, corresponding to two major 
functional sites of AT-II]. The first and more common type 
involves amino acid substitutions in the heparin binding area 
such as are found with the variants, Toyama (47, Arg to 
Cys)‘ and Basel (41, Pro to Leu).* These mutations result in 
a decreased activation by heparin but do not affect heparin- 
independent or progressive thrombin inhibition. The second 
type are those that have substitutions in the reactive center 
loop as occurs in AT-HI Denver (394, Ser to Leu).° 

A heparin binding site involved in the mediation of the 
heparin activation of AT-IH appears to be located at residues 
41, 47, and 49.457 The nature and extent of the heparin 
binding site and the mechanism of activation of the molecule 
by heparin are not known. Neither is it known whether 
binding and activation are necessarily linked, ie, whether 
binding can occur without activation or vice versa. 

We describe in this article the characterization of a new 
AT- variant, AT-HHI Rouen, in which the arginine at 
residue 47 is replaced by a histidine. This variant binds 
heparin less avidly than is normal and is incompletely 
activated by it, but has normal heparin-independent 
activity, 
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coccus aureus V8 protease digests of carboxymethylated 
antithrombins was performed on thin-layer silica plates. 
The abnormal peptide was located by tryptophan staining. 
and amino acid analysis and sequence studies demon- 
strated a substitution of an arginine at residue 47 for a 
histidine. Results from this study suggest that replacement 
of arginine 47 by a partially positively charged histidine has 
less effect on the heparin binding affinity than does replac- 
ing it with a neutral cysteine side chain as in AT-IH Toyama, 
in which no heparin binding was observed. In addition, 
heparin binding per se is not a sufficient condition to 
activate AT-lil. 

è 1987 by Grune & Stratton, inc. 


MATERIALS AND METHODS 


Antithrombin-lil assays. The plasma concentration of im- 
munoreactive antithrombin was determined by the method of Lau- 
rell? Functional studies were performed, with and without heparin, 
using synthetic chromogenic substrates of thrombin and factor Xa, 
according to the method described by @degard and colleagues’ and 
Abildgaard and co-workers." In the actual procedure the reagent kit 
of Diagnostica Stago was used (Asniéres, France) with 0.3 mol/L of 
Tris pH 8.7 buffer containing 3 1U/mL of heparin. 

Heparin binding and activation of AT- Studies on the 
relationship between heparin binding to and activation of normal 
and abnormal AT-III] were performed with varying amounts of 
heparin using Chromozym TH (Boehringer, Mannheim, FRG) 
substrate in phosphate-buffered NaCl buffers at pH 7.4 at isotonic, 
two times isotonic, and four times isotonic ionic strengths. Typically, 
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to 600 uL of buffer containing 0.1 U, 5.0 U, or 50 U of heparin 
(mucous, Evans Medical, Liverpool, UK) and 0.5 uL of plasma 5 uL 
of thrombin was added (Parke Davis, Detroit, MI; topical bovine, 
diluted 15 uL to | mL). This was allowed to react for 20 minutes; 25 
ul of substrate 5 mg/mL was then added, and the increase in 
absorbance at 405 nm was monitored. 

Purification of AT-HH. AT- was isolated on heparin-Sepha- 
rose as described by McKay."' Typically, to 100 mL of plasma was 
added 1 mL each of 5 mol/L of CaCl, solution and 10% dextran 
sulphate (mol wt 500,000) solution. The supernatant was loaded 
onto a heparin-Sepharose column (1.5 x 30 cm), which was equili- 
brated with a buffer of 0.05 mol/L of Tris, 0.01 mol/L of citrate, 
and 0.15 mol/L of NaCl pH 7.4. The antithrombins were eluted with 
a linear NaCl gradient to 1.5 mol/L. Further purification was 
accomplished by ion-exchange chromatography on diethylamino- 
ethyl (DEAE)-Sephadex A50 in 0.1 mol/L of Tris, 0.1 mol/L of 
NaCl pH 8.6, using a linear NaCl gradient to 0.45 mol/L. 

Heparin-antithrombin binding at pH 6.0. The comparative 
binding to heparin-Sepharose of normal AT-IH and Rouen at pH 7.4 
and at pH 6.0 was investigated. The conditions above were used for 
the pH 7.4 experiment; however, at pH 6.0, a buffer consisting of 
0.01 mol/L of sodium citrate and 0.01 mol/L of EDTA pH 6.0 was 
used. 

Electrophoresis on agarose and sodium dodecyl sulfate poly- 
acrylamide gels. Electrophoresis was carried out on 1% agarose 
gel at pH 8.6 in 0.075 mol/L of barbital buffer and at pH 6.0 in 0.01 
mol/L of sodium citrate and 0.01 mol/L EDTA as described by 
Johansson.’? Molecular weights were determined by electrophoretic 
mobilities in 7.5% sodium dodecyl sulfate (SDS) polyacrylamide 
gels according to the method of Laemmli.” 

“C.Carboxymethylation and proteolytic digestion. Typically, 5 
mg of AT-ILL was dissolved in | mL of 0.3 mol/L of Tris pH 8.0 in 8 
mol/L of urea. Ten microliters of dithiothreitol (10 mg/mL) suffi- 
cient to give a 2 molar excess over the thiol groups of AT-HI was 
added, and the solution was flushed with nitrogen and left at room 
temperature for 5 hours. Five microcuries of C-iodoacetic acid 
(Amersham, Buckinghamshire, UK) was added, followed 30 min- 
utes later by a three fold excess of nonradiolabeled iodoacetic acid 
(0.4 mg). After a further 30 minutes, the labeled protein was 
dialyzed against distilled water. 

Tryptic digestion was performed at pH 8.6 in 0.1 mol/L of 
ammonium bicarbonate with trypsin at 37°C for 2 hours. Digestion 
with Staphylococcus aureus V8 protease was made at pH 7.8 in 0.1 
mol/L of ammonium bicarbonate for 18 hours at 37°C. 

Peptide mapping. Essentially, the method of Powers and col- 
leagues'* was followed. Baker-flex (J.T. Baker Chemical, Phillips- 
burgh, NJ) silica gel 1B plastic backed 20 x 20 cm plates with a 
layer thickness of 200 um were prewashed by being chromato- 
graphed overnight in pH 6.4 electrophoresis buffer, pyridine:acetic 
acid:water (200:8:1,800). After being dried and reactivated at 
110°C for 30 minutes, 3 to 5 nmol of enzyme digest was loaded, and 
the plate was chromatographed overnight in n-propanol:ammonium 
hydroxide (7:3). The plate, after drying, was electrophoresed at pH 
6.4 at 500 V for 50 to 90 minutes. 

Peptides were located by being stained with fluorescamine (Hoff- 
mann-La Roche, Basel) or cadmium-ninhydrin, and the Ehrlich 
stain was used for tryptophan-containing peptides.’ “Carboxy- 
methyl-cysteine peptides were identified by autoradiography for 4 to 
8 days at — 80°C. 

Amino acid analysis was done on peptides located by fluoresc- 
amine.’® A small area (1 x 3 mm) of the silica from the central 
region of the peptide was scraped off, and the peptide was extracted 
in 2 x 25 ul. of pH 6.4 electrophoresis buffer and dried. After 
hydrolysis, the amino acids were derivatized with phenylisothiocya- 
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nate and analyzed according to the method of Bidlingmeyer'” by 
reverse-phase high-performance liquid chromatography (HPLC). 

HPLC peptide separations. Peptides were separated on a C-18 
column (Waters radial compression module) in 49 mmol/L of 
phosphate pH 2.9 and eluted with an increasing percentage of 
acetonitrile. Peptides were collected, dried over nitrogen, and further 
purified and desalted by rechromatographing using 0.1% trifluoro- 
acetic acid, eluting with an increasing acetonitrile concentration. 
Peptides thus isolated were used for sequence studies. 

Peptide sequencing. Peptides were sequenced using the gas 
phase sequencing method on a model 470A protein sequencer from 
Applied Biosystems; the PTH-amino acids were identified by 
HPLC.” 

Case report. A 40-year-old woman was admitted to the hespital 
because of sudden idiopathic sensorineural hearing loss and balance 
impairment. Laboratory studies showed that the plasma concentra- 
tion of immunoreactive AT-II} was normal (111% of normal pool), 
but the AT-IIE activity in the presence of heparin was reduced to 
55% of normal as measured with the chromogenic substrate CBS 
3447. Although there was no familial history of thrombosis, one of 
her two daughters, aged 14 years, also showed reduced AT-IH 
activity. 


RESULTS 


in both the propositus and her daughter, the heparin 
cofactor activities were significantly reduced, being 55% and 
62%, respectively, of a normal pool. The progressive anti- 
thrombin and anti-factor Xa activities were normal, as were 
the plasma antigenic levels of AT-IH determined by electro- 
immunoassay (Table 1). 

The results of heparin-Sepharose chromatography of the 
patients plasma at pH 7.4 and pH 6.0 (Fig 1) show 
heterozygosity for an antithrombin of decreased heparin 
binding affinity. Normal AT-HH eluted, at pH 7.4, with 0.8 
mol/L of NaCl, and the abnormal protein eluted with 
reduced heparin affinity with 0.45 mol/L of NaCl. At pH 
6.0, the normal AT-HI eluted with 1.1 mol/L of NaCl and 
the abnormal protein eluted with 0.9 mol/L of NaCl. Hence, 
the difference in NaC! eluting concentrations between the 
two AT-IIIs at pH 7.4 (0.35) is significantly higher than at 
pH 6.0 (0.2). 

The thrombin inhibitory activity at pH 7.4 of normal 
plasma and plasma from the propositus with varying 
amounts of heparin and ionic strength buffers is shown in Fig 
2. Under all conditions, the inhibitory activity of normal 
AT-IHI exceeded AT-HI Rouen. AF-HI Rouen activity was 
preferentially impaired by low levels of heparin and high 
ionic strengths as compared with normal AT-IIE. 

The mol wt of both proteins was identical at 56,000. 


Table 1. Antithrombin-ili Assays of Rouen Plasma Expressed as a 
Percentage of Normal Plasma 





Anti-tla Activity Anti-Xa Activity 








i Antigenic 
Hep Cof Progr Hep Cot Progr Level 
Chromogenic 
substrate CBS 3447 $2238 $2222 CBS 3139 
Propositus 55 wee 120 411 
Daughter 62 110 75 130 115 





Hep Cof, heparin cofactor; Progr, progression. 
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Elution Volume 


Fig1. Elution profile of heparin-Sepharose chromatography of 
patient's plasma (heterozygous) showing the resolution of AT-IIl 
Rouen from normal antithrombin-lll (AT-III) at pH 6.0 and pH 7.4. 
The proteins were eluted with an increasing linear NaCl gradient. 


Electrophoresis on agarose gel showed the abnormal AT-III 
to migrate more anodally than the normal AT-III at pH 8.6, 
however, but to migrate essentially with the normal protein 
at pH 6.0 (Fig 3). 

Numbers of peptide maps were prepared, and peptide 
analyses were performed to show only the one consistent 
difference, in peptides containing tryptophan 49. Maps of 
tryptic peptides revealed three tryptophan-containing pep- 
tides in the normal map but only two in the abnormal map. 
Amino acid analyses identified normal tryptic peptide 29 
(residues 223 through 226) in both maps, but the identity 
and composition of the other two tryptophan peptides could 
not be conclusively determined because of contamination by 
neighboring or superimposed peptides. The V8 maps, how- 
ever, gave two well-separated tryptophan peptides from both 
normal and abnormal proteins. A clear chromatographic 
shift and a minor electrophoretic shift had occurred in one of 
the peptides from the abnormal map. Amino acid analysis 
identified the peptide as residues 43 through 50 with, in the 
abnormal map, a histidine replacing one of the two arginines 


AT-Il ACTIVITY 
$ Normal 


Normal Rouen Normal Rouen Normal Rouen 
x — — 
ISOTONIC 2X -ISOTONIC 4X-ISOTONIC 


Fig 2. Antithrombin activity of control plasma containing only 
normal antithrombin-lll (AT-Ill) (normal AT-IIl) and patient's 
plasma heterozygous for normal and Rouen AT-III in isotonic, two 
times isotonic and four times isotonic (the inhibitory activity of 
patient's plasma was below measurable limits) buffers in the 
presence of 0.1, 5.0, and 50 U of heparin. Results are expressed as 
a percentage of normal AT-III activity, which is caculated as the 
average activity for the three heparin concentrations of normal 
AT-Ill in isotonic buffer. 
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pH 8-6 pH6-0 


Fig 3. Electrophoresis in agarose gel at pH 8.6 and pH 6.0 of 
purified normal antithrombin-Ill (AT-ill) (a), purified Rouen AT-III 
(b), and normal human serum (c). 


(Table 2). The sequence analysis of this peptide isolated by 
HPLC revealed that the arginine at residue 5 in the peptide 
was replaced by a histidine. This corresponds to position 47 
in the intact protein. 


DISCUSSION 


We report here a new variant of AT-III, AT-II] Rouen, 
that has decreased heparin binding affinity. The replacement 
of the normal arginine at position 47 by a histidine modifies 
the binding avidity for heparin at normal physiological pH. 
Whereas normal AT-III eluted with 0.8 mol/L of NaCl at 
pH 7.4, AT-III Rouen eluted at 0.45 mol/L of NaCl, a 
difference of 0.35 mol/L. At this pH, the histidine side chain 
would not be expected to be positively charged. This positive 
charge is likely to be restored to that which normally occurs 
with the arginine at position 47 when the pH is lowered to 
6.0, which is below the usual pK, of free surface histidine side 
chains in proteins.” This is demonstrated (Fig 3) by the 
electrophoresis at pH 6.0 at which the mobility of AT-III 
Rouen was essentially restored to that of the normal protein. 


Table 2. Amino Acid Analysis of Tryptophan-Positive V8 
Peptides (Arrows, Fig 5) 








Peptide Normal Rouen 
Asp 0.7 1.0 
Glu 1.0 3 
His 0.0 0.8 
Arg 1.9 0.9 
Thr 1.0 0.9 
Ala tt 1 
Val 0.8 07 





Yield/residue = 65 pmol. 
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The difference in binding affinities between the normal and 
Rouen at this pH is indicated by the decrease in elution 
concentration to 0.2 mol/L of NaCl with the normal eluting 
at 1.1 mol/L and Rouen eluting at 0.9 mol/L of NaCl. Both 
antithrombins bind more tightly to heparin at pH 6.0 as 
compared with pH 7.4. Indeed, AT-III] Rouen at pH 6.0 
binds even more avidly than the normal at pH 7.4. Clearly, 
the reduction in the pH increased the overall protonation of 
the antithrombins, resulting in a stronger ionic attraction to 
the negatively charged heparin. AT-HHI Rouen, having an 
extra protonizable residue moves closer to the normal hepa- 
rin affinity after the drop from pH 7.4 to 6.0. 

Yet, at pH 6.0, there still remains a difference in binding 
affinity between the protonated histidine 47 at AT-IH Rouen 
and the normal AT-III. Because AT-IHH Rouen has an 
electrophoretic mobility essentially indistinguishible from 
normal AT-IH at pH 6.0, incomplete protonation of the 
histidine seems unlikely. The results suggest that steric 
considerations are important and that heparin binding is not 
simply a charge effect. AT-III Toyama‘ is a mutant involv- 
ing this same residue, 47, but has arginine replaced by a 
cysteine. Like AT-II] Rouen, it has normal progressive 
activity but, although data were not given, Koide reported 
that AT-HI Toyama has a total loss of heparin binding 
activity. This is surprising since in AT-III Rouen heparin 
binding is not solely dependent on this one residue. The new 
cysteine in AT-IH Toyama forms a disulphide bond with free 
plasma cysteine,* and this may sterically block heparin 
binding. 

If the heparin binding of AT-HII to the Sepharose-linked 
heparin reflects the binding in vivo, it seems clear that under 
physiological conditions AT-III Rouen still binds heparin, 
albeit less avidly than normal, but puzzlingly is not com- 
pletely activated by the heparin. This raises the question of 


Fig 4. Theoretical projection of antithrombin-Ill (AT-IH) based 
on known structure of post-complex a,-antitrypsin [(A} mono; (B)} 
stereo]. Antithrombin has a flexible amino terminal tail of 45 
residues hinged near the heparin binding site Arg 47. Heparin has 
been suggested to interact with this tail to reveal the active center 
(deduced”*”" to be situated near Ser 394 in the intact molecule). 
The molecular model shows this to be unlikely because only seven 
residues of the tail are free to move from the cystine disulphide 
bond 8-128 allowing bridging of 27.2 A v the minimum 35.38 A 
(tine from 128 to 394). 
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whether heparin binding per se is a sufficient condition to 
activate the molecule. The experiment assessing the activities 
of normal AT-IH and AT-HH Rouen at pH 7.4 in varying 
ionic strength buffers, with differing amounts of heparin, 
showed (Fig 2) that under normal isotonic conditions the 
plasma heterozygous for Rouen antithrombin averaged 73% 
of the activity of normal, whereas in twice isotonic buffer this 
dropped to 59%. At four times isotonic strength, AT-III 
Rouen was not measurably activated by heparin even at high 
concentrations. By comparison, normal AT- was activated 
by the intermediate anc high heparin levels but only to 12% 
and 24%, respectively, of the levels seen in normal isotonic 
conditions. The effect on activity of varying the heparin 
concentration was seen most dramatically in the two-times 
isotonic buffer in which the activity of AT-IH Rouen 
increased 42% from low to intermediate heparin levels. 

Hence, there is a competition between the charged heparin 
molecule and the buffer ions for the charged binding site 
regions on the AT-III. The normal AT-IH with a greater 
heparin binding affinity can be fully activated with lower 
heparin levels than AT-II[ Rouen. Yet with high heparin 
levels and isotonic conditions, AT-II[ Rouen is not com- 
pletely activated by the heparin binding. A distortion ef the 
heparin binding site, although still enabling binding, may 
produce an effect distal to this site, resulting in misalignment 
of the heparin at some distant site and a consequent inability 
to activate the AT-IH. 

The mechanism of heparin activation of AT- is still 
unknown. Recent homology studies” of the family of inhibi- 
tors to which AT-IH belongs, the serpins, indicate that 
AT-IH has substantially the same secondary structure as 
a,-antitrypsin and hence has a similar tertiary structure. The 
crystallographic structure of post complex, cleaved, «,- 
antitrypsin as determined by Loebermann and colleagues”! is 
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shown in Fig 4, with the structure of AT-HI superimposable 
on it with only minor modifications. There must, however, be 
a significant structural difference between the two to explain 
the masking of inhibitory activity that occurs in AT-IH but 
not in a,-antitrypsin. The prime candidate is the N terminal 
tail of AT-III, which is longer than that of a,-antitrypsin and 
has minimal homology with it. Furthermore, the mutation in 
antithrombin Rouen at Arg 47 is just past the base of the tail 
and the beginning of the first (A) helix. The longer N 
terminal tail of AT-III is held in its position on the external 
surface of the molecule by two disulphide bridges. The first 
one bridges residue 8 of the tail to residue 128, which is 
residue 14 of the D helix. The second bridges residue 21 of 
the tail to residue 95, which is sandwiched between the last 
residue of helix B and the first residue of helix C. This means 
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that the N terminal tail must lie on the opposite side of the 
molecule to the deduced position of the reactive loop: thus, it 
is unlikely to shield directly or cover the reactive center of the 
molecule. 

Further studies of this mutant and molecular character- 
ization of variant antithrombins, particularly those of the 
class that have normal progressive activity but no heparin 
cofactor activity, should shed more light on the mechanism of 
heparin binding and activation of AT-IH. 
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Clinical Investigation of Human Alpha Interferon in 
Chronic Myelogenous Leukemia 


By Moshe Talpaz, Hagop M. Kantarjian, Kenneth B. McCredie, Michael J. Keating, Jose Trujillo, and Jordan Gutterman 


Fifty-one patients with previously untreated or minimally 
treated chronic myelogenous leukemia in chronic phase 
received human alpha interferon 3 to 9 x 10° units intra- 
muscularly (IM) daily until complete hematologic remission, 
then at doses ranging from 3 x 10° units every other day to 
9 x 10° units daily. Forty-one (80%) patients achieved a 
hematologic response, 36 (71%) of them attaining a com- 
plete hematologic remission with normal peripheral WBC 
and differential counts. Responding patients showed con- 
tinuous but slow normalization of several other blood and 
marrow parameters including platelet counts, serum lactic 
dehydrogenase and B12 levels, and marrow cellularity and 
maturation index. Suppression of the Philadelphia chromo- 
some on serial cytogenetic studies of marrow metaphases 
was documented in 20 of the 36 patients who achieved 
complete hematologic remission (56%; 39% of total group), 
eight of whom (22%) had a decrease of the Philadelphia 
chromosome-positive metaphases to less than 35%. These 
changes were persistent for 6 months or longer in 18 
patients, seven of whom had continuous suppression of the 


HRONIC myelogenous leukemia (CML) disease has a 
biphasic clinical course. The initial chronic phase is 
easily controlled with therapy and lasts for a median of 2 to 4 
years. This then evolves into a phase of resistant, rapidly 
fatal blastic crisis? Various therapies have resulted in 
significant but limited progress. The median survival after 
diagnosis has improved from 19 months for untreated 
patients’ to a range of 30 to 45 months for those receiving 
single agents such as myleran or hydroxyurea*’ and 45 to 55 
months for patients treated with intensive combination 
chemotherapy.” However, the progressive and ultimately 
fatal nature of CML has not been altered significantly: most 
patients still die from blastic crisis, with no consistent cure 
fractions recorded.'?"' Allogeneic bone marrow transplanta- 
tion is a promising approach in CML because of its curative 
potential, but its application and optimal timing are limited 
by donor availability, patient age, and the high incidence of 
morbidity and mortality in a disease that has a long chronic 








From the Departments of Clinical Immunology and Biological 
Therapy, Hematology, and Laboratory Medicine, The University of 
Texas M.D. Anderson Hospital and Tumor Institute at Houston. 

Submitted April 2, 1986; accepted November 11, 1986. 

Supported by a grant from the Interferon Foundation. Research 
conducted, in part, by the James E. Lyon Foundation and the 
Clayton Foundation for Research. Dr Gutterman is a Senior 
Clayton Foundation Investigator. 

Address reprint requests to Moshe Talpaz, MD, Clinical Immu- 
nology, Box 41, M.D. Anderson Hospital and Tumor Institute, 6723 
Bertner, Houston, TX 77030. 

The publication costs of this article were defrayed in part by page 
charge payment. This article must therefore be hereby marked 
“advertisement” in accordance with 18 U.S.C. §1734 solely to 
indicate this fact. 

© 1987 by Grune & Stratton, Inc. 

0006-497 1/87/6905-003083.00/0 


1280 


Philadelphia chromosome to less than 90% for a median of 
30+ months (range 21+ to 39+ months). After a median 
follow-up period of 37 months, 25 patients remain in 
continued disease control with interferon therapy. The 
projected 3 -year survival rate is 76%, with a yearly death 
rate of 6%, 9%, and 9% in the first 3 years. Response, 
Philadelphia chromosome suppression, and survival were 
significantly better among patients in the low-risk category 
compared to intermediate- and high-risk categories, as 
defined by a multivariate analysis-derived prognostic mod- 
el. The projected 3-year survival rate was 94% for patients 
who achieved a complete hematologic remission on inter- 
feron therapy and 45% for those who did not. Thirteen 
patients have developed blastic crisis, six with lymphoid 
and three with undifferentiated morphology. We conclude 
that human leukocyte alpha interferon effectively controls 
chronic myeloid leukemia and allows reappearance of 
diploid hemopoietic cells in some patients. 

e 1987 by Grune & Stratton, Inc. 


phase.’? These factors emphasize the need for new modalities 
to treat patients with CML. 

Interferons have opened new possibilities for managing 
patients with cancer. Human alpha interferon (IFN-a), 
produced by virus-stimulated leukocytes, has undergone 
extensive trials and has shown promising results in several 
tumor categories including hairy cell leukemia and renal cell 
cancer, ®U 

We have previously reported on our preliminary studies 
with IFN-e in CML showing its cytoreductive activity.” The 
activity of interferon in CML has also been documented 
recently using the pure recombinant alpha interferon materi- 
al.'? In this report we summarize our long-term results with 
the partially pure IFN-x in patients with Philadelphia chro- 
mosome-positive chronic-phase CML, evaluating efficacy 
and toxicity, describing the cytogenetic changes associated 
with therapy, and analyzing patterns of blast crisis, mortality 
rates, and overall prognosis. 


PATIENTS AND METHODS 


Between August 1981 and December 1984, 
51 patients with Philadelphia chromosome-positive chronic-phase 
CML entered the study after giving informed consent. All patients 
were advised of procedures and attendant risks, in accordance with 
institutional guidelines, and gave informed consent. Eligibility crite- 
ria required the presence cf less than 39% blasts in peripheral blood 
and bone marrow, absence of extramedullary disease, and minimal 
previous therapy. The patients’ characteristics are detailed in Table 
1. The median age was 42 vears (range 20 to 70 years), The majority 
of patients had received no therapy, and 20 had been treated with 
single-agent chemotherapy for periods of less than a month. Forty- 
six patients (90%) started therapy within six months after the 
diagnosis. The patients’ c.assification into low-, intermediate- and 
high-risk categories, based on a multivariate analysis model of 
pretreatment characteristics, was similar to that of the general CML 
population.” Forty-eight patientis had the common 9:22 balanced 
translocation. Among these, two had evidence of disease acceleration 
with cytogenetic clonal evolution: one had additional chromosomal 
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Table 1. Patient Population 








{Percent- 
Characteristics No. of Patients age) 

Total number 51 (100) 
Male sex 34 (67) 
Age 60 years or older 8 (16) 
Splenomegaly 36 (71) 
Hemoglobin < 12g/dL 29 (57) 
Platelet count > 700 x 10°/uL 13 (25) 
Peripheral WBC count > 50 x 10°/uL 32 (63) 
Peripheral blasts and promyelocytes 34 (67) 
Cytogenetic Pattern 

Translocation 9:22 only 46 (90) 

Other translocations 3 (6) 

Clonal evolution 2 (4) 
Prognostic category 

Low risk 22 (43) 

Intermediate risk 16 (31) 

High risk 11 (22) 

Not evaluable 2 (4) 
Previous therapy 

None 31 (61) 

Myleran or hydroxyurea 18 (35) 

Others 2 (4) 





material on the short arm of chromosome 16 (16p+) in 25% of 
the marrow metaphases; the other showed a balanced transloca- 
tion between the long arms of chromosomes 8 and 17 
{(t(8q~—:17q+)] in 30% of marrow metaphases. The remaining 
three patients had Philadelphia-like translocations with the cytoge- 
netic material being translocated between chromosomes 22 and 4 
[t(4q +;22q — )], chromosomes 22 and 6 [t(6q+:22q—)], and chro- 
mosomes 22, 9, and 11} [t(9q:11p:22q)] in each, respectively. 

Patient evaluation, Pretreatment evaluation included physical 
examination, complete blood counts (CBC),SMA 12, liver and renal 
function studies, determination of serum vitamin B12, lactic dehy- 
drogenase (LDH) and leukocyte alkaline phosphatase (LAP) levels, 
bone marrow aspiration and biopsy, cytogenetic studies with Giemsa 
banding,” chest roentgenograms, and liver-spleen scan. Other stud- 
ies were done as indicated by the patient's condition. Follow-up 
studies during the induction phase included physical examination 
and CBC two to three times weekly. After the cytoreductive results 
were observed, the frequency of studies was decreased to once every 
one to four weeks. A full workup, including bone marrow aspiration 
and biopsy, cytogenetic studies, vitamin B12 and LDH levels, LAP 
score and liver- spleen scan were done every 3 to 4 months during the 
first year and every 4 to 6 months thereafter. Serial cytogenetic 
studies were performed on at least 25 metaphases. If fewer than 25 
metaphases were present in a particular specimen, a repeat bone 
marrow examination was done within one month. A marrow matura- 
tion index was defined as the ratio of the percentage of myelocytes, 
metamyelocytes, and granulocytes to the percentage of blasts and 
promyelocytes. 

Treatment plan and dose modification. {nduction therapy con- 
sisted of daily intramuscular injections of IFN-a (State Serum 
Institute, Helsinki, Finland) given at doses ranging from 3 x 10° 
units to9 x 10° units daily until hematologic remission. For patients 
who achieved hematologic remission, the IF N-a dosage was reduced 
to levels varying from 3 x 10° units every other day to 9 x 10° units 
daily to maintain hematologic remission with a WBC count of less 
than 10,000/uL and a platelet count above 50,000/uL. Dosage 
modifications according to toxicity are detailed below. 
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Criteria for response, toxicity, and removal from study. Re- 
sponse criteria were defined as follows: 

Complete hematologic remission: This required normalization of 
peripheral WBC counts to levels lower than 10,000/uL and normal 
differentials with no immature forms (blasts, promyelocytes, myelo- 
cytes, or metamyelocytes); normalization of platelet counts to less 
than 450 x 10°/uL; and disappearance of all clinical symptoms and 
signs of disease, including palpable splenomegaly. Maximal suppres- 
sion of the Philadelphia chromosome was defined as four subgroups 
of (1) no cytogenetic response if the Philadelphia chromosome 
persisted in all analyzable metaphases, (2) minimal cytogenetic 
response if its expression was suppressed to percentages of 35% to 
95%, (3) partial cytogenetic response if suppression was to levels of 
S% to 34%, and (4) complete cytogenetic response if total elimina- 
tion of the Philadelphia chromosome was noted in marrow meta- 
phases. 

Partial hematologic remission: This category was defined as a 
decrease in the WBC counts to at least 50% of pretreatment level 
and to at least below 20,000/zL.; it included patients whose periph- 
eral WBC counts had become normal but who had persistent 
splenomegaly or immature peripheral cells. 

Failure: This group included all patients who had less than partial 
hematologic remissions. 

Toxicity: Toxic reactions were graded as mild, moderate, severe, 
and life threatening on a scale of | to 4 (Table 2). The dose of 
interferon was reduced by 50% in patients with grade 2 toxicity. If 
toxicity persisted or was grade 3 or higher, interferon therapy was 
discontinued temporarily until the toxic effects reverted to grade less 
than |. Grade 4 neurologic toxicity required permanent discontinua- 
tion of interferon. 

Criteria for removal from the study. These included (1) devel- 
opment of blastic crisis with 30% or more blasts in the bone marrow 
or peripheral blood or the development of extramedullary disease; 
(2) failure to respond to therapy as evidenced by a continuous 
increase in WBC count or less than 25% decrease in WBC counts 
from pretreatment levels over a period of 14 weeks: (3) an initial 
response followed by subsequent increase in WBC count to more 
than 40,000/uL, uncontrolled by continued interferon therapy (pa- 
tients with a cyclic peripheral leukocyte count pattern were con- 
tinued on therapy unless the WBC counts were consistently higher 
than pretreatment values): and (4) unacceptable toxic reactions as 
defined above. 

Statistical analysis. Survival and disease control duration 
curves were plotted by the method of Kaplan and Meier.” Disease 
control duration time was calculated from the date of start of 
therapy until development of resistance, toxicity, or blastic crisis. 
Tests of differences in survival distributions were based on a 
generalized Wilcoxon test.” Comparisons of differences among 
subgroups were made using chi-square tests for remission rates and 
degree of cytogenetic response. 


RESULTS 


Remission induction. All 51 patients in the study were 
evaluable with a median follow-up duration of 37 months. 
Induction therapy with IFN-a resulted in complete hemato- 
logic remission in 36 patients (71%). Five patients (10%) 
achieved a partial hematologic remission, three of these 
being classified as such because of persistent splenomegaly; 
and ten patients failed to improve (Table 3). 

All 36 patients who obtained complete hematologic remis- 
sion had, by definition, normalized peripheral WBC counts 
and differentials. The median time to achieve a complete 
hematologic remission was 14 weeks, with a range of 2 to 55 
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Table 2. Toxicity Criteria 
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Toxicity 


1 


2 


3 


4 





Fever, chills, infiuenza-like 
symptoms; bone and 


Self-limiting, no therapy 
needed 


Require antipyretics or 
anti-inflammatory 


Require narcotics and/or 
hospitalization 


Life threatening 


muscle aches agents 
Fatigue, performance sta- 
tus (Zubrod scale) 1 2 3 4 
Weight loss (Percentage 
of body weight} 0-5 6-10 11-15 > 15 
Renal function (creatinine 
in mg/100 mt) up to 2.5 >2.5 
Liver function 
Bilirubin (mg/100 mL) up to 2.5 >25 
SGOT (mU/mL) 300-600 » 600 
Neurologic Does not interfere with Moderate impairment of Severe impairment of ac- Coma, seizures, confu- 
daily activities or require activities, requires medi- tivities, requires discon- sion, parkinsonism, se- 
medical intervention cal therapy tinuation of interferon vere depression 
and medical therapy 
Hematologic 
Granulocyte count 
(per ul) 1,000-2,000 <1,600 
Platelet count 
(x 107/pL) 50-100 25-50 <25 





weeks. Two different patterns of response were observed. 
Twenty-six of the 36 patients (72%) had a steady gradual 
decline of peripheral counts and achieved remission after a 
median period of 9 weeks (range 2 to 28 weeks). The other 
ten patients (28%) manifested a cyclic pattern of response 
with WBC and platelet count in cycles of 4 to 8 weeks. 
Therapy induced lower peaks for WBC and platelet counts 
with each subsequent cycle; the median time to achieve 
remission in these patients was 26 weeks (range 8 to 55 
weeks). Twenty-four of the 36 patients had had palpable 
splenomegaly that disappeared on follow-up studies. The 
responses of patients in each prognostic category were com- 
pared and are shown in Table 3. 

Blood, marrow, and cytogenetic changes in patients who 
achieved complete hematologic remission. Changes in 
blood and marrow parameters in the first 2 years of therapy 
are shown for the 36 patients who achieved complete hema- 
tologic remission (Fig 1). Decline in WBC count was the 
earliest manifestation of response. Thrombocytosis with 


platelet counts of more than 500 x 10°/uL was present in 12 
patients (33%), six of them having counts higher than 800 x 
10°/uL. Platelet counts became normal in all responding 
patients. Subsequent increases in platelet as well as other 
parameters were noted among patients who failed after 
initial disease control, which accounts for the extreme values 
shown. 

Serial bone marrow studies revealed a gradual decrease in 
bone marrow cellularity and an increase in maturation index. 
Marrow changes lagged behind peripheral blood changes: 
marrow cellularity declined from a median of 100% to a 
median of 75%, and the maturation index increased from a 
median of 8.3 before therapy to a median of 26.0 at 12 
months (Fig 1). 

Return of cells with diploid karyotype were noted with 
continued IFN-a therapy on serial cytogenetic studies of 
bone marrow cells. Twenty of the responding patients (56%, 
or 39% of the total group) manifested evidence of suppres- 
sion of the Philadelphia chromosome on follow-up cytoge- 


Table 3. Results of IFN-a Therapy 








No. of Patients in Risk Category® (Percentage) 





Response Category Total 





Complete hematologic 


remission 36(7 1) 
Philadelphia status 
100% 16(31) 
35%-95% 12(24) 
5%-34% 3(6) (39% 
0% 5(10) 
Partial hematologic 
remission 5(10) 
Resistant disease 10(20) 
51(100) 


18(82} 


5(23) 
941) 


3(14) 


2(10) 
2({10} 


22(100) 





Low intermediate High 
10(62) 7164) 
3(19) 7(64) 
3(19) me 

116) }59% 2113) 144% -- 10% 
2(12) a 
3(19) cad 
3(19) 4136) 
16(100) 11(100) 





*Pretreatment characteristics were not available in two patients to determine their risk category: one had resistant disease, and one achieved 
complete hematologic remission but no suppression of the Philadelphia chromosome. 
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netic studies. Cytogenetic conversion to a partial diploid 
state was minimal (Philadelphia chromosome-positive in 
35% to 95% of metaphases) in 12 patients (24%) and 
significant (Philadelphia chromosome-positive in less than 
35% of metaphases) in eight patients (22% of responders, 
16% of total). Suppression of the Philadelphia chromosome 
was slow, with changes observed after a median duration of 9 
months of therapy (range 3 to 15 months). Cytogenetic 
conversion to a partial diploid state was short lived in two 
patients but persisted 6 months or longer in 18 patients, seven 
of whom showed evidence of continuous Philadelphia chro- 
mosome suppression for a median of 30+ months (range 
21+ to 39+ months) (Table 4). The incidence of Philadel- 
phia chremosome suppression was 59%, 44%, and 0% respec- 
tively, for low-, intermediate-, and high-risk groups (P < 
0.01) (Table 3). 

Similar changes were documented for patients’ serum 
LDH and vitamin B12 levels, which reverted slowly to 
normal values with response to therapy. Sixty-four percent of 
patients had had LDH values above 600 U/dL before 
therapy, compared to 12% after 3 months, 7% after 12 


although 94% of patients had had serum B12 levels above 
1,000 pg/mL before treatment, this percentage decreased to 
40% at 3, 25% at 12, and 14% at 18 months. 

Disease control duration and failure patterns. The 
median duration of continued disease control with [FP N-« 
was 29 months for the whole group (Fig 2), 33+ months for 
patients obtaining a complete hematologic remission, and 9 
months for those achieving only a partial hematologic remis- 
sion. 

Patient outcome is summarized in Table 5. At the time of 
analysis, 25 of the initial 36 patients (78%) who obtained a 
complete hematologic remission remain in continued hema- 
tologic remission on IFN-a therapy, whereas 11 have failed: 
seven developed resistant disease and are all controlled on 
alternate therapies with hydroxyurea or myleran, and four 
evolved into blastic crisis. Of the 15 patients who achieved a 
partial remission or no response, ten were taken off the study 
while in benign phase (resistance 4, toxicity 1. both 5). four 
of them developed subsequent blastic crisis, two died in 
chronic phase, and four are alive on alternate treatments. 


months, and 0% after 18 months of therapy. Similarly, 
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Table 4. Serial Cytogenetic Changes with IFN-a Therapy in 18 Patients with Persistent Philadelphia Chromosome Suppression 
for 6 or more Months 





Percentage of Philadelphia Chromosome-Positive Metaphases 


Months of Therapy 








Patient 3 6 9 12 15 18 21 24-27 30-33 36-39 42-45 
1 100 90 95 100 90 80 70 50 10 5 0 
2 70 IM* IM 15 10 20 5 30 o 
3 100 70 70 55 80 _ 0 0 5 
4 100 100 90 55 30 — 0 5 15 
5 100 100 IM 100 ie) 75 100 
6 100 75 80 80 — 10 5 5 10 100 
7 65 95 90 90 65 80 IM 95 25 100 30 
8 100 a 100 75 55 20 90 80 100 
9 100 100 IM IM IM 95 Gig 35 95 95 

10 100 IM 82 70 iM _ 67 45 95 

11 100 100 bo 65 = 55 — 86 

12 100 100 30 100 100 — 100 — 80 50 70 
13 100 50 85 70 = 75 = 85 95 IM 

14 100 100 100 90 = = = 30 95 

15 100 100 100 90 45 95 90 

16 100 100 — — 75 95 85 90 

17 100 IM — 70 100 85 IM 85 100 100 100 


18 100 80 75 30 100 





*iIM = insufficient metaphases. 


All but patient 18 are still on [FN-a therapy with continued disease control. 


The other five patients who had partial remission or failed on 
therapy developed blastic crisis. Thus 11 of the 17 patients 
who showed resistance to interferon therapy in benign phase 
remain on alternative therapies with good disease control for 
a median of 20 months (range 12 to 35 months). Four 
developed subsequent blast crisis, and two other patients 
died, one of accelerated disease, the other of thoracocentesis- 
induced pneumothorax and empyema. 

Thirteen patients have already developed blastic crisis 
after a median therapy duration of 11 months (range 2 to 30 
months) (Fig 3). Blastic crisis has developed in 9 of the 15 
patients who did not achieve a complete hematologic 
response compared to 4 of 36 who did (60% v 11%, P < 0.05). 
In the latter group three had no cytogenetic response, and 
one had a minimal cytogenetic response with a decrease of 
the Philadelphia-positive metaphases to 85% for 3 months 
only. 

The patterns of blastic crisis and response to chemother- 
apy differed from previous experience. Six of the 13 patients 
had lymphoid blastic crisis, three had undifferentiated, and 
four had myeloid blast crisis morphologies. Five of the six 
patients who had lymphoid blast crisis achieved remission 
and entered a second chronic phase lasting for a median of 
three months (range 2 to 11+ months) with vincristine, 
doxorubicin (Adriamycin), and dexamethasone (VAD). 

Toxicity. Early and late patterns of host toxic reactions 
were observed among patients treated with IFN-a (Table 6). 
Forty-seven of the 51 patients (92%) experienced early toxic 
reactions, most of which consisted of fever, chills, fatigue, 
anorexia, and muscle and bone pains. Severe early toxic 
reactions were unusual and did not require interruption of 
treatment in any patient. Other toxicities such as insomnia, 
excessive sweating, nervousness, postnasal drip, and mild 
depression were unusual. The toxic effects usually lasted for 


a median of three days (range one to 12 days), improved 
gradually with therapy, and were manageable with antipy- 
retic and analgesic medications. 

The majority of patients tolerated chronic therapy well, 
with 76% maintaining an average performance status of 0 
(Zubrod scale) and continuing their normal activities. 
Twelve patients (24%) had mild chronic symptoms with an 
average performance status of | to 2. Overall, six patients 
(12%) had treatment discontinued because of late toxicities. 

Serious late toxic reactions included myalgias; bone and 
joint pains; severe fatigue, weight loss, and decreased perfor- 
mance; neurotoxicity; and immune-mediated thrombocyto- 
penia (Table 6). The myalgias that occurred at some point 
during therapy in 17 patients were generally diffuse. Patients 
usually responded to a decrease in interferon dosage and to 
analgesics. Bone pains occurred most frequently in the 
proximal upper and lower extremities, pelvis, and ribs. 
Temporary discontinuation of therapy and administration of 
analgesics and steroids allowed therapy to be resumed in 
eight of the 12 patients who had severe pains. Chronic severe 
fatigue, anorexia, weight loss, and poor performance were 
observed in four patients. 

Neurotoxicity was manifested in several patterns, some of 
which have been reported.” Central nervous system (CNS) 
manifestations consisted of apathy or agitation, insomnia, 
withdrawal, bland affect, lack of interest, decreased atten- 
tion span and short-term memory, and depression. These 
occurred mildly in nine patients, improving with methylphe- 
nidate in six, and severely in three patients, requiring treat- 
ment interruption. One of the two patients who showed 
parkinson-like signs and symptoms had concomitant severe 
depression, which led to discontinuation of therapy. 

Among the four patients who developed immune-mediated 
thrombocytopenia with platelet counts lower than 50,000/ 
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therapy. 


uL, platelet recovery was noted in two patients after discon- 
tinuation of interferon and institution of steroids; the other 
two patients underwent splenectomy for persistent thrombo- 
cytopenia with subsequent recovery of platelet counts. Other 
less common chronic toxic reactions included mild hair loss 
(18%), diarrhea (12%), headaches (14%), anorexia (10%), 
disturbed liver function (6%), postnasal drip (6%), cough, 
lung infiltrates, and impotence (2% each). 

The incidence of severe toxic reactions increased with 


Table 5. IFN-a Therapy in CML: Present Status of Patients 





No. of Patients in Response Category (Dead} 











Complete Partial 
Hematologic Hematologic Resistant 
Status Total Remission Remission Disease 
Continued disease 
control 25 25 0 0 
Off therapy in 
benign phase 13 (2) 7 {0} 3 (0) 3 (2) 
Blastic crisis 13 (9) 4 (23 2 (2) 7* (5) 
§1(11) 36 {2} 5 {2} 10 (7) 





*includes four patients who discontinued therapy while in chronic 
phase and subsequently developed blastic crisis (see text). 
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development of resistant disease. Five patients were taken off 
study because of resistant disease and increasing toxicity, 
which consisted of muscle or bone pains in four and neurotox- 
icity in one patient. 

Survival. After a median follow-up period of 37 months, 
40 patients (78%) are alive, 36 being in chronic phase disease 
(25 of them on IFN-a therapy) and four in second chronic 
phase. The median overall survival has not been reached, and 
the projected three-year survival is 76% (Fig 2). 

Relative yearly hazard rates for death were 6% during the 
first, 9% during the second, and 9% during the third year of 
study. The projected 3-year survival was 94% for patients 
with complete hematologic remission and 45% for those with 
partial hematologic remission or resistant disease. Only two 
of the 36 patients who achieved complete hematologic remis- 
sion on IFN-a@ therapy have died, compared to 9 of the 15 
patients who did not (6% v 60%; P < 0.01). 

As with remission induction, different patterns of survival 
were observed in different risk categories: the 3-year survival 
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Table 6. Early and Late Toxic Reactions of IFN-a Therapy 





No. Patients (Percentage) 





Overall 





Toxicity Mild-Moderate Severe 
Early 
Fever 41 (80} 36 (71) 5 (10) 
Chills 23 (45) 23 (45) — 
Bone pains 8 (16) 7114) 1 (2) 
Fatigue 35 (69) 35 (69) — 
Nausea and vomiting 7 (14) 6 (12) 1 (2) 
Anorexia 12 (24) 12 (24) E 
Myalgias 18 (35) 18 (35) — 
Headache 8 (16) 8 (16) 
Late 
Fatigue 24 (47) 23 (45) 1 (2) 
Bone pains, arthralgias 19 (37) 7 (14) 12 (24) 
Myaigias 17 (33) 14 (27) 3 (6) 
Weight loss 21{41) 17 (33) 4 (8) 
Neurotoxicity frontal 9 (18) 6 (12) 3 (6) 
Parkinsonism 2 (4) 1 (2) 1 (2) 
immune-mediated 
thrombocytopenia 4 (8) 2 (4) 2 (4) 





was 100% in the low-risk group, 75% in the intermediate-risk 
group, and 42% among the high-risk patients (P < 0.01). 


DISCUSSION 


Interferons have well-established antiviral and antipro- 
liferative activities. ? They were shown to suppress the 
growth and differentiation of normal and CML myeloid 
progenitor cells in vitro“ and to induce granulocytopenia 
among treated patients.'*'”> The excessive myeloid prolifer- 
ation in CML.” the possible viral etiology of CML shown in 
animal models,” and the success of interferon therapy for 
chronic or indolent diseases (hairy cell leukemia, renal cell 
cancer, indolent lymphomas and myeloma)'*'’ led us to 
investigate the clinical activity of IFN-a in CML. 

The administration of human leukocyte IFN-a in the 
current study resulted in complete hematologic remission in 
the majority of patients. Therapy affected the peripheral 
blood, bone marrow, and spleen. The process of response was 
gradual, requiring a median of 14 weeks of therapy to 
achieve a complete hematologic remission and a median of 9 
months to observe initial Philadelphia chromosome suppres- 
sion. Changes were seen first in the peripheral blood, while 
bone marrow changes appeared late. A cyclic pattern of 
clinical response was observed in about one quarter of 
patients, possibly due to preservation of a partial feedback 
mechanism.” 

Since our study used strict criteria in defining complete 
hematologic remission, the complete hematologic response 
rate of 71% is not comparable to response rates reported for 
myleran or hydroxyurea. Studies with these agents often did 
not require disappearance of palpable splenomegaly or com- 
plete normalization of the peripheral differential counts.®’ 

Most interesting was the gradual suppression of the Phila- 
delphia chromosome among responding patients. Previous 
studies with intensive combination chemotherapy resulted in 
significant suppression of the Philadelphia chromosome, 
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with 30% to 60% of patients showing a decrease of Philadel- 
phia chromosome-positive cells to less than 35%, and 10% to 
30% manifesting 100% diploid metaphases.’ These 
“true” complete and partial remissions were transient in all 
patients.**! This demonstrates the existence of cells with a 
normal karyotype in the marrow of patients with CML. that 
could repopulate the patient's marrow after eradication of 
the leukemic clones.™* In contrast to the results of intensive 
chemotherapy, suppression of the Philadelphia chromosome- 
positive clones with IFN-a was slow to occur, progressive in 
nature, and long-lasting in a substantial number of our 
patients (Table 4). Suppression of the Philadelphia chromo- 
some was also more pronounced among low-risk patients. 
The dramatic but transient cytogenetic response patterns 
with intensive chemotherapy and the slowly developing but 
persistent ones with IFN-« may be enhanced and maintained 
by the use of a combined modality approach. 

The cost and scarcity of the partially pure human IFN-a 
material have been a significant problem in the conduct of 
large-scale clinical trials; this has been avoided recently 
through the availability of the pure recombinant alpha 
interferons. It has been argued thai response to IFN-a or its 
toxicity may be partly attributed to the impurities of this 
partially purified form of interferon alpha. However. our 
recent preliminary experience with the pure recombinant 
alpha A interferon has demonstrated similar response and 
toxicity patterns. Of the firs: 17 patients treated, 13 (76%) 
achieved a complete hematologic remission, and six (35%) 
had evidence of suppression of the Philadelphia chromo- 
some.” 

The chronic course of CML disease requires long-term 
follow-up to evaluate treatment benefit. One important 
question is whether IFN-æ therapy will change overall 
patient prognosis. In this CML population, the yearly risk of 
death of 6% to 9% in the first three years compares favorably 
with the expected yearly mortality of 25% after the second 
year of follow-up for patients treated with single-agent 
therapy with myleran or hydroxyurea.*’ The 76% projected 
survival at 3 years is also encouraging in comparison with the 
3-year survival rate of 53% among a historic control group of 
155 patients from our institution who were treated with 
hydroxyurea or myleran'® and with the 3-year survival 
percentage range of 35% to 65% in other reports. 4" The 
yearly incidence of blast crisis ranged from 5% to 15% in the 
first 3 years (Fig 3) and is lower than previously reported.*” 
Interestingly, the majority of patients who developed blastic 
crisis manifested lymphoid or undifferentiated cellular mor- 
phologic characteristics. This contrasts with the reported 
60% to 75% incidence of myeloid blastic crisis morphology 
reported in CML. This raises the possible advantage of 
additive chemotherapy in suppressing involved lymphoid 
cells. Finally, response to IFN-a seems to be a good parame- 
ter for predicting long-term prognosis. The 3-year survival 
rate was 94% for patients having a complete hematologic 
response and 45% for the remaining population. 

The study of prognostic factors and risk categories in 
CML is useful in several ways,'™5 including therapeutic 
strategy planning. Early intensive chemotherapy was shown 
previously to benefit mainly patients in the intermediate- and 
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high-risk prognostic categories.'° The present analysis dem- 
onstrates a substantial benefit of IFN-a therapy among 
intermediate- and low-risk patients. The combined use of 
intensive chemotherapy and interferons in a common treat- 
ment program may improve the outcome of all risk cate- 
gories. 

The acute toxic reactions to IFN-a were moderate. 
Chronic toxicities were treatment-limiting in 12% of 
patients. Serious toxicities included skeletal, muscular, and 
joint pains, neurotoxicity, and immune-mediated thrombocy- 
topenia. Of interest was the simultaneous development of 
severe toxicity and resistant disease in a number of patients, 
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raising the possibility of the release of certain factors from 
granulocytes that could induce inflammation in the muscu- 
loskeletal system. 

In summary, this study showed IFN-a to induce hemato- 
logic remission in a majority of patients with chronic-phase 
CML. There were marked associated changes in the blood 
and bone marrow including suppression of the Philadelphia 
chromosome-positive clones. The unique biologic activity of 
IFN-a in CML opens possibilities for studies with interfer- 
ons alone and in combination with intensive chemotherapy in 
an attempt to delay the onset of blastic crisis and to improve 
survival in this patient population. 
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An Analysis of Leukemic Cell Chromosomal Features in Infants 


By Ching-Hon Pui, Susana C. Raimondi, Sharon B. Murphy, Raul C. Ribeiro, David K. Kalwinsky, 
Gary V. Dahl, William M. Crist, and Dorothy L. Williams 


Leukemic cell chromosomal findings in 27 infants were 
analyzed. Among the 18 cases of acute nonlymphobiastic 
leukemia (ANLL), all but two were classified as monocytic 
or myelomonocytic. The remaining nine cases were acute 
lymphoblastic leukemia (ALL), seven lacking the common 
ALL antigen and two having cytoplasmic immunoglobulin 
(pre-B phenotype). Twenty-five cases (93%) had an abnor- 
mal karyotype, 21 (84%) being pseudodiploid. Chromo- 
somal translocations were detected in 67% of the ANLL 
cases and in 78% of the ALL cases. Nonrandom chromo- 
somal abnormalities included the t(9;11)(p21-22:q23) in 
three cases of monocytic leukemia, inversion of chromo- 
some 16 in three cases of myelomonocytic leukemia with 


HE CLINICAL and biological hallmarks of acute leu- 

kemia in infants differ markedly from those of older 
children. Infants with acute nonlymphoblastic leukemia 
(ANLL) generally have acute monoblastic or myelomono- 
blastic subtypes with a propensity for extramedullary 
involvement.'? Acute lymphoblastic leukemia (ALL) in 
infants is usually characterized by a large leukemia cell 
burden at diagnosis and by a blast cell immunophenotype 
that lacks the common ALL antigen (CALLA). Treat- 
ment outcome tends to be poor in infants with either form of 
leukemia.*“* 

Chromosomal abnormalities in leukemia have attracted 
much recent attention. The specific karyotypic patterns not 
only provide important prognostic information and allow 
more accurate classification, but also may aid in understand- 
ing leukemogenesis. Despite the known unique features of 
infant leukemia, cytogenetic studies in these patients have 
been limited to occasional case reports.” Because investiga- 
tors tend to report nonrandom chromosomal changes such as 
the t(4;11),®° little attention has been paid to the exact 
karyotypic distribution in cases of infant leukemia. In a 
relatively large series of consecutive cases of infant leukemia, 
we observed a high frequency of chromosomal transloca- 
tions, which could explain the extremely poor prognosis 
associated with ALL in infants. Furthermore, our data 
suggest an unusual pathogenesis for acute leukemia in 
infants. 


MATERIALS AND METHODS 


Patients. From February 1979 to May 1986, 37 children aged 
<12 months with newly diagnosed acute leukemia were admitted to 
St. Jude Children’s Research Hospital. Twenty-seven cases had 
adequate bone marrow samples and successful chromosome banding 
studies and are the subjects of this report. There were 18 cases of 
ANLL and nine of ALL. Informed consent was obtained for all 
patients, and the investigation was approved by the institution's 
clinical trials review committee, 

Chromosome analysis. Bone marrow samples, obtained at the 
time of diagnosis, were processed according to the method of 
Williams et al.'° Marrow cells were collected in RPMI 1640 medium 
with L-glutamine, antibiotics, and 30% fetal calf serum. The cells 
were immediately exposed to colcemid (final concentration, 0.06 
ug /mL)}, rinsed twice in Hanks’ balanced salt solution, and exposed 
to hypotonic KCI (0.075 mol/L) for a total of 32 minutes at room 
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bone marrow eosinophilia, and t(4:11}(q21:q23) in one case 
of ALL. Chromosomal regions preferentially involved in 
infant leukemia included 11q23-25 (13 cases), 9p21-22 (6) 
and 10p11-13 (3). All but one of the 24 cases with 
chromosomal breakage or rearrangement had breakpoints 
that corresponded to known fragile sites, half of which 
were at 11q23-25, a finding that may have pathogenetic 
importance. The CALLA or pre-B phenotype and the 
presence of chromosomal translocations in most infants 
with ALL provide a biological explanation for their poor 
prognosis. 
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temperature, including periods of mixing, standing, and centrifuga- 
tion. They were then fixed in 3:1 methanol-acetic acid (vol/vol) for 
15 minutes, and slides were prepared by a flaming technique. 
Appropriate drying of the slides was achieved by natural aging for 
zero to seven days. Metaphase preparations were G-banded by a 
modification of the trypsin method of Seabright. Chromosomal 
abnormalities were classified according to the International System 
of Human Cytogenetic Nomenclature (1985)."? 

Blast cell phenotyping. Cases of leukemia were classified 
according to French-American-British (FAB) criteria, based on 
bone marrow cell morphological and cytochemical staining charac- 
teristics. °? Cases of ALL were further subtyped according to their 
immunophenotypes, as described previously." 


RESULTS 


The presenting features, karyotypes, and treatment 
responses of the 27 infants with analyzable chromosomes are 
shown in Table 1. With two exceptions, the FAB types in 
cases of ANLL were either monocytic or myelomonocytic. 
Leukocyte counts for patients with ANLL ranged from 5.1 
to 751 x 10°/L (median, 63 x 10°/L), platelet counts from 
15 to 510 x 10°/L (median, 71 x 10°/L), and hemoglobin 
levels from 3.6 to 11.4 g/dL (median, 9.7 g/dL}. Initial CNS 
leukemia was evident in ten patients. Bone marrow cosino- 
philia was noted in patients 11, 14, and 15 (18%, 15%, and 
10% eosinophils, respectively); the first two patients had both 
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Tabie 1. Clinical and Laboratory Data of Infant Leukemia 
% Blast Leukocyte 
Patient in Bone Count CNS Duration of 
no, Age Phenotype Marrow {x 10°/L} Leukemia Karyotype Remission (ma) 
Acute Nonlymphobliastic Leukemia 
1 2d M4 25 751 No 46,XY,1(10;11Hp 1 1;q23) 3 
2 2m M5 80 70.9 Yes 46,XY,1(10; 13Hp? 15:q 14) 2 
3 2m M4 81 24.1 No 46,XY inv ins (6; 11)}(q24;q23q12) ie) 
4 2m M2 25 103.6 Yes 46.XX 6+ 
5 2m M5 25 7M No 46,.XX 6+ 
6* 3m M2 22 11.5 No 47,.XY,+21,i(7q) 0 
7 4m M4 69 400 No 46,XX,1(9; 1 1)(q34:q3 2) 304 
8 6m MS 93 12.4 Yes 46, XY, — 10, + der(10),t(10;?7q22;?),del(4 1}(q23),t(12; 16}(q13;q24) 18 
9 6m M4 72 79.6 Yes 46, Y .del(X}(q23),~ 14, + der(14),1(14;2)q32;7)/ 24 
46.Y del(X}(q23),del(6)(q23), ~ 14, + der 14),t(14;2Nq32:?) 
10 6m M4 86 91.7 Yes 46,X,1(X; 11Hq13:q23) 3 
11 Bm Må 33 117 Yes 46,XX,inv( 16)ip 13q22) 2 
12 8m M5 19 5.6 Yes 46,XY.t(9; 11p22:q13) AF + 
13 8m M5 85 5.1 Yes 46,XX.t{9; 1 1H(p2 1:q23} 47+ 
14 8m M4 31 55.5 Yes 46,XX inv(16}(p 13q22) 6 
15 Sm M4 58 336 No 46,XX.inv( 16p 13922} Q 
16 9m M5 90 9.4 No 47,XX. + X95 1 1Hp2 1:q23} 28+ 
17 9m M5 94 105.8 No 46.XY.t{ 10:1 1p 13:q2 1) 4 
18 9m M5 81 56 Yes 46. XY ,1(9; 1 1)(p2 1:q23) 5 
Acute Lymphoblastic Leukemia 
19 tm L1 CALLA” 81 125.2 No 46,XX.t(10: 11; 19Xp 4 1.2:q23:p 13) 2 
20 im —~ CALLA” 64 110 Yes 46,XX, (9: 1 1Kp2 1:q23} i) 
21 3m L2 CALLA- 98 201 Yes 46.XX.t{4; 1 1){q2 1;q23} 30 
22 4m L1 CALLA” 100 75 No 46,XY.t{1;11}p22;q23} 45 
23 6m L2 CALLA” 90 106 No 46,XX.t{1;11;1 1P {p34:p13;q24} 26+ 
24 6m L1 CALLA’, 88 90 Yes 46,XX,inv(14}(q22q3 1} 7 
pre-B 
25 7m L1 CALLA” 97 84 Yes 46,XX_+ 19, — 22,19; 1 1Mp13:q23} 34 
26 9m Li CALLA’, 83 8.5 No 45,XY, —5, — 9, + der{9),ti5:9}(at 17921) 21 
pre-B 
27 Əm Li CALLA” 89 18.4 No 47,XY. +8 144 





*Down’'s syndrome. 


CNS leukemia at diagnosis and at relapse. Only six of these 
patients remain in remission, for 6+ to 47+ months. 

CALLA’, so-called undifferentiated (HLA-DR* only), 
ALL was diagnosed in seven infants and pre-B ALL (positive 
cytoplasmic immunoglobulin) in two, one of whom was 
CALLA”. In case 20, two thirds of the blasts had LI 
morphology, and the remainder resembled monoblasts, 
although the a-naphthyl butyrate esterase stain was nega- 
tive. A lymphoid-associated antigen, B4, was present on 65% 
of blast cells and the myeloid-associated antigen My-9 on 
39% of blasts. Leukocyte counts in cases of ALL ranged from 
8.5 to 201 x 10°/L (median, 90 x 10°/L), platelet counts 
from 7 to 354 x 10°/L (median, 42 x 10°/L), and hemoglo- 
bin levels from 4.9 to 11.2 g/dL (median, 8.7 g/dL). Four 
infants had CNS leukemia at diagnosis; none had a mediasti- 
nal mass. Two of the nine patients remain in remission for 
14+ and 26+ months. 

Of the 18 cases of ANLL, 16 (89%) had leukemic cell 
chromosomal abnormalities (Fig 1). The most frequent 
structural abnormalities were translocations (12 cases, 67%), 
inversions (three cases), and deletions (two cases). Whole 
chromosome additions were noted in two cases, including 
patient 6 (a child with Down’s syndrome); none of the cases 
showed a loss of whole chromosomes. The structural abnor- 
malities most frequently involved chromosomes 1] (ten 
cases), 9 (five cases), 16 (four cases), and 10 (four cases). 


The chromosomal regions most commonly affected were 
}1q23-25 (seven cases}, 9p21-22 (four cases), 11q!2-13 
(three cases), 16p13 (three cases), 16q22 (three cases), and 
10p11-13 (two cases). Nonrandom chromosomal abnormali- 
ties included t(9;11)(p21-22:q23) in three cases of monocytic 
leukemia’ and inversion at bands p13 and q22 of chromo- 
some l6 in three cases of myelomonocytic leukemia with 
bone marrow eosinophilia.'°"” 

All nine infants with ALL had blast cell chromosomal 
abnormalities (Fig 2): pseudodiploidy in seven cases, hypodi- 
ploidy with 45 chromosomes in one, and hyperdiploidy with 
47 chromosomes in one. Translocations were observed in 
seven cases (78%), of which six involved 11q23-25 and two 
involved 9p21. 

In both ANLL and ALL, chromosomes 11,9, and 10 were 
frequently involved in structural rearrangements, mainly 
translocations. The common breakpoints were 11g23-25 (13 
of 27 cases, 48%), 9p21-22 (six cases, 22%), and 10pi 1-13 
(three cases, 11%). 


DISCUSSION 


Chromosomal rearrangements involving 11q23-25 were 
the most frequent find:ng in this study of infant leukemia, 
affecting half of our patients. This contrasts with the much 
lower frequency of 11q23-25 rearrangements in consecutive 
cases of childhood ALL (4% of 230 cases) or ANLL (13% of 
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associated with acute nonlymphoblastic leukemia in infants. The 
closed blocks represent specific chromosomes involved in translo- 
cations and the open blocks all other abnormalities not associated 
with translocations. Each breakpoint is depicted once. The abnor- 
malities primarily involved chromosomes 9, 10, 11, and 16. The 
added chromosome 21 was from a child with Down’s syndrome. 


150 cases) seen at our institution (DL Wiliams and SC 
Raimondi, unpublished observation). Similarly, Abe et al’ 
and Abe and Sandberg” noted a higher frequency of such 
abnormalities in case reports of infants with leukemia. The 
high proportion of cases with the 1(4:11)(q21:q23) in their 
series probably reflects a reporting bias, as these cases have a 
poor treatment outcome and unique features including mixed 
lymphoid and myeloid antigen expression.'7° 

The other frequent abnormality involving 11q23 was 
(9:1 1)(p21:q23), a nonrandom abnormality that is known to 
be associated with monocytic or myelomonocytic leukemia,”° 
the two commonest ANLL subtypes in infants.'? Case 21 
[ALL with the t(9;11)(p21;q23)] is interesting in that most 
of the blasts appeared to be lymphoid, with a small propor- 
tion resembling monoblasts. The findings of both B4 and 
My-9 positivity in blast cells support the mixed-lineage 
antigen expression of her leukemia. Kaneko et al also 
reported this chromosomal abnormality in two cases of 
CALLA” ALL, one of which occurred in an infant. Thus 
t(9:11)(p21:q23) is not only found in monocytic or myelo- 
monocytic leukemia but also in CALLA” ALL, including 
some cases with mixed-lineage antigen expression. Rearran- 
gements involving 1 1q23-25 are in general common findings 
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Structural and numerical chromosomal abnormalities 


Fig 2. 
associated with acute lymphoblastic leukemia in infants. The 
closed blocks represent specific chromosomes involved in translo- 
cations and open blocks all other abnormalities. Each breakpoint is 
depicted once. Chromosomes 9 and 11 were frequently involved. 
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in CALLA” ALL.” Some cases of CALLA ALL are 
characterized by myeloid-associated antigens”; in others the 
blast cells have been induced to differentiate in the myeloid 
pathway.”? Taken together, these findings support the idea of 
preferential transformation of pluripotent stem cells with 
11q23 involvement in infants and suggest that genes from the 
reciprocally translocated chromosome influence subsequent 
phenotypic expression.'**! Recently we found an 11q23 
translocation at relapse in each of several cases that had 
converted from common or pre-B ALL at diagnosis to 
CALLA” ALL (three cases) or ANLL (three cases) at 
relapse.” We have suggested that these cases represent 
emergence of a malignant pluripotent stem cell after eradica- 
tion of the original B-cell precursor or pre-B leukemic stem 
line by chemotherapy. 

Four of 29 cases of infant leukemia reviewed by Abe et al’ 
had abnormalities involving chromosome 10, including three 
cases with a breakpoint at 10pl 1-13. Recently, another case 
of congenital monoblastic leukemia with del(10) (p12) was 
reported.” In this study four of 27 cases were found to have 
chromosomal abnormalities involving chromosome 10, in 
three cases the breakpoints were in the 1Op11-13 region. By 
contrast, of 380 children with acute leukemia studied at this 
center, only five over a year of age had blast cell chromo- 
somal rearrangement affecting this region (P = 0.01 by 
two-tailed Fisher exact test) (SC Raimondi and DL Wil- 
liams, unpublished observation). Thus, the 10pl 1-13 region 
can be added to those known to be preferentially involved in 
infant leukemia. 

The breakpoints in all but one of the 24 cases with 
chromosomal rearrangements (case 17) corresponded to 
known heritable or common fragile sites or both?" In 18 
cases the breaks occurred at one or two heritable fragile sites, 
13 being at 11q23 (FRAI!B), five at 9p21 (FRAQA), three 
at 16q22 (FRAI6B), and one each at 11q13 (FRAIA) and 
12q13 (FRA12A). Confirmation of the putative association 
between heritable fragile sites and chromosomal breakpoints 
in infant leukemia will require further study of normal cells 
from the patients and their family members. Recently sev- 
eral studies have shown a concordance between heritable 
fragile sites and the breakpoints involved in chromosomal 
rearrangements in leukemia and lymphoma.” Hecht and 
Sutherland? found a statistically significant association 
between 21 fragile sites and 50 cancer breakpoints. It has 
been suggested that oncogenes or other very active genes may 
be located at or near hypersensitive or fragile sites where 
carcinogens can act, resulting in chromosomal breakage and 
rearrangement leading to malignant transformation.”’ Since 
infants are less likely than older patients to have experienced 
a carcinogenic event followed by a latency period adequate 
for the development of cancer, we speculate that acute 
leukemia in infants arises from constitutional or develop- 
mental genetic errors occurring at critical points in hemato- 
poietic cellular ontogeny and differentiation. 

Most of our cases had chromosomal breakpoint(s} where 
oncogene(s) have been mapped.” Since the c-ers-1 proto- 
oncogene has been traced to 11q23*° and half of our cases 
have breakpoints in this region. it is possible that c-ets-1 is 
frequently involved in the pathogenesis of infant leukemia. 
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Rovigatti et al% have recently demonstrated amplification 
and rearrangement of this oncogene in a case of acute 
myelomonocytic leukemia and in a case of small lymphocyt- 
ic-cell lymphoma with 11q23 involvement. It is also intrigu- 
ing to note that a- and §-interferon genes have been localized 
to 9(p21 — pter), a region commonly involved in infants 
with leukemia. 

One of the most important prognostic factors in childhood 
ALL is age at diagnosis. Even after adjustment for other 
presenting features, a very young age remains an indepen- 
dent predictor of poor outcome.” However, in most studies 
leukemic cell chromosomal analyses have generally not been 
included, and their independent contribution to prognosis has 
not been assessed. In our most recent study,” the frequency 
of translocation was 40% among 116 consecutive children 
with newly diagnosed ALL. The high frequency (78%) of 
leukemic cell chromosomal translocations found in this study 
provides a biological explanation for the poor outcome of 
infants with ALL. Translocations in general appear to confer 
a poor prognosis in ALL.“ The risk of early relapse was six 
times greater when a translocation was present, making this 
feature the strongest single predictor of outcome.” Notably, 
hyperdiploidy with >50 chromosomes, a favorable feature 
found in approximately 30% of childhood ALL cases,” was 
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not found in any infant in this series or in the review by Abe 
etal.’ 

We conclude that most cases of infant leukemia are 
characterized by leukemic cell chromosomal! abnormalities 
involving 11q23. The preferential involvement of 11q23 
chromosomal region, the relationship between the break- 
points of reported fragile sites, and the likely minimal 
exposure of infants to environmental mutagens and carcino- 
gens suggest a different mode of leukemogenesis in this 
young age group compared with older patients. Moreover, 
the poor outcome of infant ALL can be explained not only by 
their large leukemia cell burden and unfavorable immuno- 
phenotype but by the lack of leukemic cell hyperdiploidy and 
the frequent presence of chromosomal translocations. Final- 
ly, the definition of specific chromosomal anomalies in the 
blasts from infants with acute leukemia should provide 
direction for molecular studies that hold the exciting promise 
of unravelling the pathogenesis of these disorders. 
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Measurement of Platelet-Associated IgG in Animal Models of Immune and 
Nonimmune Thrombocytopenia 


By Janice Arnott, Peter Horsewood, and John G. Kelton 


Platelet-associated IgG (PAIgG) is elevated in idiopathic 
thrombocytopenic purpura (ITP), but it also is elevated in 
other thrombocytopenic disorders traditionally considered 
to be nonimmune. Consequently it is possible that elevated 
PAIgG is a nonspecific finding secondary to thrombocyto- 
penia. To study this issue we developed a rabbit model of 
immune and nonimmune mediated thrombocytopenia. The 
mechanism of the thrombocytopenia was validated by 
platelet survival studies. Immune thrombocytopenia was 
produced by injection of antirabbit platelet serum that was 
raised in guinea pigs. Nonimmune aregenerative thrombo- 
cytopenia was produced by irradiation of the animals; 
nonimmune consumptive thrombocytopenia was produced 
by injection of adenosine diphosphate (ADP). PAigG was 
measured in a direct binding assay using '*"l-labeled staph- 
ylococcal protein A (SpA). Washed platelets from normal, 
nonthrombocytopenic rabbits bound an average of 81 
molecules of SpA per platelet (81 + 168, mean + 2 SD, 
n = 39). Infusion of the antiplatelet antiserum produced 
thrombocytopenia with a rise in PAlgG that was closely 


OR APPROXIMATELY 10 years, IgG on platelets has 
been measured qualitatively or quantitatively.'? The 
amount of platelet-associated IgG (PAIgG) is elevated in 
about 90% of thrombocytopenic patients with idiopathic 
thrombocytopenic purpura (ITP).** This observation plus 
the demonstration that at least some of the IgG is specific for 
platelet glycoproteins’ suggested that measurement of 
PAIgG could serve as a diagnostic test for ITP. However, 
PAIgG is also elevated in a large number of immune 
thrombocytopenic disorders, and consequently the test is not 
diagnostic for ITP. Perhaps more importantly, elevated 
levels of PAIgG have beer noted in a variety of disorders 
traditionally thought not to be caused by immune mecha- 
nisms.® These observations lead us to two postulates. First, 
they suggest that much of the IgG measured on platelets is 
not true autoantibody.’ Second, the studies also suggest that 
immune mechanisms contribute to platelet destruction in 
more thrombocytopenic disorders than once was thought 
likely.’ 
It is difficult to study this issue in humans because many 
episodes of thrombocytopenia are associated with conditions 
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correlated with the level of PAIgG įr = 0.86, n = 12). The 
thrombocytopenia was consumptive, as shown by a very 
short platelet life span using '"'In-labeled platelets. In 
contrast, both nonimmune thrombocytopenic states 
resulted in an equal or greater drop in the platelet count 
but no change in the level of PAIgG. The animals with 
aregenerative thrombocytopenia had normal or only mod- 
erately reduced platelet life spans; however, in every 
animal the level of PAlgG was not different from the 
nonthrombocytopenic controls, irrespective of the platelet 
count. Similarly, the level of PAigG was unchanged in those 
rabbits with nonimmune consumptive thrombocytopenia 
following infusion of ADP (82 + 55 molecules of SpA per 
platelet. mean + SD, n = 6}. These studies indicate that 
elevated PAIgG is a specific finding of immune thrombocy- 
topenia and is not secondary to thrombocytopenia itself. 
Indirectly these results support our hypothesis that 
immune mechanisms contribute to more thrombocytope- 
nic disorders than was once thought likely. 

è 1987 by Grune & Stratton, inc. 


such as sepsis and drug therapy, which by themselves might 
contribute to the thrombocytopenia. ™! For this reason we 
developed an animal! model of three types of thrombocytope- 
nia in rabbits: consumptive immune, consumptive nonim- 
mune, and aregenerative nonimmune thrombocytopenia. 
When PAIgG was measured on washed platelets from ani- 
mals with these various types of thrombocytopenia, we found 
that it was elevated in immune mediated thrombocytopenia 
but not in the nonimmune thrombocytopenias. 


MATERIALS AND METHODS 
Animal Studies 


New Zealand white rabbits of either sex weighing 2 to 4 kg were 
used in all experiments. The animals were anesthetized with 30 
mg/kg sodium pentobarbitol (MTC Pharmaceuticals, Hamilton, 
Ontario) administered intravenously (IV) through a marginal ear 
vein. 


Preparation of Antiplatelet Serum 


Antiserum against rabbit platelets was prepared in female guinea 
pigs. Whole blood from rabbits was collected into acid citrate 
dextrose (ACD, 6:1, vol:vol, pH 4.5), and the platelets were isolated 
by centrifugation, washed, and suspended in sterile saline. The 
guinea pigs were sensitized with an intraperitoneal (IP) injection of 
10° platelets. Two further injections were given at one month 
intervals, and blood was collected, by cardiac puncture, at six days 
following the last injection. The serum was pooled and absorbed once 
(37°C for 60 minutes) with packed rabbit red cells (1:1, vol:vol) and 
once with washed rabbit lymphocytes. The serum was aliquoted and 
stored at - 70°C until used. 

The antiplatelet activity of the guinea pig serum was tested in 
vitro by two methods: enzyme-linked immunosorbent assay 
(ELISA) and radioimmunoprecipitation. 

For the ELISA, rabbit platelets were isolated, washed three times, 
and resuspended to a concentration of 60,000/ul. in 0.15 mol/L 
phosphate-buffered saline (PBS), pH 7.4. Fifty microliters of the 
platelet suspension was added to Immulon I (Dynatech, Alexan- 
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dria, VA) wells and centrifuged at 560 g for 13 minutes. The wells 
were incubated with a blocking buffer (0.2% gelatin, 0.1% sodium 
azide, 0.05% Tween, 0.15 mol/L PBS) overnight at 4°C and washed. 
Fifty microliters of test serum was added, and the wells were 
incubated at 37°C for one hour. After washing, 100 uL of staphylo- 
coccal protein A alkaline phosphatase conjugate (Boehringer Mann- 
heim Canada Ltd, Dorval, Quebec) was added and the wells 
incubated at 22°C for 45 minutes. After four washes, 200 uL 
P-nitropheny! phosphate disodium (Sigma Chemical Co, St. Louis) 
at 1.5 mg/mL in diethanolamine buffer (Sigma) was added and 
after a 30-minute incubation at 37°C, the reaction was stopped by 
the addition of 50 uL of 1 N sodium hydroxide. The optical density 
(OD) of the solution was read at 405 nm using a Microplate 
Autoreader (Bio-tek Instruments, Burlington, VT). A result was 
defined as positive if the OD was greater than two times the 
background OD. 

For the radioimmunoprecipitation assay, rabbit platelets were 
isolated from platelet-rich plasma (PRP) by centrifugation at 2,200 
g for ten minutes and washed twice in 10 mmol/L Tris, 10 mmol/L 
EDTA, 150 mmol/L NaCl, pH 7.4. The platelets were resuspended 
at 10° per mL in the same buffer and labeled with | mCi Na '”I per 
mL using [ODO-GEN (Pierce Chemical Co, Rockford, IL). The 
labeled platelets were washed and then lysed in 1% Triton X-100 
(Biorad, Mississauga, Ontario), 10 mmol/L Tris, 10 mmol/L 
EDTA, 150 mmol/L NaCl, pH 7.4 containing 100 ug/mL leupeptin 
(Sigma) and 0.1 mmol/L phenylmethylsulfonylfluoride (Sigma). 
Radiolabeled platelet lysate plus 50 uL of the guinea pig antiplatelet 
serum was incubated at 4°C for two hours and then added to 50 pL 
of protein A Sepharose CL-4B beads (Pharmacia, Dorval, Quebec) 
for 30 minutes. The beads were washed in lysing buffer and the 
bound proteins eluted by boiling for three minutes in 60 mmol/L 
Tris-HCI, 2% sodium dodecyl sulphate (SDS), pH 6.8. The superna- 
tant was added to the stacking gel of a 5% to 20% gradient 
SDS-polyacrylamide gel and run at 10 mA for 20 hours. The gel was 
stained with Coomassie blue and dried for autoradiography. Labeled 
proteins were detected with Kodak XRP-1 film after 24 hours of 
exposure. 


Animal Models of Thrombocytopenia 


Consumptive immune thrombocytopenia. Animals were anes- 
thetized and infused with increasing amounts of antiplatelet serum 
through the marginal ear vein. AT 15-minute intervals, whole blood 
was sampled through a carotid cannula into EDTA tubes (Becton 
Dickinson, Mississauga, Ontario), and platelet counts were per- 
formed. At 90 minutes blood was collected into acid-citrate-dextrose 
(ACD) for determination of PAIgG. Control animals were infused 
with either normal (nonimmunized) guinea pig serum (NGPS) or 
0.9% sodium chloride. All platelet counts were performed on a model 
ZBI Coulter electronic counter (Coulter Electronics, Hialeah, FL). 

Consumptive nonimmune thrombocytopenia. Consumptive 
thrombocytopenia was produced by the infusion of 100 mg/kg 
adenosine diphosphate (ADP) (Sigma) through the marginal ear 
vein, Blood for platelet counts and PAIgG determination was 
collected through a carotid cannula at ten minutes after infusion. 
This time was selected as preliminary studies demonstrated that the 
platelet nadir had occurred by ten minutes. Because the platelet 
nadir occurred within ten minutes, the effects of multiple ADP 
infusions were also tested. ADP (80 mg/kg) was infused once daily 
for four days, and the platelets were then tested for PAIgG following 
the last infusion. 

Aregenerative thrombocytopenia. Aregenerative thrombocyto- 
penia was produced by irradiation of the rabbits with a "Cesium 
source y-radiation) for 30 minutes. This exposure to 930 rad 
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produced thrombocytopenia at five to seven days. Blood was 
collected as previously described. 

Measurement of platelet-associated IgG. Platelet-associated 
IgG was measured in a direct binding assay using staphylococcal 
protein A (SpA). SpA binds with the same relative affinity to both 
rabbit and guinea pig IgG.'? Whole blood was collected into ACD, 
the platelets were isolated, washed three times in 0.15 mol/L. PBS, 
0.013 mol/L EDTA, 0.2% bovine serum albumin (BSA), and the 
platelet count was determined. Duplicate samples of 100 ul of 
platelet suspension were incubated with 25 uL of increasing concen- 
trations (0.125 ug/mL to 10 ug/mL) of I-labeled SpA (Amer- 
sham, Oakville, Ontario). After incubation for one hour at 22°C with 
agitation, the platelets were carefuly layered onto silicon oi! (Dow 
Corning, Newbedford, MA) of specific gravity 1.022 and centri- 
fuged at 12,000 g for three minutes. The radioactivity of the platelet 
pellet was measured. To distinguish specific binding from nonspe- 
cific binding, the same binding study was repeated with a 50-times 
excess of unlabeled SpA (Sigma). 

The number of molecules of SpA bound per platelet was calcu- 
lated as follows: specific binding was defined as the saturable 
binding of '*I-SpA that could be displaced by the 50-times excess 
unlabeled SpA. The radioactivity at saturation was converted to 
molecules of SpA using the total number of platelets and the specific 
activity of the SpA. 

Indium-labeted platelet survivals. One hundred milliliters of 
rabbit blood was collected into ACD. The platelet pellet was 
obtained by centrifugation of the PRP, and the pellet surface was 
gently washed five times with calcium-free Tyrode’s buffer, pH 6.2. 
The platelets were resuspended in calcium-free Tyrode's buffer plus 
ethylene glycol tetra-acetic acid (EGTA) and labeled with 180 «Ci 
"'indium oxine (Amersham). The labeled platelets were washed 
twice and resuspended in | to 2 mL platelet-poer plasma. The 
radioactivity associated with platelets and any contaminating red 
blood cells was determined as follows: one hundred microliters of the 
final labeled suspension was added to each of 2 mL of [% ammonium 
oxalate and to 2 ml of 0.9% sodium chloride, and the suspensions 
were centrifuged. The platelet-bound radioactivity was calculated 
from the ammonium oxalate pellet, and the total cell-bound radioac- 
livity was determined from the sodium chloride pellet. 

The labeled platelets were infused IV through the marginal ear 
vein of recipient rabbits, and blood samples (3 mL) were collected 
into ACD at 30, 60, and 120 minutes postinfusion and once daily for 
five to seven days. To estimate the platelet life span, the radioactivity 
of whole blood samples was measured and the data was analysed by 
computer best fit using gamma function analysis. 

To perform platelet survivals in the immune thrombocytopenic 
animals, labeled platelets were infused as described, but at 15 hours 
postinfusion antiplatelet antiserum was injected, and blood samples 
were taken at 30, 60, 180, and 300 minutes after the serum 
injection. 

Statistical analysis. The means of platelet counts in the animal 
models were compared using an unpaired Student's ¢ test at the 0.05 
significance level. 


RESULTS 
Measurement of Platelet-Associated IgG on Rabbit 
Platelets 


The percent recovery of platelets through the silicon oil 
was validated using *'Cr-labeled platelets. At the specific 
gravity of 1.022 used, greater than 95% of the platelets 
crossed the gradient. Over a platelet concentration of 60,000 
to 1,000,000 platelets/uL, recovery was consistently greater 
than 95%. 
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Since ADP infusion may cause a decrease in the mean 
platelet density of circulating platelets, the passage of these 
platelets through oil was validated in the same way. Platelets 
from ADP-treated animals were labeled with *'Chromium 
and passed through silicon oil (specific gravity, 1.022). Over 
a platelet concentration of 300,000 to 1,000,000 platelets / 
uL, recovery was equal to or greater than 99%. 

Sizing experiments performed on ADP-treated platelets 
using a particle sizer and stained blood film showed them to 
be of normal size with no fragments. 

Normal, nonthrombocytopenic rabbits bound 81 + 168 
molecules of SpA per platelet at saturation (mean + 2 SD; 
n = 39 different rabbits). A representative binding curve is 
shown in Fig 1. 


Platelet Survival Studies 


The in vivo recovery of the radiolabeled platelets was 
defined as the percent radiolabeled platelets in the circula- 
tion at two hours postinfusion and was always greater than 
75%. The mean platelet-associated radioactivity was 82%, 
and on average there was 4% red cell contamination. The 
average platelet life span of nonthrombocytopenic rabbits as 
determined by gamma function analysis was 68 + 23 hours 
(mean + SD; n = 15) (Table 1). 


Consumptive Thrombocytopenia (Immune) 


The antiplatelet activity of the serum was confirmed by 
the ELISA and the radioimmunoprecipitation assay. Nor- 
mal (nonimmunized) guinea pig serum did not bind to rabbit 
platelets and gave a mean OD of 0.158 in the ELISA 
(n = 3). However, the immunized guinea pig serum reacted 
strongly with rabbit platelets, producing an OD of greater 
than 1.50 neat and an OD of 0.809 at a 1:128 dilution in 
buffer (n = 3). 

The antisera was further tested using a radioimmunopre- 
cipitation assay. The immune serum contained IgG anti- 
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Fig 1. A typical binding curve for the PAIgG assay. Washed 
platelets from an antiserum-injected rabbit were incubated with 
increasing concentrations of '*I-labeled SpA (abscissa), plotted 
against the radioactivity of the platelet pellet (ordinate). Specific 
binding is the saturable binding of ‘I-labeled SpA that is displaced 
by the 50-times excess unlabeled SpA and is calculated by 
subtraction of “background” nonspecific binding from total bind- 
ing. 
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Table 1. '"In-Oxine Platelet Survivals 











Treatment of Rabbits n thours} Range (Hours) 
Normals 15 68 + 23*+ 32.3-103 
Aregenerative 

thrombocytopenia 10 30 + 17*+ 41.1-63.2 
Consumptive immune 
thrombocytopenia 3 0.20 


0.17-0.23 





“Mean + SD. 
+Gamma function analysis. 


platelet antibodies that reacted with a large number of rabbit 
platelet glycoproteins as shown in Fig 2. 

Platelet counts and PAIgG determinations were per- 
formed on sham-treated (0.9% sodium chloride) rabbits and 
rabbits injected with normal guinea pig serum. In these 
animals the mean post-treatment platelet count was not 
significantly different from the mean platelet count of nor- 
mal rabbits, and the PAIgG was within the normal range at a 
mean of 45 molecules of SpA per platelet (range 9 to 136 
molecules SpA per platelet, n = 12). 

Infusion of the antiplatelet antiserum produced an imme- 
diate consumptive thrombocytopenia. The mean platelet 
count for these animals differed significantly from that of 
normal, nonthrombocytopenic animals (P < 0.05), (Fig 3B). 
In every rabbit given the antiplatelet antiserum, the level of 
PAIgG rose to a mean of 2,400 molecules SpA per platelet 
(range 815 to 4,330 molecules SpA per platelet, n = 12), 
(Fig 3A). The rise in PAIgG and the fall in the platelet count 
were both strongly correlated with the amount of antiserum 
administered. The severity of the thrombocytopenia corre- 
lated significantly with the level of PAIgG (r = 0.86, 
n = 12), as shown in Fig 4A. Similarly, the level of PAIgG 
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Fig 2. An autoradiograph of the radioimmunoprecipitation 
assay using ‘I-labeled rabbit platelets and the guinea pig antirab- 
bit platelet serum. This serum reacted with a large number of 
rabbit platelet glycoproteins (lane A}. Normal guinea pig serum 
{lane B) and saline (lane C} did not precipitate any proteins. 
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Fig 3. (A) Molecules of SpA per platelet in the immune and 
nonimmune thrombocytopenic animais. PAIgG, expressed as mol- 
ecules of SpA per platelet. is plotted on semilogarithmic paper 
(ordinate) against nontreated and thrombocytopenic rabbits (ab- 
scissa). (B} Platelet counts in the immune and nonimmune throm- 
bocytopenic rabbits. The platelet count (ordinate) is shown for 
nontreated and thrombocytopenic rabbits (abscissa). The mean 
platelet count for the nontreated rabbits is significantly higher 
than the mean platelet counts for the thrombocytopenic rabbits 
{P < 0.05). 


was directly correlated with the amount of antiserum 
injected (r = 0.94, n = 12). 

Platelet survival studies were performed on the antiserum- 
injected animals. Following infusion of the antiplatelet anti- 
serum, approximately 80% to 90% of the platelets were lost 
from the circulation within 30 minutes (Table 1). 


Consumptive Thrombocytopenia (Nonimmune} 


Infusion of ADP resulted in a significant fall in the mean 
platelet count (P < 0.005) in comparison with nontreated 
animals (Fig 3B). However, in contrast to the animals with 
immune thrombocytopenia, all of the rabbits with nonim- 
mune consumptive thrombocytopenia caused by ADP infu- 
sion had levels of PAIgG that were within the normal range 
at 82 + 55 molecules of SpA per platelet (mean + SD, 
n = 6), (Fig 3A). In these animals there was no correlation 
between the platelet count and the level of PAIgG (Fig 4B). 
In the animals treated with multiple ADP infusions, the level 
of PAIgG remained within the normal range at 78 + 26 
molecules of SpA per platelet (mean + SD, n = 4). 


Aregenerative Thrombocytopenia 


Irradiation of the rabbits resulted in platelet counts that 
were significantly lower than the mean for normals 
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Fig 4. (A) PAIgG plotted against the platelet count in the 
immune thrombocytopenic rabbits. There was a significant corre- 
lation {r = ~ 0.86, n = 12} between the PAIgG (ordinate) and the 
platelet count {abscissa}. (B) PAIgG plotted against the platelet 
count in the ADP-treated {O} and irradiated (@) rabbits. There was 
no correlation between the PAigG (ordinate) and the platelet 
count (abscissa) for the ADP-treated rabbits (r = ~ 0.02, n = 6) or 
for the irradiated rabbits {r = ~ 0.13. = 20). 


(P < 0.0005) (Fig 3B). In every one of these animals the 
PAIgG level remained within the normal range at 109 + 84 
molecules SpA per platelet (mean + SD; n = 20), as shown 
in Fig 3A. In these animals there was no correlation between 
the platelet count and the level of PAIgG (Fig 4B). 

The radiation-treated animals had a platelet life span that 
was normal or marginally reduced (Table |). 


DISCUSSION 


Techniques for detecting IgG on platelets have been 
available for a number of years and have been used to 
investigate many different thrombocytopenic disorders. 
There is now general agreement that the level of platelet- 
associated IgG (PAIgG) is increased in about 80% to 90% of 
thrombocytopenic patients with idiopathic thrombocyto- 
penic purpura.?* The recent demonstration that antiplatelet 
antibodies in the serum of patients with ITP bind to platelet- 
specific antigens via the F(ab) terminus of the antibody 
molecule indicate that at least some of the IgG on the platelet 
surface represents true autoantibody.’ However, a number of 
studies from our laboratory have raised several issues that 
are as yet unresolved. For example, our demonstration that 
the increase of platelet-associated IgG is paralleled by an 
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increase in platelet-associated albumin suggests that much of 
the increased platelet-associated IgG is not true autoanti- 
body.” In addition, platelet-associated IgG is elevated not 
only in typical “immune” thrombocytopenic disorders but 
also in many disorders traditionally not considered to be 
caused by immune mechanisms.* Taken together these 
observations have several possible interpretations: first, ele- 
vated levels of platelet-associated IgG might in part be due to 
artifacts of the test system, for example, contaminating 
platelet fragments. Recent studies suggest that this is an 
unlikely explanation.” Another possible reason for the ele- 
vated levels of platelet-associated IgG in nonimmune throm- 
bocytopenic disorders is that the thrombocytopenia by itself 
could lead to elevated levels of platelet-associated IgG (the 
opposite of what is currently postulated). The studies 
described in this report were designed to address this issue. 
We studied animal models of thrombocytopenia because it is 
difficult to study “pure” thrombocytopenic disorders in 
humans. Typically, patients with one type of thrombocytope- 
nia, for example, aplastic anemia, have thrombocytopenia 
that is complicated by other conditions, such as septicemia, 
which makes it difficult to isolate a single cause for the 
thrombocytopenia. 

To investigate the relationship between the platelet count 
and the level of PAIgG, thrombocytopenia was produced in 
rabbits using several different techniques. The general mech- 
anism responsible for the thrombocytopenia was validated 
with '''Indium-labeled platelet survival studies. The life span 
of '"'Indium-labeled platelets in normal, nonthrombocyto- 
penic rabbits was 68 hours (gamma function analysis), a 
finding similar to that reported by others. Independently, 
the level of PAIgG was measured with a direct binding assay. 
The “positive control” was an animal model of immune 
thrombocytopenia. IgG antirabbit platelet antibody was 
raised in guinea pigs and was demonstrated by both ELISA 
and radioimmunoprecipitation (Fig 2) to react in vitro 
against a number of different glycoproteins. Following infu- 
sion of the antiserum into rabbits, a rapid destructive throm- 
bocytopenia resulted, and greater than 80% of the |" Indium- 
labeled platelets were cleared from the circulation within 30 
minutes after infusion. The fall in the platelet count was 
strongly correlated (r = 0.89) with the amount of serum 
injected. Thus we were able to conclude that the binding of 
the antibody to the rabbit platelets was responsible for the 
thrombocytopenia. The amount of PAIgG on the rabbit 
platelets was measured with a direct binding assay using 
radiolabeled staphylococcal protein A (SpA) as the ligand. 
Staphylococcal protein A binds equally well to both rabbit 
and guinea pig IgG." To measure PAIgG on washed rabbit 
platelets, the specific binding of the '*I-SpA to the washed 
platelets was measured in the standard fashion with subtrac- 
tion of background nonspecific binding from total binding. 
The amount of PAIgG was expressed as molecules of staphy- 
lococcal protein A per platelet because the binding ratio of 
the SpA to platelet-bound IgG was not determined. There 
was a relatively wide range in the level of PAIgG in the 
control rabbits (81 + 168 molecules of SpA per platelet 
[mean + 2 SD, n = 39; range of 10 to 361]). The range is 
similar to the range of PAIgG in healthy humans using a 


ARNOTT, HORSEWOOD, AND KELTON 


similar assay. The large range may reflect the difficulty in 
precisely measuring very low levels of PAIgG plus the large 
sample size (n = 39). 

The infusion of the antiplatelet antiserum into the rabbits 
resulted in a significant fall in platelet count (P < 0.05) that 
was inversely correlated with the rise in the level of PAIgG. 
The level of PAIgG increased from an average of 81 mole- 
cules of IgG per platelet (normal rabbits) to a mean of 2,400 
molecules of SpA per platelet (Fig 3A). The level of PAIgG 
was significantly correlated with the amount of antiserum 
injected (r = 0.94) and more importantly, with the severity 
of the thrombocytopenia (r = 0.86) as shown in Fig 4A. 
Sham-treated animals and animals administered nonimmu- 
nized guinea pig serum did not have a change in the platelet 
count or level of PAIgG. 

The level of PAIgG was also measured in the animals with 
nonimmune destructive and nonimmune aregenerative 
thrombocytopenia. Nonimmune destructive thrombocytope- 
nia was produced by the infusion of adenosine diphosphate 
(ADP) into rabbits. Other investigators have shown that 
ADP infusions result in a dramatic fall in the platelet count, 
presumably due to platelet sequestration within the lungs 
and microcirculation.’ When the rabbits were administered 
ADP, the platelet count immediately fell to similar levels 
caused by the antiplatelet antibody. Yet, when the level of 
PAIgG was measured on the platelets from these rabbits, it 
remained within normal limits (Fig 3A), and there was no 
correlation between the severity of the thrombocytopenia 
and the level of PAIgG (Fig 4B). To exclude the possibility 
that nonimmune thrombocytopenia of a longer duration 
might product a rise in PAIgG, ADP was infused daily into 
rabbits, and the platelet-bound IgG was measured on day 4. 
The level of PAIgG remained within normal limits. 

Aregenerative thrombocytopenia was produced by irra- 
diation of the rabbits. This treatment results in destruction of 
stem cells and megakaryocytes, and the platelet count fell to 
an average of 50% of the pretreatment platelet count at five 
to eight days following irradiation. There was considerable 
variation in the life span of platelets in these animals ranging 
from normal (63 hours) to moderately shortened (11 hours) 
with the overall mean being 30 hours (Table 1). The reason 
for the shortened platelet life span in irradiated animals is 
uncertain but could be due to “fixed” platelet requirements, 
as has been postulated by one group of investigators." 
Alternatively, infection could have caused some degree of 
platelet destruction, however, this hypothesis is unlikely, as 
the animals appeared healthy and blood cultures in four 
animals were negative for pathogens. Regardless of the 
precise cause for the slightly shortened platelet life span in 
these animals, the severity of the thrombocytopenia was 
equal to or more severe than the thrombocytopenia in the 
animals given the antiplatelet serum, yet in no irradiated 
animal did the level of PAIgG rise. 

In none of our studies were we able to demonstrate any 
correlation between the severity of the thrombocytopenia 
and the level of PAIgG except in those animals whose 
thrombocytopenia was caused by immune mechanisms (Fig 
4). These studies indicate that thrombocytopenia by itself is 
no associated with elevation in the level of PAIgG. However, 
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it should be noted that we were only able to produce 
moderate thrombocytopenia in the animals, and it is possible 
that if the animals became extremely thrombocytopenic, 
slight elevations in the level of PAIgG might have been 
observed. Against this hypothesis is the demonstration that 
the fall in the platelet count in the nonimmune thrombocy- 
topenic animals was equal to or greater than that achieved 
with the immune thrombocytopenic animals. Yet in contrast 
to the markedly elevated levels of PAIgG in the immune 
thrombocytopenic animals, there was absolutely no change 
in the level of PAIgG in the nonimmune thrombocytopenic 
animals. Looking for further evidence against the possibility 
that more severe thrombocytopenia might have “unmasked” 
a slight elevation in PAIgG, we carefully examined the level 
of PAIgG in those animals with the most severe nonimmune 
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thrombocytopenia (Fig 3). In none of these animals was 
there even a trend toward increased levels of PAIgG. 

In summary, these studies indicate that elevated levels of 
PAIgG are specific findings of immune thrombocytopenia 
and are not observed in animals with well-characterized 
nonimmune thrombocytopenia. Taken in conjunction with 
previous studies in humans, the current investigations sup- 
port our hypothesis that immune mechanisms contribute to 
more thrombocytopenic disorders in humans than was once 
thought likely. 


ACKNOWLEDGMENT 


The authors thank B. Lahie and J. Butera for their expert typing 
assistance and Aurelio Santos for technical assistance. 


REFERENCES 


1. Dixon R, Rosse W, Ebbert L: Quantitative determination of 
antibody in idiopathic thrombocytopenic purpura. Correlation of 
serum and platelet-bound antibody with clinical response. N Engl J 
Med 292:230, 1975 

2. Kelton JG: Platelet-associated IgG~-An Overview. Clin Res 
33:383, 1985 

3. Kelton JG, Gibbons S: Autoimmune platelet destruction: 
Idiopathic thrombocytopenic purpura. Semin Thromb Hemost 8:83, 
1982 

4. Karpatkin S: Autoimmune thrombocytopenic purpura. Blood 
56:329, 1980 

5. Lo Buglio AF, Court WS, Vinocur E, Maglott G, Shaw CM: 
Immune thrombocytopenic purpura. Use of a '™I-labelled antihu- 
man IgG monoclonal antibody to quantify platelet-bound IgG. N 
Engl J Med 309:459, 1983 

6. McMillan R: Chronic idiopathic thrombocytopenic purpura. 
N Engl J Med 304:1135, 1981 

7. McMillan R, Tani P, Mason D: The demonstration of antibody 
binding to platelet-associated antigens in patients with immune 
thrombocytopenic purpura. Blood 56:993, 1980 

8. Kelton JG, Powers PJ, Carter CJ: A prospective study of the 
usefulness of the measurement of platelet-associated IgG for the 
diagnosis of idiopathic thrombocytopenic purpura. Blood 60:1050, 
1982 

9. Kelton JG, Steeves K: The amount of platelet-bound albumin 


parallels the amount of IgG on washed platelets from patients with 
immune thrombocytopenia. Blood 62:924, 1983 

10, Kelton JG, Meltzer D, Moore J, Giles AR, Wilson WE, Barr 
R, Hirsh J, Neame PB, Powers PJ, Walker I, Bianci F, Carter CJ: 
Drug-induced thrombocytopenia is associated with increased bind- 
ing of IgG to platelets both in vivo and in vitro. Blood 58:524, 1981 

ll. Faig D, Karpatkin S: Cumulative experience with a simpli- 
fied solid-phase radioimmunoassay for the detection of bound anti- 
platelet IgG. serum auto-, allo-, and drug-dependent antibodies. 
Blood 60:807, 1982 

12. Lindmark R. Thoren-Tolling K, Sjoquist J: Binding of immu- 
noglobulins to protein A and immunoglobulin levels in mammalian 
sera. J Immunol Methods 62:1, 1983 

13. Kelton JG, Sheridan D, Neame PB, Simon GT: Platelet 
fragments do not contribute to elevated levels of platelet associated 
IgG. Br J Haematol 61:707, 1985 

14. Hill-Zobel RL, Scheffel U, Mcintyre PA, Tsan M-F: '"'In- 
oxine-labeled rabbit platelets: In vivo distribution and sites of 
destruction. Blood 61:149, 1983 

15. Jorgensen L, Hovig T, Rowsell HC, Mustard JF: Adenosine 
diphosphate-induced platelet aggregation and vascular injury in 
swine and rabbits. Am J Pathol 61:161, 1970 

16. Hanson SR, Slichter SJ: Platelet kinetics in patients with 
bone marrow hypoplasia: Evidence for a fixed platelet requirement. 
Blood 66:1105, 1985 


Immature Dense Granules in Platelets From Mice 
With Platelet Storage Pool Disease 


By Madonna Reddington, Edward K. Novak, Edward Hurley, Chitra Medda, Michael P. McGarry, and Richard T. Swank 


Mepacrine uptake into platelets and bone marrow mega- 
karyocytes was analyzed to further characterize the dense 
granule defects in a group of seven mouse pigment 
mutants that have characteristics of platelet storage pool 
disease (SPD). In contrast to our previous studies using 
electron microscopy, this method revealed that all mutants 
had normal numbers of dense granules. However, total 
mepacrine uptake in all mutant platelets was significantly 
diminished to less than 50% of normal uptake. Also, the 
flashing phenomenon observed when normal dense gran- 
ules are irradiated with ultraviolet light was either greatly 
diminished or absent when platelets of individual mutants 
were similarly irradiated. Therefore the principal defect in 


EVEN (beige, pearl, pallid, maroon, ruby-eye, light ear, 
and pale ear) separate recessive mutations of the mouse, 
which cause diluted pigmentation, have been shown to have 
associated increased bleeding times together with platelet 
storage pool disease (SPD).' The beige mouse? is an animal 
model for human Chédiak-Higashi syndrome (CHS), and 
the remaining mutants are candidate animal models for 
other human platelet storage pool diseases such as Hermans- 
ky-Pudlak syndrome (HPS).*° The symptoms of human 
platelet storage pool deficiency have been subclassified into 
four groups.® This suggests human SPD, like mouse SPD, 
may be caused by different genetic loci.® 
These seven mouse pigment mutants have defects in 
structure and/or function of at least three subcellular or- 
ganelles. First, melanosomal abnormalities in several cases 
are responsible for their diluted pigmentation.’ Second, all 
have abnormal secretion of lysosomal enzymes from kidney 
proximal tubule cells." Also, when platelets are stimulated 
with thrombin, abnormal lysosomal enzyme secretion is 
observed in beige, pearl, pallid, light ear, and pale ear.' 
Similarly, when macrophages of pale ear mice are treated 
with amines, lysosomal enzyme secretion is reduced. A 
well-documented presence of giant lysosomes occurs in many 
tissues of the beige mouse’! as well as in patients with CHS 
syndrome.’ Ceroid-like deposits observed in kidneys of mouse 
models of HPS" have recently been described in an autopsy 
of a HPS patient.” The third defective organelle in all seven 
mouse pigment mutants is the platelet-dense granule. Plate- 
lets from all seven mutants have abnormally low dense 
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the mutant platelets is an inability to accumulate dense 
granule contents rather than an absence of the granules. 
Mepacrine uptake into megakaryocytes was indistinguish- 
able in normal and mutant mice. This indicates the mutant 
dense granule defects appear either very late in mega- 
karyocyte development or early in platelet formation in 
correlation with development of the mature dense granule. 
By standard transmission electron microscopy we have not 
been able to detect gross structural or subcellular abnor- 
malities in either platelets or megakaryocytes of mutant 
mice. It appears all seven mutants produce immature or 
functionally abnormal dense granules. 

© 1987 by Grune & Stratton. Inc. 


granule contents such as adenine nucleotides and seroto- 
nin.''* Also, by electron microscopic analyses of whole- 
mounted platelets, very few dense granules are visible in any 
mutant platelets, and most platelets have no dense gran- 
ules.''* Thus these mouse pigment mutants emphasize the 
interrelatedness of different subcellular organelles and rep- 
resent a rich source of separate genes that control the 
biogenesis, structure, and/or processing of these organelles. 

By reciprocal bone marrow transplantation,’*!® we have 
shown that in all seven mouse models of platelet storage pool 
deficiency the bleeding defect is likely due to an intrinsic 
defect expressed in marrow-derived platelet progenitor cells. 
To determine the stage in platelet or megakaryocyte develop- 
ment in which the dense granule defect first appears, the 
fluorescent dense granule marker, mepacrine, was used. This 
basic compound provides a useful method of monitoring 
dense granules of platelets and megakaryocytes. since it is 
rapidly and specifically concentrated in dense granules. ™* 
We report our analyses of dense granules of platelets and 
megakaryocytes of normal and seven separate SPD mouse 
mutants using mepacrine labeling. The results obtained 
using animal models for SPD are compared to those 
described in patients with CHS and HPS. 


METHODS 


Normal C57BL/6J and congenic or coisogenic homo- 
zygous mutants—-beige (bg/bg), pearl (pe/pe), pallid ( pa/pa). light 
ear (/e/le). pale ear (ep/ep), maroon (ru-2""/ru-2""), and ruby 
(ru/ru)——were either obtained from the Jackson Laboratory, Bar 
Harbor, ME, or were bred in our animal facilities. Animals approxi- 
mately 2 to 4 months of age and of both sexes were used. The 
properties of these pigment mutants, which exhibit symptoms of 
platelet storage pool diseases, are reviewed by Novak et al,' and their 
history is reviewed by McGarry et al."* 

Isolation of platelets and megakaryocytes. Animals were killed 
by anoxia with CO,. Blood was collected by heart puncture into a 
22-gauge needle attached toa I-mL syringe containing 0.1 mL 3.8% 
sodium citrate.” Platelet-rich plasma was isolated by centrifugation 
ten minutes at 150 g.” 

Megakaryocytes were flushed from each femur with 0.75 mL 
“mega” medium containing | mmol/L adenosine, 2 mmol/L. the- 
ophylline, 18.7 mmol/L Hepes buffer, 100 mmol/L glycine, 5 
mmol/L EDTA, and 5% fetal calf serum in calcium and magne- 


Animals 
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sium-free Hanks’ balanced salt solution, pH 7.0, containing 40 
U/mL of DNase.”! The bone marrow cell suspension (3 to 5 x 10° 
cells/mL) was filtered through a wire 200 mesh filter, then partially 
purified first by Percoll gradients followed by Ficoll density gradient 
(2% to 5% Ficoll) centrifugations according to Rabellino et al.” In 
later procedures the Percoll gradient fractionation was eliminated, 
since the percent purification was unchanged and yield was 
improved. Filtered bone marrow cell suspension (1.5 mL) was 
layered onto a 12.0 mL 2% to 5% Ficoll gradient and spun at 100 g 
for ten minutes. The pellet was resuspended in 1.0 mL mega 
medium, layered onto a second 6-mL 2% to 5% Ficoll gradient, and 
centrifuged at 100 g for ten minutes. The pellet was resuspended in 
1.0 mL mega medium and used immediately. Samples were stained 
for acetylcholinesterase (specific for rodent megakaryocytes and 
precursors,” to monitor the purification. Typically, partially purified 
preparations contained 10% megakaryocytes. In control experiments 
it was found that both small and large bone marrow cells accumu- 
lated mepacrine in granules. To selectively analyze megakaryocytes 
for mepacrine uptake, only cells larger than 20 um in diameter were 
monitored. Analysis of partially purified megakaryocyte prepara- 
tions revealed that 60% of acetylcholinesterase-positive cells had 
diameters larger than 20 um, whereas 90% of acetylcholinesterase- 
negative cells had diameters less than 20 um. Thus this procedure 
ensured that we were preferentially monitoring uptake into mega- 
karyocytes, although it did not allow measurements on smaller (<20 
um) megakaryocytes. 

Mepacrine uptake. Pilatelet-rich plasma containing 5 x 107$ 
mol/L mepacrine was incubated for 30 minutes at 37°C. Platelets 
were harvested by centrifugation at 1,000 g for ten minutes, washed 
twice with Tyrode’s calcium-free solution,’ and resuspended in the 
above Tyrode's solution at a 3 to 5 x 10° cells/mL. A drop of platelet 
suspension was placed on a glass slide with coverslip. After five 
minutes cells were analyzed in a Leitz MPV-2 fluorescent micro- 
scope with photomultiplier attachment. A mercury lamp (Osram 
mode! HBO, 200W/L2) with excitation filter at 450 to 490 nm and 
emission filter passing wavelengths above 510 nm was used. Platelets 
and megakaryocytes were analyzed under oil at 1,000 x magnifica- 
tion. Extraneous light was minimized by centering cells in the middle 
of a consiricted circle formed by an iris diaphragm. The number of 
granules in individual cells was first counted. After a few seconds the 
granules began flashing. Both individual granules and granule 
flashes were recorded visually. Light photomicrographs of platelets 
were obtained in separate experiments with Kodak Tri-X Pan 400 
film using the same microscope by exposing the cells to ultraviolet 
light for only five seconds to avoid the flashing phenomenon that 
occurs upon prolonged exposure to ultraviolet light. 

Intensity of fluorescence (millivolts) was determined in separate 
platelets with a MPV-2 Leitz-Wetzlar photomultiplier together with 
recorder. To avoid discharge of granule contents by prolonged 
irradiation with UV light, the illuminated field was changed after 
examination of each cell. Standard curves with known concentra- 
tions of mepacrine in solution over the entire range of intensities 
recorded in platelets and megakaryocytes verified that the response 
was linear. 

Electren microscopy. Platelets and partially purified mega- 
karyocytes were prepared for electron microscopy according to 
White.“ Specimens for electron microscopy were initially fixed in 
0.1% glutaraldehyde in White's buffer and washed in buffer before 
fixation in 3% glutaraldehyde in Sorensen’s phosphate pH 7.3 or 
White’s buffer. They were rinsed in phosphate buffer, postfixed in 
1% Osmmm tetroxide, and embedded in Epon-Araldite. Sections 
were cut on an LKB IH ultramicrotome, stained with uranyl acetate 
and lead citrate, and examined with a Siemens 101 electron micro- 
scope. Samples from two normal and two of each of the mutant mice 
were analyzed. 
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RESULTS 


Mepacrine accumulation in platelets. Mepacrine was 
observed (Fig 1) to accumulate in discrete granules in 
normal and mutant platelets. Platelet cytoplasm contained 
only diffuse weak fluorescence. Photographs of platelets of 
three mutants—beige, pallid, and pale ear—~are presented, 
but qualitatively similar results were obtained in all seven 
mutants of this study. Granules in normal platelets were 
more intense (see below) than in mutants, indicating an 
increased capacity to accumulate mepacrine. 

When the number of platelet granules that accumulate 
mepacrine was enumerated (Table 1), there was in fact no 
significant difference between normal platelets and platelets 
from each of the seven mutants. All had five to six dense 
granules on average per platelet. One possibie explanation of 
this result was that lysosomes were being counted as dense 
granules in mutant platelets. Mepacrine is an amine that ts 
classified as a weak base. Weak bases are known to accumu- 
late in lysosomes in several cell types.” To test whether 
mepacrine was taken up into lysosomes in addition to dense 
granules, we took advantage of the fact that both normal and 
beige platelets take up and secrete serotonin from dense 
granules after thrombin stimulation, while only beige plate- 
lets are selectively inhibited in lysosomal enzyme secretion.’ 
Thus if mepacrine were taken up primarily into dense 
granules, mepacrine-containing granules would be equally 
and efficiently secreted on thrombin stimulation from both 
normal and beige platelets. If lysosomes were involved, 
normal platelets would secrete more mepacrine-containing 
granules than beige platelets. When thrombin-treated plate- 
lets were examined by light microscopy, both normal and 
beige platelets secreted all mepacrine-containing granules, 
indicating that in mouse platelets mepacrine accumulates 
primarily in dense granules. Skaer et al have likewise 
presented evidence that mepacrine stains the dense bodies of 
platelets, not platelet lysosomes. 

When an individual platelet was illuminated with ultravio- 
let (UV) light, discrete mepacrine-containing granules were 
observed. However, within a few seconds the granules began 
to flash and subsequently to fade. The flashing phenomenon, 
while incompletely understood, is thought to be a qualitative 
measure of the physical/chemical environment within the 
dense granule.” Humination with UV light probably causes 
release of mepacrine into cytosol where it is less quenched, 
thus resulting in “flashing.” It is apparent (Table 1) that 
there are marked differences in the flashes/platelet in nor- 
mal and mutant mice. In normal mice the flashes per platelet 
are identical to the number of dense granules per platelet, 
indicating each dense granule flashes. In contrast, platelets 
of beige, pearl, and pallid mice exhibit little or no flashing 
(3% to 6% normal values). Higher rates of flashing were 
apparent in the light ear and pale ear mutants (43% and 
37%, respectively, of normal) and the ruby-eye and maroon 
mutants (25% and 17% of normal). Thus in each of the 
mutants the number of flashes/granule is reduced, although 
the number of mepacrine-containing granules is normal. 

Mepacrine accumulation during a 30-minute incubation 
was measured as the relative fluorescence intensity /platelet. 
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Fig 1. Visualization of dense granules in 
mepacrine-labeled platelets. Platelets from 
normal and mutant mice were treated with 
mepacrine, washed, and observed in a fluores- 
cent microscope and photographed. In both 
normal and mutant platelets, mepacrine was 
localized in discrete granules (arrows). (A), 
normal; (B), beige; (C), pallid; (D), pale ear. 


Platelets from all mutants accumulated less mepacrine than 
normal platelets. Of interest is the fact that the beige, pearl, 
and pallid mutants that were most abnormal in regard to the 
flashing phenomenon also accumulated the least mepacrine, 
only 19%, 16%, and 17%, respectively, of normal platelets. In 
the remaining four mutants, mepacrine accumulation was 
between 27% and 50% of normal accumulation. 

Mepacrine uptake into megakaryocytes 
uptake into partially purified large ( 
cytes of bone marrow of normal and mutant mice was 


Mepacrine 
20 um) megakaryo- 


quantitated by fluorescence (Table 2). No significant differ- 
ence in intensity was noted between normal and mutant cells 
The variation in intensity within normal or mutant mega- 
karyocytes was large. Plots of intensity v size (not shown) 


showed that this variation in mepacrine uptake was not 
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intensity of all megakaryocytes per unit cell volume was 


much less than that of platelets (compare Tables | and 2) 
given the fact that megakaryocytes may give rise to about 
4,000 to 8.000 platelets.” 

Although individual mepacrine-containing organelles 
were clearly visible in normal and mutant megakaryocytes, 
we did no: attempt to count them because it was not possible 
to visualize all organelles in cne focal plane in the relatively 
thick megakaryocytes. A significant finding was that flash- 
ing of mepacrine-labeled granules was observed in a small 
number (~1%) of normal megakaryocytes but was never 
observed in megakaryocytes from any of the seven mutants 

Electren microscopic analysis of normal and mutant 
Standard 
electron microscopy of osmium-fixed thin sections revealed 


platelets and megakaryocytes transmission 














correlated with cell diameter. It was also noted that the no gross structural abnormalities in mutant platelets (Figs 2 
Table 1. Mepacrine Uptake in Platelet Granules 
Granules/Platelet Flashes/Platelet Flashes/Granule Relative Intensity/Platelet (mV) 

Normal C57BL/6J 6.2 + 0.54 6.0 + 69 0.99 73 + 7.21100) 
Beige 6.2 + 0.57 0.2 + .09* 0.03 14 + 3.3* (19) 
Pearl 5.0 + 0.39 0.4 + .12* 0.08 12 + 4.2* (16) 
Pallid 5.2 + 0.69 0.3 + .25° 0.06 12 + 3.0* (17) 
Light ear 6.0 + 0.42 2.6 + .30° 0.43 28 + 3.8* (38) 
Pale ear 6.3 + 0.60 2.2 39° 0.35 20 + 8.0* (27) 
Ruby-eye 5.9 + 0.43 TOt -aS 0.25 37 + 2.8* (50) 
Maroon 5.2 + 0.47 1.0 + .24* 0.19 30 + 7.4ł (41) 

Characteristics of dense granules of normal and mutant platelets as revealed by mepacrine uptake determined by fluorescence microscopy. Values 


represent the mean 


SEM of 20 to 25 platelets in each case. Relative intensity/plateet was determined prior to commencement of the flashing 


phenomenon. Values in parentheses are the % intensity compared to the intensity of C57BL/6J platelets, normalized to 100% 


*P = 0.001 
tP = 0.01 
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Table 2. Mepacrine Uptake Into Megakaryocytes 





Relative Intensity 





(mV/cell) 
Normal C57BL/6J 6900 + 740 (28) 
Beige 5320 + 940 (36) 
Pear! 4960 + 540 (65) 
Pallid 5980 + 620 (30) 
Light ear 4340 + 660 (40) 
Pale ear 6300 + 720 (30) 
Ruby-eye 6460 + 720 (50) 
Maroon 6360 + 880 (40) 





Quantitative fluorescence values represent the mean + SEM of the 
indicated number (in parenthesis) of megakaryocytes 


and 3). Although for comparison we have presented only 
pictures of normal and pallid platelets, all seven mutants and 
normal cells gave indistinguishable profiles for each cell 
type. All mutant cells had normal size and shape. Mutant 
platelets displayed the prominent circumferential ring of 
microtubules and appeared to have a normal intracellular 
complement of granules, mitochondria, and glycogen par- 
ticles, and these organelles displayed a normal morphology. 
We did not attempt to analyze dense granules by this 
method. Platelet-dense granules are rarely seen in thin 
sections and are difficult to distinguish unequivocally from 
other platelet granules in these sections. Similarly, electron 
microscopic analysis (not shown) of megakaryocytes from 
normal and mutant mice revealed no gross structural abnor- 
malities. 


DISCUSSION 


A major conclusion of this study is that all seven mouse 
pigment mutants, previously characterized as animal models 
of platelet storage pool disease and as having very few dense 
granules by electron microscopic analysis of unfixed, whole- 
mounted platelets’ actually contain normal numbers of 
immature dense granules. The mutant platelet granules, 
however, are qualitatively abnormal. They accumulate much 
less mepacrine than normal granules and exhibit fewer 
flashes. In both of these properties, the mutants are divisible 





Fig 2. Analysis of platelets from normal mice by transmission 
electron microscopy. Abbreviations: m, mitochondrion; mt, micro- 
tubule; g, granule; gly, glycogen granules. Measuring bar 0.5 
um. 





Fig 3. 


Analysis of platelets from pallid mice by transmission 
electron microscopy. Abbreviations: m, mitochondrion; mt, micro 
tubule; g, granule. Measuring bar = 0.5 um. 


into two major groups. The beige, pearl, and pallid platelets 
have a near absence of flashes and less than 20% normal 
mepacrine accumulation, while light ear, pale car, ruby-eye, 
and maroon platelets flash at 17% to 44% the normal 
frequency and accumulate 27% to 50% the normal mepa- 
crine concentrations. In previous experiments’ it was likewise 
found that the mutants were separable into the same two 
groups when concentrations of platelet-dense granule con- 
tents such at ATP and serotonin were examined. A likely 
explanation for the correlation between lowered mepacrine 
accumulation and decreased platelet-dense granule contents 
is that mepacrine has been shown to bind with high affinity 
to dense granule components such as ATP.” The lowered 
accumulation of mepacrine in mutant platelets is in agree- 
ment with the previously determined''* lowered rate of 
accumulation of another dense granule component, seroto- 
nin, in the pearl, pallid, light ear, and pale ear mutants 
Taken together the data suggest platelets from all seven 
mutants have normal numbers of immature platelet-dense 
granules that are unable to retain normal quantities of dense 
granule components. 

The results of these experiments can be compared to 
studies on various human and animal platelet storage pool 
diseases. In humans the two most studied forms of storage 
pool disease are Chédiak-Higashi (CHS) syndrome’ and 
Hermansky-Pudlak syndrome (HPS)*° 

Several studies''?**' of CHS platelets have demonstrated 
reduced levels of dense granule contents such as serotonin, 
ADP, and ATP. Most??? but not all’! morphological analy- 
ses of human CHS platelets have revealed decreased num- 
bers of dense bodies. 

In platelets from animal models of CHS storage pool 
114.1929.33 Symptoms similar to that of human CHS 
Morphological studies by transmission electron 


disease, 
occur 

microscopy using White’s method™ and the uranaffin fixa- 
tion method™ revealed a marked reduction of dense granules 
per platelet in cattle,“ mink, cat, and beige mouse” 
models of CHS 
used, only a small (35%) reduction of dense granules was 


However, when mepacrine labeling was 


observed in the beige mouse model.” In addition, similar to 
our results, the relative intensity of mepacrine accumulation 
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was one-half normal, and flashing of beige platelet granules 
was virtually absent.” 

Several groups have studied platelet dense granules in 
HPS. By morphological studies using White’s method?’ and 
the uranaffin method,” dense granule numbers were greatly 
reduced in platelets from HPS. By mepacrine labeling using 
platelets from the same patients as the uranaffin method,” 
50% to 70% of normal platelet-dense granules were found, 
and fluorescence intensity was 15% to 42% of normal. 
Flashing was measured in one patient and found to be 10% of 
normal levels.** Mepacrine studies with platelets from the 
fawn-hooded rat, an animal model for HPS, revealed 86% 
the normal dense granule number, 81% normal intensity, and 
23% normal flashing. These results are similar to those 
obtained for the pale ear, light ear, ruby-eye, and maroon 
mutants. 

We believe it is likely the studies reporting large 
decreases in numbers of platelet-dense granules in CHS and 
HPS reflect limitations of the methods used. Two laborato- 
ries“? used White’s method to analyze thin sections, 
others™™™ the uranaffin method,” and still another? the 
whole-mount electron microscopic method.”* These tech- 
niques depend upon having normal or near normal concen- 
trations of dense-granule contents for identification in the 
electron microscope. This is true for the whole-mount meth- 
od, which uses no fixatives and relies upon the natural 
density of the granule, and for the uranaffin method, which 
depends upon reaction with ATP in the granule. In White's 
method external calcium is included in the fixation medium 
to enhance dense granule contrast, but it is uncertain if this 
procedure adequately labels all dense granules in SPD 
patients. It is commonly found that other externally added 
components, such as serotonin and mepacrine, accumulate in 
dense granules of SPD patients to a much lower degree than 
in dense granules of normal patients. On the other hand, the 
mepacrine-labeling method utilized to study SPD platelets in 
this study and others™®?®404 js a sensitive fluorescent method 
that is easily capable of revealing dense granules, even if only 
15% to 20% the normal concentration is taken up into dense 
granules. We have analyzed the same normal and mutant 
mouse platelets by the mepacrine (this report) and whole- 
mount method.’ It was found that the latter method revealed 
greatly reduced numbers of dense granules, while the mepa- 
crine technique indicated normal dense granule number. 
Similarly, Richards et al” and Lorez and Da Prada% ana- 
lyzed platelets of beige mice by the mepacrine and uranaffin 
methods and found no dense granules by the latter method 
but near normal numbers by the former. Rendu et al? 
analyzed normal and CHS platelets by the mepacrine tech- 
nique and by White’s method. While both methods revealed 
decreased contents of dense granules in CHS patients, the 
decrease was much larger with White's method. Thus it 
appears likely that the whole-mount, uranaffin, and White’s 
methods are well suited for revealing “full” granules, while 
the mepacrine-labeling method detects both “full” and 
“empty” granules. We believe, therefore, that taken 
together, the available data suggest that while there is a 
partial reduction of platelet-dense granules in certain 
cases,*™*' the platelet-dense granule defect in SPD is due to 
major qualitative abnormalities in dense granules that 
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impair their ability to accumulate normal contents rather 
than to an absence of dense granules per se. 

Total mepacrine uptake in our studies into megakaryo- 
cytes, in contrast to platelets, was relatively low and also was 
not significantly different in normal and mutant mice. Thus 
the mutant dense-granule defects (ie, absence of dense 
granule contents) appear either very late in megakaryocyte 
development or early in platelet formation. The finding that 
a few (~1%) normal megakaryocytes flashed while no flash- 
ing was detectable in any mutant megakaryocytes suggests 
that only a small population of megakaryocytes, possibly a 
very late stage in maturation, contains mature dense gran- 
ules. Since flashing was never seen in the mutant cells, the 
mutant defects likely are already present in megakaryocytes. 
The absence of flashing of dense granules of mutants illus- 
trates that mutant dense granules express their immature 
phenotype when formed. 

The low mepacrine accumulation in megakaryocytes is 
consistent with what is known of the timing of the accumula- 
tion of dense granule contents in normal platelets. For 
example, Mishory and Danon” found that newly formed 
platelets entering the bloodstream have practically no osmo- 
philic organelles and that the number and size of these 
organelles increases with the age of the platelets. 

The fact that mepacrine uptake is equal in normal and 
mutant megakaryocytes is consistent with the idea that the 
dense granule defect in all mutants is not in production of 
dense granules, since immature dense granules are present in 
mutant megakaryocytes. Rather, the defect seems to reside 
in the ability of dense granules to accumulate normal 
contents. Previous experiments utilizing bone marrow trans- 
plantation have shown that factors extrinsic to bone marrow 
precursor cells are not defective.'*'® Also, initial rates of 
accumulation of one dense granule component, serotonin, are 
normal,'"* suggesting a normal transport mechanism. The 
defects in mutant platelets, therefore. are more likely to lie in 
mechanisms for retention of dense-granule components. 

It is possible that some other substance(s) is present in 
mutant dense granules that prevents accumulation of dense- 
granule components and inhibits flashing. This is unlikely, at 
least in regard to primary gene products, since it is expected 
that a recessive mutation would result in a deficiency, rather 
than an increase, in the gene product. It remains possible that 
accumulation of such hypothetical substances could occur in 
mutant granules as a secondary effect of the mutations. 

One uncertainty in interpretation of our megakaryocyte 
data is that, in comparison to platelets, there is less indepen- 
dent evidence that mepacrine uptake is principally into dense 
granules. The fact, however, that megakaryocytes incorpo- 
rate labeled serotonin® is evidence that they are capable of 
concentrating normal dense-granule components. Also, 
Hourdille’ et al“ considered their finding of lowered mepa- 
crine accumulation in megakaryocytes of a patient with a 
dense-granule defect as evidence that the mepacrine is 
incorporated mainly into dense granules. 

Relatively few studies have been performed on dense 
granules of megakaryocytes of human storage pool disease. 
Hourdille’ et al“ found, in contrast to our results with 
mutant mice, that 74% of megakaryocytes of a patient with 
HPS showed no labeling with mepacrine and concluded, 
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therefore, that the platelet anomaly is secondary to a mega- 
karyocyte anomaly. Richards and Da Prada” found no 
positive uranaffin reaction in megakaryocytes of HPS 
patients or beige mice or fawn-hooded rats. However, this 
same method of detection also revealed™ no positive reaction 
in platelets of the above mutant animals while we and Lorez 
et al® have readily detected dense granules in platelets of 
these mutants using the mepacrine-labeling technique. 
Therefore, as previously discussed, the mepacrine method 
may be a more sensitive method of detecting the relatively 
immature dense granules of megakaryocytes. Further studies 
on megakaryocytes of SPD patients are needed for an 
adequate comparison to our results using the various mouse 
mutants. 
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These results show that the normal accumulation of dense 
granule contents is under multigenic control with at least 
seven genes involved. The molecular bases for the organelle 
defects in the mouse mutants are still unknown. A specula- 
tive explanation of our results is that the mutants have 
defects in the membrane of dense granules. Probably such 
defects are also present in lysosomes and melanosomes,*? 
emphasizing the relatedness of the three organelles. Our 
current focus is on identifying the primary gene products 
involved in the mouse models of SPD. 
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The Presence of Clonogenic Cells in High-Grade Malignant Lymphoma: 
A Prognostic Factor 


By Mary E. Tweeddale, Bing Lim, Nazir Jamal, Jean Robinson, John Zalcberg, Gina Lockwood, 
Mark D. Minden, and Hans A. Messner 


A culture system has been developed that promotes 
growth of clonogenic lymphoma cells of some patients with 
intermediate and high-grade malignant lymphoma. The 
formation of colonies in bone marrow, lymph nodes, and 
peripheral blood samples is best supported by human 
plasma. Colony formation of some patients was dependent 
upon growth factors, which in this study were added in the 
form of medium conditioned by phytohemagglutinin (PHA)- 
stimulated leukocytes (PHA-LCM). Some gave rise to lym- 
phoma colonies without PHA-LCM but improved their 
frequency with PHA-LCM; others were completely inde- 
pendent of PHA-LCM. Colonies grown in primary cultures 
were routinely recloned and propagated as Epstein-Barr 


HE MALIGNANT non-Hodgkin’s lymphomas repre- 

sent a diverse group of neoplasms with heterogeneous 
histopathologic’? and clinical presentations.** A similar 
degree of variation is apparent when cellular properties are 
studied. Analysis of cell surface antigens with monoclonal 
antibodies (MoAbs) indicates that lymphoma cells of indi- 
vidual patients may reflect different stages of normal B cell 
or T cell differentiation.’ Cell culture conditions are avail- 
able to grow normal and abnormal B cells; a number of 
investigators have contributed to the evaluation of normal 
and abnormal B cell proliferation in cell culture’? Although 
the cell culture systems vary in detail, they all have in 
common the requirement for either feeder cells, cell-derived 
stimulating molecules, and/or mitogens such as Staphylo- 
coccus aureus protein A (SPA) or anti-immunoglobulin 
antibodies. These studies indicate that the proliferation and 
maturation of normal B cells may require a series of signals 
that are mediated by molecules'*” defined as B cell activa- 
tor, B cell growth factor, and B cell maturation factor. It is 
not known whether clonogenic populations of B cell neo- 
plasms are subject to similar controls or whether they 
proliferate autonomously. The exact requirements for 
growth are unknown. Smith et al’? found that cells of some B 
cell malignancies could grow in the presence of fetal calf 
serum (FCS) and medium, while we observed that the 
growth of myeloma colonies required human plasma as well 
as PHA-LCM.”? We have used the same culture system to 
analyze bone marrow, peripheral blood, and lymph node 
samples of patients with lymphoma to identify whether or not 
a clonogenic tumor stem cell population can be detected and 
propagated for further studies. In addition we examined the 
prognostic significance of colony growth. 


MATERIALS AND METHODS 
Patient Material 


The patient material was contributed by collaborating physicians 
located at the Princess Margaret Hospital, the Wellesley Hospital, 
and the Sunnybrook Medical Centre, University of Toronto. As part 
of their diagnostic workup, bone marrow, peripheral blood, and 
lymph node specimens were obtained from consenting, unselected 
patients presenting to the above institutions with the provisional 
diagnosis of malignant lymphoma. In addition, samples became 
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virus (EBV)-negative cell lines with stable B cell phenotype. 
The cell lines showed the same immunoglobulin rearrange- 
ment pattern as that observed in the primary lymphoma 
sample. in addition, a significant clinical correlation was 
observed between culture data and clinical outcome. Sur- 
vival of patients who formed lymphoma colonies at any 
time during their clinical course was significantly shorter 
than survival of patients who did not give rise to colonies (P 
= 0.0009). The same observation was made when the 
survival assessment was performed for the subset of 
patients studied at diagnosis (P = 0.0014). 

© 1987 by Grune & Stratton, Inc. 


available from patients with malignant lymphoma in relapse. The 
histologic diagnosis and clinical status of the patients was unknown 
to the investigators until the growth pattern in culture was uncquivo- 
cally determined by following cultures for at least 2 months. 


Preparation of the Samples 


Bone marrow and peripheral blood samples were aspirated into 
heparinized syringes and centrifuged in 60% Percoll to obtain a 
mononuclear cell suspension of density less than 1.077 g/mL. 
Surgically obtained lymph node sections were cut with scissors and 
passed through a fine wire mesh to prepare a single cell suspension. 


Cell Culture Studies in Semisolid Medium 


Freshly prepared cell suspensions were plated in methylcellulose 
as previously described. ™” Briefly, cells were cultured in Iscove’s 
modified Dulbecco's minimum essential medium (IDMEM; Gibco, 
Grand Island, NY), 30% normal human plasma prepared under 
platelet-poor conditions.“ 5 x 107% mol/L 2 mercaptoethanol 
(2ME). (Sigma, St. Louis), and 0.9% methylcellulose (Dow Chemi- 
cal Co, Midland, MI). Each sample was grown with and without 
10% of PHA-LCM (PHA,HA15; Wellcome Diagnostics, Dartford, 
England).”* Cells were plated in duplicates, bone marrow cells at 2 x 
10°/mL, peripheral blood cells at 4 x 10°/mL, and lymph node cells 
at 5 to 10 x 10°/mL in 35-mm Petri dishes (LUX. Lab-Tek 
Division, Miles Laboratories, Naperville, IL). The cultures were 
incubated at 37°C in a humidified atmosphere supplemented with 
5% CO,. The plates were frequently inspected for the emergence of 
colonies and scored on days 10 to 14. One of the plates of cach 
experimental group was then supplemented with an additional I-mL. 
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layer of the above described culture medium to allow long-term 
observation of the cultures at least until day 30. 

The content of the second primary culture plate of each group was 
resuspended in IDMEM,” replated under identical culture condi- 
tions, and observed for 6 to 8 weeks. This recloning procedure was 
performed for primary cultures of all patients independent of 
whether or not lymphoma colonies were identified. 


Studies in Liquid Suspension Culture 


Primary samples that contained sufficient cells were also used to 
initiate liquid suspension cultures in IDMEM, 20% normal human 
plasma, 5 x 10°* mol/L 2ME, and 10% PHA-LCM. This medium 
was completely exchanged at weekly intervals. Lymphoma colonies 
propagated in semisolid medium were also transferred into liquid 
suspension cultures and maintained as cell lines under the above 
described conditions. 


Phenotypic Characterization of Lymphoma Cells 
Propagated in Long-term Cultures 


Cells maintained in semisolid or liquid long-term cultures were 
carefully washed in IDMEM and examined on multiple occasions 
with a panel of MoAbs directed against B cell specific surface or 
cytoplasmic antigens. B1, B2, B4, and PCAI were a generous gift of 
Dr Lee Nadler (Dana Farber Institute, Boston). Antibodies against 
the u, 6, y, x, and À chains were obtained from Tago Inc, Burlingame, 
CA. The panel also included MoAbs against the common ALL 
antigen (CALLA, J5 Coulter Immunology, Hialeah, FL), H-2 
receptor (TAC, Dr L. Nadler), the T cell subsets T3, T4, T6, and T8 
(Ortho Diagnostic Systems, Don Mills, Ontario), and determinants 
associated with myeloid cells. T101 was kindly provided by Dr Ivor 
Royston (San Diego, CA). Staining was performed according to the 
technique described by Smith et al” and analyzed by immunofluo- 
rescence microscopy. 


Preparation and Analysis of DNA 


Cells from lymph nodes were washed twice in phosphate-buffered 
saline and resuspended in 10 mmol/L Tris pH 7.5, 100 mmol/L 
NaCl, | mmol/L EDTA (TNE) with 1% sodium dodecyl sulfate 
(SDS), and 200 ug/mL proteinase K incubated at 37°C over night 
and extracted sequentially with phenol: chloroform and then twice 
with chloroform. The DNA was precipitated with isopropanol and 
resuspended in 10 mmol/L Tris pH 7.5 1 mmol/L EDTA. Ten 
micrograms of DNA was digested with the restriction enzyme 
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EcoR1, separated by agarose electrophoresis, and transferred to 
nitrocellulose.” 


Probes 


The presence of EBV was determined using a probe to BAM Hik 
region of EBV provided by Dr G. Miller, New Haven, CT.” The 
structure of the Ig heavy chain locus” was determined using a 3kb 
EcoRI, Hind IH fragment containing heavy chain J region provided 
by Dr P. Leder, Boston. DNA fragments were labeled by nick 
translation with ?P.>! 


Histologic Assessment 


All lymph node specimens were classified according to Rappa- 
port! and the working formulation.’ 


Statistical Analysis 


The survival of patients who formed lymphoma colonies and 
patients who did not form lymphoma colonies was examined by 
Kaplan-Meier analysis” and compared by the method described by 
Mantel.” The two groups were tested for differences in clinical 
attributes using the chi-square” or Mann-Whitney u test." 


RESULTS 
Clinical Data 


Sixty-nine patients with non-Hodgkin’s lymphoma with 
varying histologic phenotype and clinical stage were entered 
into the study. The available specimens included 31 lymph 
nodes, 33 bone marrow aspirates, six peripheral blood sam- 
ples, one soft tissue tumor, and one mediastinal mass. Three 
patients were studied using material of more than one tissue 
source. Thirty-nine samples were obtained at diagnosis, 30 
during relapse, 49 specimens were involved with lymphoma, 
20 did not show any detectable lymphoma cells upon histo- 
logic and cytologic assessment. Table | presents a summary 
of the various samples from patients with non-Hodgkin's 
lymphoma. As can be seen, the development of EBV- 
negative lymphoma colonies was restricted to samples 
derived from patients with intermediate or high-grade malig- 
nant lymphoma. 


Table 1. Histologic Phenotypes, Staging, Cell Source and Growth Pattern of All Patients Studied in Cell Culture 











Histologic No. of Staging x Tissi x No. of 
Classification Patients l i i iV LN BM PB Other Growers 

Small lymphocytic 5 0 0 (0) 5 3 2 0 0 it 
Follicular small cleaved cell 13 1 0 5 7 4 8 1 0 0 
Follicular mixed 10 1 1 3 5 5 5 (0 0 (0) 
Follicular large cell 0 (0) 0 (8) 0 ie) 0 0 (0) 0 
Diffuse small cleaved cell 6 0 1 2 3 1 4 1 0 o 
Diffuse mixed 4 1 (0) 1 2 3 1 (0) 0 1 
Diffuse large cell 22 1 3 4 14 9 h1* 4* 1 9 
tmmunoblastic 6 0 3 0 3 4 1 0 1 4t 
Lymphoblastic 0 0 0 0 o 0 16] 0 0 (0 
Small noncleaved cell 3 0 1 2 0 2 1 0 0 1 
TOTAL 69 4 9 17 39 31 33 6 2 16 





*Three grown from both sources. 
EBV positive. 
{One of the four cel! lines is EBV positive. 


GROWTH OF LYMPHOMA COLONIES 





Fig 1. 
from different patients. Panel A displays a compact colony; panel B 
shows more loosely arranged colonies. 


Variation in morphology of lymphoma colonies grown 


Lymphoma Colonies 


Lymphoma colonies were grown from lymph nodes, bone 
marrow aspirates, and peripheral blood samples of 16 
patients. The colonies were uniformly composed of round 
mononuclear cells and showed patient-related heterogeneity 
with respect to colony morphology, size, and plating effi- 
ciency. The majority of samples gave rise to compact colonies 
that contained between 500 and 10,000 cells (Fig 1A). Some 
specimens produced more loosely arranged colonies (Fig 
1B). Usually colonies developed within seven to 20 days. 
Some cultures had to be followed for as long as 30 days to 
detect the formation of lymphoma colonies. The plating 
efficiency in primary cultures varied from 0.001 to 0.2% 
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(Table 2). The primary plating efficiency could not be 
assessed for all cultures because of confluent colony growth. 

While colonies grown from lymph node specimens were 
easily scorable as the only identifiable colony type. lym- 
phoma colonies from bone marrow and peripheral blood 
samples usually developed among normal hemopoictic colo- 
nies. Compact lymphoma colonies could easily be distin- 
guished. Identification of loosely arranged lymphoma colo- 
nies among normal hemopoietic colonies was more difficult 
and required confirmation by marker analysis 


Recloning Studies 


Each of the primary cultures, independent of whether or 
not primary lymphoma colonies were observed, were resus- 
pended in fresh medium and recultured under identical 
conditions. All samples that yielded primary lymphoma 
colonies gave rise to secondary lymphoma colonies. Growth 
in secondary cultures was usually associated with an increase 
in the plating efficiency (Table 2). Every one of the samples 
forming primary colonies could be propagated in semisolid 
medium for many generations using identical recloning 
procedures. None of the samples that did not form primary 
lymphoma colonies showed lymphoma colony growth upon 
replating. 


Proliferation in Liquid Suspension Culture 


Cells derived from these cultures could be adapted to 
liquid suspension culture conditions and maintained as cell 
lines. They are denoted as OCI-Ly | to 16 (Table 2). At time 
of last follow-up the lines had been maintained in culture for 
9 to 35 months. Cultures of one patient (OCI-Ly16) were 
lost after 2 months due to fungal contamination. The details 
of the established cell lines, their plating efficiency, and 


Table 2. Growth Characteristics of the Generated Lymphoma Cell Lines 











Doubling Time 
Plating Efficiency (%) ae EBV 
Cell Line Histotype Source 1 2 Late (Hr) (Mo) Status 
OCI-LY1* Diffuse large cell BM 0.002 3.9 24 24 35 
OCI-LY2* Diffuse large cell BM + PB 0.002 0.005 4 40 35 
OCI-LY3* Diffuse large cell BM + PB 0.005 3.3 16 24 33 
OCI-LY4 Immunoblastic LN 0.001 - 3 17 26 
OCI-LY5 Small lymphocytic LN NAt NAt 2 21 22 
OCI-LY6 Diffuse large cell LN Cont Cont 2 48 22 
OCI-LY7* Diffuse large cell BM + PB Con Con 1 15 20 
OCI-LY8 Immunoblastic LN 0.024 4 24 20 
OCI-LYS Diffuse large cell BM NA NA 12 48 18 
OCI-LY10 Immunoblastic LN 0.20 —- 3 39 14 
OCI-LY11 Diffuse large cell LN 0.02 0.05 14 29 14 
OCI-LY12 Small noncleaved cell LN 0.02 0.31 0.1 -100 12 
OCI-LY13.1 Diffuse large cell BM 0.01 0.55 2 29 11 
OCI-LY13.2° BM 0.05 4.0 6 20 7 
OCI-LY14 Diffuse mixed LN NA NA 6 86 11 
OCI-LY15 Immunoblastic BM 0.01 0.02 3 53 9 
OCI-LY16 Diffuse large cell LN Con Con 0.2 NDt 2§ 





*Lines established from samples obtained during relapse: the other lines were grown from specimens taken at diagnosis 


+Not assessable, primary growth in liquid. 
t¢Confluent growth at concentration plated. 
§Lost to fungus. 
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doubling time are listed in Table 2. Their current plating 
efficiencies vary from 0.1% to 24%, with doubling times 
ranging from 15 to more than 100 hours. 


Marker Studies 


Cells propagated in semisolid and liquid suspension cul- 
tures were examined with a panel of MoAbs directed against 
surface antigens of various B, T, and myeloid cells. The data 
are presented in Table 3 Cells of all lymphoma lines 
expressed some B cell markers. They were observed in 
heterogeneous combinations without favoring a specific phe- 
notype. Twelve of the lines were positive for B1, two for B2, 
ten for B4, and four for PCA 1. Seven demonstrated cytoplas- 
mic and 13 expressed cell surface immunoglobulins. In 
addition, seven reacted with anti-CALLA, and four stained 
with anti-TAC. A subpopulation of cells of three lines 
showed positive results with pan-T reagents, and one addi- 
tional patient displayed T101 activity. 

Lymphoma growth thus was not restricted to a specific 
marker phenotype. Repeat assessment of the cells using the 
same panel of antibodies demonstrated that the phenotype of 
all cell lines had not changed with propagation in culture. 

Two cell lines were established from the same patient with 
the histopathologic diagnosis of diffuse large cell lymphoma, 
one at diagnosis (OCI-Ly 13.1) and one at relapse (OCI-Ly 
13.2). Cells of the first line reacted with the MoAb against 
the IL 2 receptor; cells of the second line were negative. 

Marker studies were performed on one of the primary 
tumor tissues (OCI-Ly8). These were in agreement with the 
markers observed on cells of the cell line after culture. 


Immunoglobulin Rearrangement 


The structure of the immunoglobulin genes in the primary 
lymph node sample and resulting cell line were determined in 
six cases. The rearrangement pattern observed in the lymph 
node samples was in every case identical to that of the 
resulting cell line. A representative example is depicted in 
Fig 2. 
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Fig 2. Immunoglobulin 
gene rearrangement pattern of 
lymph node cells (LN), skin 
fibroblasts (FIB), and lymphoma 
cells of the cell line (CL) OCI- 
Ly4, all derived from the same 
patient. The same rearrange- 
ment pattern was observed for 
the primary lymph node and 
the resulting cell line; the germ 
line band (18kb) is observed in 
DNA obtained from fibroblast 
cultures. 





Growth Requirements 


The contribution of various culture components to the 
growth of lymphoma colonies was assessed. 

Influence of human plasma. All cell lines were exam- 
ined to study the influence of human plasma in comparison to 
human serum derived from the same source and fetal calf 
serum. Plasma samples prepared under platelet-poor condi- 
tions supported linear growth even when very low numbers of 
cells were plated (Fig 3). In contrast, lymphoma lines grew 
suboptimally or not at all when platelet-poor plasma was 
replaced by human serum or fetal calf serum. However, cells 
of some lines propagated in liquid culture over long periods 
were adapted to fetal calf serum. 

Role of PHA-LCM. The requirements of all cell lines for 
PHA-LCM were studied by performing dose-response curve 
analyses. Three growth patterns were identified, and repre- 
sentative examples are displayed in Fig 4. The growth of 
EBV-negative lymphoma colonies in nine of 14 examples 
were independent of added PHA-LCM. Addition of PHA- 


Table 3. Marker Pattern of the Lymphoma Lines 











Cell Surface Cytoplasmic 

Line B1 B2 84 J5 PCAI u 4 Y K À y å Y x À Pan-T 7101 Tac 
OCI-Ly1 + + + = + - , - 
OCI-Ly2 + + - ND - + + 
OCl-Ly3 4 - + - 4 + 
OCI-Ly4 + + + = — + + = 
OCI-Ly5 t ND ND ND - + ND ND ND 
OCI-Ly6 + + + + + + 
OCI-Ly7 + + + 4 4 4 
OCI-Ly8 + t + ND + + + - 
OCI-Ly9 + + ND + + + + 
OCI-Ly10 + + + — - - + + - - 
OCI-Ly11 + + + - + + ND ND ND ND ND 
OCI-Ly12 + + - + + + -= — - - - - + + + 
OCI-Ly13,1 -= i = + 4 
OCI-Ly13.2 = = = 5 - + . = + 
OCI-Ly14 - -= i - - - ND ND ND ND ND 
OCI-Ly15 + + 


OCI-LY 16 lost prior to analysis 
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Fig 3. Influence of human plasma, serum, and PHA-LCM on 
the growth of lymphoma cotonies. 


LCM did not alter the frequency, size, or reclonability of the 
colonies. Four of 14 patients demonstrated formation of some 
colonies in the absence of PHA-LCM. Addition of PHA- 
LCM to these enhanced the number of colonies without 
influencing their size. Two cell lines (OCI-Ly 9 and OCI-Ly 
13.1) gave rise to only a few small clusters of cells in the 
absence of PHA-LCM. Both lines formed numerous large 
colonies in the presence of PHA-LCM. One patient was 
studied on two separate occasions. Bone marrow samples 
became available at diagnosis (OCI-Ly 13.1) and four 
months later during relapse (OCI-Ly 13.2). Colony forma- 
tion in the first sample was dependent upon PHA-LCM, 
yielding a plating efficiency of 70 colonies per 2 x 10* 
mononuclear cells. The second sample gave rise to 675 
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Fig 4. PHA-LCM dose-response curves representing three 
different patterns. Each curve was established using cells of a 
representative cell line. 
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colonies per 2 x 10* mononuclear cells in the absence of 
PHA-LCM. The plating efficiency of the second sample 
increased to 1,240 per 2 x 10* mononuclear cells when 
PHA-LCM was added. The data are displayed in form of a 
linearity study in Fig 5. 


Clinical Correlations 


The examined patients represented a heterogeneous popu- 
lation with respect to histologic phenotype, histologic 
involvement of the cultured samples with lymphoma, timing 
of culture with respect to diagnosis, and growth pattern in 
culture. 

The formation of EBV-negative lymphoma colonies was 
only observed in specimens derived from patients with lym- 
phoma of intermediate and high-grade malignancy. The 
evaluation of the prognostic value of colony formation was 
therefore restricted to this subset of 35 patients. In addition, 
the patient who gave rise to the EBV-positive line OCI-Ly 15 
was eliminated from the clinical analysis. 

Twenty-five of the remaining 34 patients were studied at 
diagnosis, ten were cultured during relapse. Twenty-seven of 
the 34 specimens were histologically involved with lympho- 
ma. Seven did not show signs of tumor involvement; all of the 
latter were bone marrow specimens. The samples of 14 
patients gave rise to EBV-negative lymphoma colonies. Nine 
were obtained at diagnosis: five during relapse (Table 4). 
Specimens of 13 patients did not grow. Ten of these were 
collected at diagnosis; three during relapse. Both groups of 
patients were evenly matched for sex, histologic diagnosis, 
staging, and presence of B symptoms (all P values > 0.1 by 
chi-square analysis). The median age of nongrowers was 
higher than that of growers (P = 0.009, Mann-Whitney). 

The majority of patients received BACOP combination 














rcp 
2000F 4 
| i 
| 
i 
| | 
1 o | 
1500F 4 
$ a | 
$o | | 
8 ! 
È | 
S 1000+ : 
à 
S 
$ | 
è OCI Ly 131 O without PHA-LCM | 
H 
A @ wan PHA- LCM | 
| r Ly B2 0 without PHA- LOM | 
5000F J. @ with PHA-LOM | 
| 
| 
TA emt | 
is) =La ca ale er 
O i 2 3 4 5 
No. ceils plated (x 10°4)} 
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phoma colony-forming cells obtained at diagnosis (OC! Ly 13.1} 
and at relapse (OCI Ly 13.2) of the same patient. 
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Table 4. Characterization of the Studied Patients With 
Intermediate and High-Grade Malignant Lymphoma 








Attributes Growers Nongrowers 
Number 14 20 
Age (years, median, 50 (21-73) 66 (26-86) 
and range) 
Sex M 10 11 
F 4 2 
Source of tissue LN 8 9 
BM 4* 9 
PB 3* 0 
Other 0 2 
Histology Diffuse mixed 1 3 
Diffuse large cell 9 13 
tmmunoblastic 3 2 
Small noncleaved 1 2 
cell 
Stage | 0 2 
H 3 4 
i 2 5 
iV 9 9 
B symptoms 9 9 
BM involvement 9 8 
Number surviving 1 13 
Causes of death Sepsis 2 1 
Progressive disease 
and sepsis 10 6 
Othert 1 — 





*One sample grown from both sources. 
+Patient died with carcinoma of the lung. 


chemotherapy (bleomycin, adriamycin, cyclophosphamide, 
oncovin, and prednisolone)“; one was treated with PRO- 
MACE-MOPP (epipodophyllotoxin, cyclophosphamide, 
adriamycin, methotrexate, and prednisone). Patients were 
observed for 6 to 35 months with a median of 14 months. The 
time of follow-up is the same for both subgroups of patients. 
Eight of the 13 patients who did not form lymphoma colonies 
are currently alive. One patient died with sepsis during 
inductive chemotherapy; four patients died with progressive 
disease. 

In contrast, only one patient is surviving of the 14 who 
formed lymphoma colonies. Two died with septicemia, ten 
with progressive disease unresponsive to further therapy, and 
one patient died with a coexisting carcinoma of the lung. The 
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cell line OCI-Ly 12 derived from the lone survivor is charac- 
terized by a doubling time that exceeds 100 hours and is the 
slowest of all lymphoma lines. 

The survival of both groups was evaluated and displayed 
as Kaplan-Meier plots.” The curves were compared aecord- 
ing to Mantel.” The analysis was performed for the whole 
group of 34 patients and for selected subgroups as listed in 
Table 5. 

The median survival from diagnosis of all patients who 
formed lymphoma colonies was 7 months. In contrast, 
patients who did not form lymphoma colonies showed a 
significantly longer median survival of 25 months (P = 
0.0009, Table 5, Fig 6). 

A similar observation was made when only patients who 
were studied with cell cultures at diagnosis were included in 
the analysis. The median survival of growers was 6 months, 
while the median for nongrowers was not reached at 22 
months. A comparison of the survival curves yielded a 
significant difference with a P value of 0.0014 (Table 5, Fig 
6). 

The median survival of growers was also significantly 
shorter if only the 27 patients who demonstrated histologi- 
cally involvement with lymphoma of the plated specimen 
were analyzed (Table 5). 

Nine patients were examined in relapse. Five of these grew 
lymphoma colonies. All five patients died within 2 months 
after relapse. Their median survival from diagnosis was 13 
months. Two of the four patients who did not form lym- 
phoma colonies died within 2 months, one patient survived 3 
months, and one is alive 7 months after the study. The 
median survival from diagnosis for this subgroup was 18 
months. These groups are too small to allow any meaningful 
statistical comparison. 


DISCUSSION 


A number of risk factors affecting prognosis can be 
identified in patients with lymphoma. These include histo- 
logic phenotypes, stage of disease, cytogenetic parame- 
ters,” expression of the transferrin receptor,” and response 
to chemotherapy. Particularly, the latter segregates 
patients in the high-risk group who may have a long-term 
therapeutic benefit from patients who will succumb early to 
progressive disease. Recent encouraging results in autolo- 


Table 5. Comparison of Survival of Patients With Intermediate and High-Grade Malignant Lymphoma Who Form 


or Do Not Form Lymphoma Colonies in Culture 








Survival Comparison of 
Patient From Date Growers Median Nongrowers Median Survival Curves 
Groups Number Of {n} Survival (mo) {n} Survival (mo} P value (Savage) 
1 34 Diagnosis 14 7 20 25 0.0009 
34 Culture 14 2 20 21 0.0005 
2t 27 Diagnosis 14 7 13 21 0.0287 
27 Culture 14 2 13 21 0,0026 
3t 25 Diagnosis 9 6 16 Not reached 0.0014 
at 22 
4§ 20 Diagnosis 9 6 11 21 0.0053 





*1 Includes all patients. 


+2 Includes only patients whose cultured tissues were histologically involved by lymphoma. 


$3 Includes only patients with culture results obtained at diagnosis. 


§4 Includes only patients with culture results obtained at diagnosis and tumor involvement of the cultured specimen. 
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Fig 6. Kaplan-Meier survival curves of patients with interme- 
diate and high-grade malignant lymphoma who formed lymphoma 
colonies and EBV-negative cell lines in comparison to patients who 
did not form colonies in culture. Panel A represents survival of 
patients in = 34) studied either at diagnosis or relapse. Panel B 
depicts the survival curves for patients examined at diagnosis. 
Comparison of the survival curves in both panels yielded a signifi- 
cant difference using the generalized Savage test. 


gous and allogeneic bone marrow transplantation of patients 
with lymphomas have suggested that some patients who have 
relapsed with progressive disease may still be salvageable by 
transplantation.“ This therapeutic option may be used 
with greater advantage earlier in the clinical course. 

A culture system is described that promotes growth of 
lymphoma colonies in bone marrow, peripheral blood, and 
lymph node samples of a subgroup of patients with lym- 
phoma belonging to a high-risk group based on histology. 
Growth was observed at the initial assessment or at times of 
re-examination for disease recurrence. 

A number of observations strongly support the view that 
the clonogenic cells detected in the system are part of the 
original disease. First, whenever examined the cell lines 
demonstrate the same clonal immunoglobulin gene rear- 
rangement pattern as that observed in the primary tumor. 
Second, the same immunoglobulins were observed on cells of 
the cell Eines and the primary lymphoma tissue. Third, cells 
of the cell lines are EBV-negative and can be propagated 
indefinitely in liquid suspension or semisolid culture. Fourth, 
patients whose lymphoma cells grew in culture had a signifi- 
cantly peorer prognosis. 

The system described here is therefore useful in identify- 
ing patients at the time of diagnosis as potential treatment 
failures. This group of patients may be considered earlier in 
their clinical course for innovative treatment approaches, 
such as bone marrow transplantation. 

In addition to being useful as a prognostic parameter, the 
cell culture system may provide insight into biological 


1313 


aspects of malignant lymphoma. One of the areas to be 
explored is the heterogeneous requirement of clonogenic 
lymphoma cells for PHA-LCM. Clonogenic lymphoma cells 
of some patients are dependent upon addition of PHA-LCM 
to the culture. This suggests that these cells require exoge- 
nous signals for their proliferation. Some cell lines give rise to 
a few lymphoma colonies without PHA-LCM but show an 
increased plating efficiency in the presence of PHA-L-CM. 
The third group of patients forms lymphoma colonies with- 
out PHA-LCM, and improves neither their frequency nor 
their size in the presence of PHA-LCM. These data may 
either suggest the existence of clonogenic subpopulations 
with differing requirements for PHA-LCM or may indicate 
the autocrine or paracrine production of PHA-LCM-like 
stimulatory substances by lymphoma cells. The availability 
of cell lines that have retained the various types of PHA- 
LCM requirement will facilitate studies to delineate the 
underlying mechanism. They will also provide the opportu- 
nity to compare the activity in PHA-LCM with defined 
purified or recombinant hemopoietic growth factors. 

Observations on a single patient have provided a further 
lead to understand the heterogeneity in PHA-LCM require- 
ment. This patient was initially studied at diagnosis. Colony 
formation of a bone marrow sample was almost completely 
dependent upon PHA-LCM. The patient went into a com- 
plete remission and was re-examined four months later 
during relapse. The growth requirement of clonogenic lym- 
phoma cells obtained from a bone marrow specimen at that 
time had changed. A large number of colonies were observed 
without PHA-LCM. The colony frequency and size 
increased only slightly in its presence. The patient did not 
respond to further therapy and died with progressive disease 
shortly after the time of study. These results suggest that the 
requirement for PHA-LCM may change during the clinical 
course of an individual patient. In this isolated example a 
decrease in PHA-LCM requirement reflected disease pro- 
gression. If verified by kinetic studies in other patients the 
PHA-LCM requirement may, in addition to colony growth, 
provide a further prognostic indicator. 
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The Pathogenesis of Accelerated Fibrinolysis in Liver Cirrhosis: 
A Critical Role for Tissue Plasminogen Activator Inhibitor 


By Steven L. Hersch, Thomas Kunelis, and Robert B. Francis, Jr 


The pathogenesis of accelerated fibrinolysis in liver cirrho- 
sis was investigated by comparing the results of specific 
assays for tissue plasminogen activator {tpa} antigen, tpa 
activity, tpa inhibitor, and alpha-2 plasmin inhibitor (a2PI) 
in 12 patients with cirrhosis and markedly accelerated 
fibrinolysis (dilute whole blood clot lysis time (DWBCLT) < 
two hours), in nine patients with cirrhosis and moderately 
accelerated fibrinolysis (DWBCLT two to four hours), and 
in nine patients with cirrhosis and normal fibrinolysis 
(DWBCLT > four hours}. Mean tpa antigen was markedly 
increased in all three groups, but no correlation was 
observed between overall fibrinolytic activity as measured 


CCELERATED fibrinolysis is a recognized complica- 
tion of cirrhosis.'? The liver is not only an important 
site of clearance of circulating plasminogen activators* but 
also synthesizes the main plasmin inhibitor, alpha-2 plasmin 
inhibitor (a2P1).° Thus a multifactorial pathogenesis of 
accelerated fibrinolysis in cirrhosis has been presumed, with 
contributions from elevated levels of circulating plasminogen 
activators caused by decreased clearance®’ and reduced 
inhibition of plasmin due to diminished a2PI synthesis." 
Previously published studies of fibrinolysis in cirrhosis have 
not, however, investigated the interrelationship of multiple 
abnormalities of the fibrinolytic system, nor have they 
attempted to correlate these abnormalities with either overall 
fibrinolytic activity of blood or with clinical manifestations. 
Moreover, the recent discovery of one or more rapid inhibi- 
tors of tissue-type plasminogen activator (tpa) in plasma’"! 
has revealed a new complexity in the physiologic regulation 
of fibrinolysis. The behavior of tpa inhibitor in liver cirrhosis 
has yet to be investigated. 

We previously reported that accelerated fibrinolysis may 
have significant clinical consequences for individuals with 
liver cirrhosis." In comparing bleeding histories of 46 
patients with markedly accelerated fibrinolysis (DWBCLT 
«< two hours) to 44 patients with normal fibrinolysis 
(DWBCLT > four hours), we found that patients with 
accelerated fibrinolysis were at increased risk for major 
soft-tissue hemorrhage after trauma and exhibited a trend 
toward increased intracranial bleeding, usually fatal.'? Other 
hemostatic abnormalities may have contributed to the 
increased bleeding in patients with accelerated fibrinolysis, 
however, since this group had a significantly longer mean 
partial thromboplastin time (PTT) and higher mean levels of 
fibrin/fibrinogen degradation products (fdp/FDP) than the 
group with normal fibrinolysis. Nevertheless, in several 
patients with severe bleeding, accelerated fibrinolysis was 
the only marked hemostatic abnormality present. 

This study raised many important questions. What spe- 
cific abnormalities of fibrinolysis contribute to accelerated 
fibrinolysis in patients with cirrhosis? Which are the most 
important? Why does fibrinolytic activity vary so greatly 
among individuals with apparently equally severe liver dis- 
ease? In an attempt to answer these questions, we undertook 
a comprehensive evaluation of the fibrinolytic system in 
patients with liver cirrhosis using newly developed, highly 
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by the DWBCLT and the level of tpa antigen. In contrast, 
there was a significant correlation between overall fibrino- 
lytic activity and tpa activity and an equally significant 
correlation between fibrinolytic activity and decreased tpa 
inhibition. Mean a2Pl activity was significantly lower than 
normal in groups 1 and 2 but was normal in group 3. The 
pathogenesis of accelerated fibrinolysis in liver cirrhosis 
thus appears to depend critically on the capacity of plasma 
inhibitors to inhibit increased circulating tpa antigen. 
Reduced a2P! also appears to play a role. 

©1987 by Grune & Stratton, Inc. 


specific assays for tpa antigen and activity, tpa inhibitor, and 
a2PI. 


MATERIALS AND METHODS 


Patient selection. The records of the Coagulation Laboratory of 
the Division of Hematology at Los Angeles County (LAC) Univer- 
sity of Southern California (USC) Medical Center were reviewed to 
identify those patients with liver disease in whom fibrinolytic activity 
had been measured with the DWBCLT. The diagnosis of cirrhosis 
was confirmed by a review of the medical records for cach patient 
identified. Patients were considered to have cirrhosis if they showed 
either biopsy evidence of cirrhosis or documented portal hyperten- 
sion (presence of esophageal varices or redistribution of tracer to 
spleen and bone marrow on liver-spleen scanning) in the setting of 
parenchymal liver disease and appropriate historic background 
(heavy alcohol consumption or chronic hepatitis). Patients with 
acute hepatic necrosis secondary to viral or toxic agents were 
excluded. All patients meeting these criteria were included in the 
analysis, provided sufficient stored plasma obtained at the same time 
as the DWBCLT was available for performance of all the fibrino- 
lytic assays. To determine the possible influence of transfused blood 
products on the results of fibrinolytic assays, the records of the 
LAC-USC Medical Center blood bank were reviewed, and notation 
was made of the quantity and type of all blood products received in 
the seven days preceding the date of plasma sampling. In calculating 
the total amount of plasma received by each patient, we assumed 
that one unit of fresh frozen plasma contained 225 ml. of plasma, 
one unit of packed red cells 75 mL, and one unit of platelets 50 mL. 
For determination of the normal range for fibrinolytic assays, blood 
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was obtained from resting healthy adult donors without history of 
bleeding or thrombosis. The principles of the Declaration of Helsinki 
were followed in the care of all patients. 

Preparation of plasma samples and euglobulin precipitates. All 
samples were obtained by atraumatic venipuncture and anticoagu- 
lated with one-tenth volume of balanced citrate. Plasma was 
prepared by centrifugation for ten minutes at 10,000 rpm at 4°C and 
stored at — 20°C or —85°C until assayed. The euglobulin fraction of 
plasma was obtained by diluting 0.5 mL of plasma in 20 volumes of 
ice-cold 0.014% acetic acid (pH 5.6) prepared fresh daily from a 
1.4% stock solution. After incubating for at least 30 minutes on 
melting ice, the precipitate was recovered by centrifugation for ten 
minutes at 2,500 rpm at 4°C and resuspended in 0.5 mL of 0.01 
mol/L phosphate, 0.15 mol/L NaCl, pH 7.4, containing 0.1% 
(vol/vol) Tween 80 (PBS-Tween). 

Materials. Tissue plasminogen activator (tpa) was purified 
from the conditioned medium of Bowes human melanoma cell 
cultures as previously described. ? Human plasminogen (glu/lys 
mixture) and goat antihuman tpa antibody were obtained from 
American Diagnostica (Greenwich, CT). Cyanogen bromide-frag- 
mented fibrinogen was prepared as previously described.'* D-val- 
leu-lys-pNA (S-2251) was obtained from Helena Laboratories 
(Beaumont, TX). Crystallized bovine serum albumin was obtained 
from Sigma Chemical (St. Louis). All other materials were of the 
highest quality obtainable. 

Measurement of tpa antigen. The ELISA method of Bergsdorf 
et al,* commercially available through American Diagnostica 
(Greenwich, CT), was used. Briefly, 96-well flat-bottomed micro- 
titer plates (Nunc Immunoplate I-F) were coated overnight at room 
temperature with goat antihuman tpa antibody, followed by washing 
with 0.15 mol/L NaCl containing 0.1% (vol/vol) Tween 80 (saline- 
Tween), and blocking of unreacted binding sites with 2% bovine 
serum albumin (BSA) for one to two hours at room temperature. 
After washing again, diluted euglobulin precipitates of test plasmas 
and a range of concentrations (0.05 to 1.6 ng/mL final in the wells) 
of purified tpa standard (as supplied by the manufacturer) were 
added and allowed to incubate overnight at room temperature. After 
additional washing, goat antihuman tpa antibody conjugated to 
peroxidase was added and allowed to incubate for two hours at room 
temperature. Then the plate was washed again, and ortho-phenylene 
diamine substrate was added. After 30 minutes in the dark at room 
temperature, the reaction was stopped by adding 4.5 mol/L H2S04, 
and the absorbance at 492 nm was read on an eight-channel 
scanning spectrophotometer (Titertek Multiskan, Flow Laborato- 
ries, Irvine, CA). Each euglobulin precipitate was assayed in dupli- 
cate at four dilutions in PBS-Tween (fourfold, eightfold, 16-fold, 
and 32-fold), and the mean value of all dilutions falling on the linear 
portion of the standard curve was reported. Tpa antigen values in 25 
healthy subjects were normally distributed, with a mean of 4.9 plus 
or minus 2.6 ng/mL (SD) and a range of 0.9 to 11.2 ng/mL. With 
this assay, quantitative recovery of a wide range of concentrations of 
purified tpa added to plasma (5 to 50 ng/mL final) was observed, 
indicating that both free tpa and the tpa/tpa inhibitor complex were 
detected with equal efficacy. 

Measurement of tpa activity. A solid-phase bioimmunoassay 
similar to that described by Mahmoud and Gaffney'® was employed 
to measure tpa activity in euglobulin precipitates of plasma. Micro- 
titer plates were coated overnight with goat antihuman tpa antibody 
followed by washing and blocking with 2% BSA as described above. 
Then euglobulin precipitates and a range of concentrations of 
purified tpa standard (as supplied for the tpa ELISA) were added 
and incubated for one to two hours at room temperature. After 
washing, purified human plasminogen (10 ug/mL final) and the 
plasmin substrate S-2251 (0.15 mmol/L final) in PBS-Tween were 
added, and color was allowed to develop overnight at 37°C. Absorb- 
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ance was read at 405 nm on the eight-channel spectrophotometer. 
Each euglobulin precipitate was assayed in duplicate at three 
dilutions (twofold, fourfold, and eightfold) and the mean value 
reported. With this assay tpa activity was not detectable in plasma 
from most resting normal subjects. 

Measurement of tpa inhibitor. The assay of Juhan-Vague et a 
was used. Tissue plasminogen activator (tpa) purified from Bowes 
human melanoma cell cultures was added to prewarmed plasma at a 
final concentration of 50 ng/mL and allowed to incubate for exactly 
five minutes at 37°C, followed by acidification and recovery of the 
euglobulin precipitate as described above. The residual tpa activity 
was measured in microtiter plate wells, as described by Verheijen et 
al,“ using cyanogen bromide-fragmented fibrinogen as a stimulant. 
Since with this method the presence of free tpa activity in the test 
plasmas could result in a falsely low apparent tpa inhibitor level, 
each test plasma was also assayed without addition of purified tpa, 
and the difference in activity between the samples with and without 
added tpa was used to calculate the tpa inhibitor level. Tissue 
plasminogen activator (tpa) inhibitor was expressed as ng/mL of 
added tpa inhibited. Mean tpa inhibitor in 19 normal healthy 
subjects was 41.9 plus or minus 9.8 ng/mL. 

Measurement of a2PI activity. The a2P} activity in plasma was 
measured spectrofluorometrically using the commercial Proto- 
path” assay of Dade (Miami), modified according to the method of 
Matsuda et al” to eliminate any effect of alpha-2 macroglobulin on 
the assay. Briefly, plasma samples were incubated for five minutes at 
37°C with Tris-saline buffer pH 7.5 containing 0.2 mol/L 
methylamine HCI to inhibit alpha-2 macroglobulin, followed by 
addition of plasmin, further incubation for exactly one minute at 
37°C, and measurement of residual plasmin activity spectrofluoro- 
metrically. Results of test samples were expressed as a percentage of 
the activity in pooled normal plasma. The normal range for 15 
healthy subjects was 73% to 119% (mean +2 SD). 

Other assays. The DWBCLT was performed as previously 
described.” Briefly, 0.2 mL of freshly drawn blood was pipetted into 
1.7 mL of ice-cold acetate-citrate buffer pH 7.4, inverted several 
times to mix, and kept on melting ice until 0.1 mL of a 50 U/mL 
thrombin solution could be added. Duplicate samples so processed 
were incubated at 37°C until lysis occurred. Quick prothrombin 
times and activated partial thromboplastin times were performed in 
standard fashion. Levels of fdp/FDP were determined using the 
Thrombo-Wellcotest (Burroughs-Wellcome, Research Triangle 
Park, NC). 

Statistical methods. Significance of differences in mean labora- 
tory parameters among the patient groups and normal subjects was 
assessed using the two-tailed Student’s ¢ test, with a P value of <0.05 
considered to be significant. Correlation coefficients were calculated 
using simple linear regression. 


p 


RESULTS 


Thirty patients, accrued between January 1983 and June 
1986, had sufficient plasma available for performance of all 
fibrinolytic assays. Twelve patients (group 1) had markedly 
accelerated fibrinolysis (DWBCLT < two hours). Nine 
patients (group 2) had moderately accelerated fibrinolysis 
(DWBCLT between two and four hours). Nine patients 
(group 3) had normal fibrinolysis (DWBCLT > four hours). 
Results of standard coagulation assays and liver function 
tests are displayed in Table 1. Although group | patients had 
a lower mean serum albumin, higher mean total bilirubin, 
longer mean prothrombin time and PTT, and higher level of 
fdp/FDPs than groups 2 and 3, the only statistically signifi- 
cant difference among the three groups was observed for the 
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Table 1. Coagulation and Liver Function Tests (Mean + SD) 








Group 1 Group 2 Group 3 

Serum albumin 

(g/dL) 2.6+0.5 2.7 + 0.6 3.0 + 0.6 
Total bilieubin 

(mg/d) 8.3 + 6.4 44+2.6 41447 
Fibrinogen 

{mg/d} 119 + 51 214 + 43 276 + 118 
Prothrombin time 

(seconds) 22.7 + 5.2 18.7 + 3.3 19.3+5.4 
PTT (seconds) 102.8 + 49.9 74.9 + 15.1 74.9 + 41.3 
fdp/FDP {ug/mL) 22.0 + 28.5 17.8 + 25.7 17.8 + 16.8 
Plasma received 

480 + 690 344 + 601 1661 + 2937 


(mL) 





fibrinogen level, which was significantly lower in groups | 
and 2 than in group 3. 

Fibrinolytic data are summarized in Table 2. A similarly 
marked increase in mean tpa antigen was seen in all three 
groups when compared with the values obtained in normal 
subjects. Tpa antigen showed no correlation with overall 
fibrinolytic activity as measured by the DWBCLT (r 
—0.13, P > 0.20). In contrast, tpa activity was significantly 
correlated with the DWBCLT {r = —0.45, P < 0.05) and 
differed markedly among the three groups, being markedly 
increased in group | and essentially undetectable in group 3. 
The tpa inhibitor also correlated significantly with the 
DWBCLT (r = 0.43, P < 0.05) and was significantly lower 
in group | than in group 3. The tpa inhibitor did not correlate 
significantly with serum albumin (r = —0.09, P > 0.50) but 
did correlate significantly with a2P1 (r = 0.47, P < 0.05). 

Meara2PI activity was significantly lower than normal in 
groups 1 and 2 and was normal in group 3. The a2PI did not 
correlate significantly with the DWBCLT (r = 0.35, P > 
0.05) or with serum albumin (r = 0.32, P> 0.10) but did 
correlate significantly with fibrinogen (r = 0.59, P < 0.01) 
and with tpa inhibitor (r = 0.47, P < 0.05). 

Five patients in group |, three patients in group 2, and five 
patients in group 3 received blood products prior to measure- 
ment of fibrinolytic parameters. The amount of plasma 
received did not differ significantly among the three groups 
and did not correlate significantly with any of the fibrinolytic 
parameters. 


DISCUSSION 


Tissue plasminogen activator (tpa) is synthesized by endo- 
thelium and cleared by the liver. Thus diminished hepatic 
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clearance in cirrhosis would be expected to produce elevated 
levels of circulating tpa. Using the ELISA technique devel- 
oped by Bergsdorf et al,'° we found that marked increases in 
tpa antigen are common in patients with cirrhosis. Surpris- 
ingly, however, the level of tpa antigen did not correlate with 
overall fibrinolytic activity as measured by the DWBCLT. In 
contrast, the level of free tpa activity correlated strongly with 
overall fibrinolytic activity. We interpret this to indicate that 
in patients with cirrhosis the amount of tpa inhibitor avail- 
able to bind and neutralize circulating tpa is a critical factor 
in the development of accelerated fibrinolysis. Those patients 
whose inhibitory capacity is adequate show no increased 
fibrinolytic activity, even if tpa antigen is markedly elevated. 
Patients with insufficient inhibitor exhibit increased fibrino- 
lytic activity proportional to the amount of tpa activity that 
escapes inhibition. This interpretation is supported by the 
finding that tpa inhibitor activity was lowest in group | and 
highest in group 3 and correlated significantly with the 
DWBCLT. 

Total tpa antigen in plasma is the sum of free tpa and tpa 
in complex with its inhibitors." In attempting to directly 
measure the tpa antigen level in whole plasma using the 
ELISA technique of Bergsdorf et al? however, we found 
that the apparent level of tpa antigen was not independent of 
the dilution of plasma assayed, with higher dilutions produc- 
ing higher apparent tpa antigen levels (data not shown). In 
contrast, use of euglobulin precipitates resulted in tpa anti- 
gen levels that were independent of the dilution of euglobulin 
fraction assayed. In agreement with other investigators’® we 
also found that purified tpa added to plasma was quantita- 
tively recovered in the euglobulin precipitate over a wide 
range of concentrations. Thus, it is likely that both free tpa 
and tpa bound to the inhibitor are detected with equal 
efficacy in the euglobulin fraction using the ELISA of 
Bergsdorf et al.” 

There is as yet no agreement on the optimal method for 
measuring tpa inhibitor activity in plasma. Current assays 
are not standardized and may have methodologic limita- 
tions. The method we have employed, in which a single 
concentration of purified tpa is added to plasma, has been 
criticized on the grounds that the amount of tpa inhibitor 
activity in plasma increases as increasing amounts of tpa are 
added.” Nonetheless, the finding that tpa inhibitor by this 
assay correlates strongly with both overall fibrinolytic activ- 
ity and free tpa activity in patients with cirrhosis supports its 
usefulness in evaluating tpa inhibitory capacity of plasma. 
This type of tpa inhibitor assay has also proven useful in the 


Table 2. Fibrinolytic Assays (Mean + SD) 











Group 1 Group 2 Group 3 
DWBCLT 
iminutes) 104 + 35 176 + 26 >240 >» 240 
TPA antigen 
ing/mt) 29.4 + 25.9 30.9 + 20.7 22.1 + 13.9 6.2 + 2.6 
TPA activity 
ing/mL) 7.4 + 12.1 0.1 20.2 QO ($) 
TPA inhibitor 
ing/mL) 16.2 + 10.5 25.3 + 15.8 32.0 + 18.7 41.9 29.8 
53 + 22 52 + 25 77 + 26 73-119% 


a2Pt (%) 
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study of impaired fibrinolysis in atherosclerotic heart dis- 
ease.” 

Tpa inhibitors appear to be synthesized by endothelium, 
platelets, and placenta.” Normal plasma may contain both 
endothelial and nonendothelial tpa inhibitors”; the assay 
method of Juhan-Vague et al” measures only the total tpa 
inhibitory activity in plasma and does not distinguish among 
the various inhibitors present. Thus, we cannot determine 
which type of tpa inhibitor is most important in the regula- 
tion of fibrinolytic activity in patients with liver cirrhosis. 
Moreover, since the factors controlling tpa inhibitor synthe- 
sis and release are not well defined, it is not yet possible to 
explain why some patients with cirrhosis are able to counter- 
act increased levels of circulating tpa with increased levels of 
inhibitor, while others are not. Studies of the extent of 
protein C activation in cirrhosis may be relevant, since there 
is evidence that activated protein C inhibits tpa inhibitor 
release from cultured endothelium.” Thrombin may also be 
an important factor, since subclinical disseminated intravas- 
cular coagulation is common in liver cirrhosis,” and throm- 
bin has been shown to stimulate release of both tpa antigen 
and inhibitor by cultured endothelium.” 
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We found mean a2PI to be significantly reduced in 
patients with cirrhosis and accelerated fibrinolysis and nor- 
mal in patients with cirrhosis and normal fibrinolysis, sug- 
gesting a significant contributing role for reduced a2PI in the 
pathogenesis of accelerated fibrinolysis in cirrhosis. 
Although a2PI did not correlate with the DWBCLT, the 
DWBCLT method we used may be insensitive to the inhibi- 
tory activity of a2PI, since it involves clotting whole blood in 
the absence of calcium, thus interfering with the cross- 
linking of a2PI to fibrin by factor XH.” In contrast to a 
previous study,® we also found no correlation between a2PI 
and serum albumin, suggesting that factors other than 
hepatic synthetic rate are important in determining the level 
of a2PI in cirrhosis. 

In addition to increased tpa activity, the possible contribu- 
tion of increased urokinase-like plasminogen activator activi- 
ty’ to the pathogenesis of accelerated fibrinolysis in cirrhosis 
needs to be considered. Since tpa inhibitors have also been 
reported to inhibit urokinase,” reduced tpa inhibitory 
activity in cirrhosis may explain the apparently conflicting 
reports of increased urokinase-like activator activity’ and 
normal urokinase antigen” in patients with cirrhosis. 
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Ki-M8 Monoclonal Antibody Reactive With an Intracytoplasmic Antigen 
of Monocyte/Macrophage Lineage 


By H.J. Radzun, H. Kreipe, S. Bodewadt, M-L. Hansmann, J. Barth, and M.R. Parwaresch 


A monoclonal antibody (MoAb), Ki-M8, that reacts specifi- 
cally with cells of the monocyte/macrophage system is 
described. On light and electron microscopic immunohisto- 
chemistry, Ki-M8 recognizes intracytoplasmatically local- 
ized antigens of mol wt 30,000 and 32,000, increasingly 
expressed during differentiation of monocytes into macro- 
phages. Ki-M8 antigen is detectable on almost all known 
tissue macrophages and monocyte/macrophage-related 
cell lines after appropriate stimulation. In functional terms 
Ki-M8 significantly impairs the generation of oxygen radi- 


MONG THE LARGE number of monoclonal antibod- 
ies (MoAbs) in current use, only a few have achieved 
functional relevance, especially those reacting with cells 
involved in nonspecific defense and immune response. This 
issue is best exemplified by MoAbs to immunoglobulins of B 
lymphocytes and by those recognizing histocompatibility 
antigens'® or surface antigens of T cell subpopulations.’* In 
addition to antigen presenting’ and phagocytosis, cells 
belonging to the monocyte/macrophage system have 
attracted considerable interest due to their secretory activi- 
ties and generation of oxygen radicals." The latter function 
is associated with the respiratory burst and is correlated with 
ingestion and killing of microorganisms, which require a 
close interaction between cytoplasmic organelles, notably 
lysosomes, and membrane structures. 

In the present study we describe a MoAb, termed Ki-M8, 
that, in contrast to hitherto known MoAbs directed to 
surface membrane structures,’*!> recognizes the bulk of 
lysosomal membranes of cells of the monocyte/ macrophage 
system under normal and neoplastic conditions. In functional 
terms Ki-M8 significantly diminishes the generation of oxy- 
gen radicals during the respiratory burst as measured by 
chemiluminescence, whereas particle ingestion is not 
affected. 


MATERIALS AND METHODS 


Generation of Monoclonal Antibody 


Macrophages were obtained by glass adherence from fresh 
minced human lymph node specimens, which were removed because 
of enlargement due to chronic lymphadenitis and used as immuno- 
gen. Splenic cells of Balb/c mice were fused with the nonsecreting 
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cals during an induced respiratory burst. Applied to acute 
nonlymphobiastic leukemias, a clear-cut differentiation of 
the monocytic phenotype and differentiation is possible on 
the basis of Ki-M8 immunoreactivity. Ki-M8 represents a 
reagent specific for the monocyte/macrophage system 
with regard to antigen distribution in normal and neoplastic 
celis as well as with regard to its influence on a typical 
monocyte/macrophage-related function. 

©1987 by Grune & Stratton, Inc. 


myeloma cell line X63-Ag8.653 at a ratio of 1:1.'° After suspension 
in HAT-supplemented culture medium (1 x 10°* mol/L hypoxan- 
thine, 4 x 10°’ mol/L aminopterin, 6 x 107° mol/L thymidine: 
Boehringer, Mannheim, West Germany), cells were dispersed in 
Greiner 24-well fusion plates (Greiner, Nürtingen, West Germany) 
at a concentration of | x 10° cells/well using 1 x 10° syngeneic 
peritoneal macrophages per well as feeder layer. After about ten 
days, when viable cell clusters were visible, supernatants were 
screened for immunohistochemical reactivity using cryostat sections 
of human tonsils (see below). The hybridoma colony showing the 
Ki-MB specificity as described in this study was subjected to a 
limiting dilution procedure and processed for mass culturing and 
ascites production. On immunodiffusion, MoAb Ki-M8 was shown 
to be of IgG] type. 


Specificity Tests of the MoAb Ki-M8 


Light microscopic immunohistochemistry.  Immunohistochemi- 
cal staining was performed on 8 um cryostat sections of surgically 
removed tissue specimens. Special attention was given to those 
organs known to be populated by cells of the monocyte /macrophage 
system (n = 4 for each analyzed organ). Furthermore, cytospin 
preparations of normal human granulocytes (n = 5), F lymphocytes 
{n = 5) and B lymphocytes (n = 5), monocytes {n = 5), peritoneal 
(n = 3) and alveolar macrophages (n = 4) separated as described 
elsewhere,'”'® and smears of bone marrow (n = 3) were subjected to 
immunohistochemical testing. Because of the close association of 
Ki-M8 reactive ceils to T cell areas of lymphoid tissue (see results), 
special attention was given to the purification of T cell populations 
by passage of nonadherent cells of the interphase through an 
antihuman immunoglobulin column packed with beads coupled with 
human IgG, antihuman rabbit IgG, and human C3, as described in 
detail elsewhere.” In addition, Ki-M8 reactivity was studied on 
monocytes cultured over five days by prolonged glass adherence 
(n = 3) as well as stimulated over five days with lymphokine- 
conditioned media (n = 3) obtained by addition of concanavalin A 
(Con A; Serva, Heidelberg, West Germany; 30 ug/mL) to separated 
normal blood lymphocytes over three days.'* The following cell lines 
were tested: Unstimulated and 12-0-tetradecanoylphorbol- | 3-ace- 
tate stimulated U-937 cells (TPA; Sigma, Munich, West Germany; 
1.6 x 10°* mol/L over three days); unstimulated: dimethyl sulfoxide 
(DMSO)-stimulated (1.2% over five days); and TPA-stimulated 
HL-60 cells (1.6 x 107° mol/L over three days). These cell lines 
represent promyelocytes (HL-60), monocyte precursors (U-937), 
and, following stimulation, mature granulocytic (DMSO stimula- 
tion of HL-60) or monocyte/macrophage differentiation forms 
(TPA stimulation of HL-60 and U-937).'"?! In addition, cell lines 
BALM4, NALM6, BALL-1 (considered as B cell leukemia lines), 
cell lines CCRF-CEM, SKW-3, TALL-1 (considered as T cell 
leukemia lines), cell lines KG-1, ML1, (considered as myelomono- 
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Ki-M8 REACTIVE WITH MONOCYTES/MACROPHAGES 


cytic leukemia lines), and the non-T, non-B leukemia cell lines 
K-562 and Reh” were tested for immunoreactivity with MoAb 
Ki-M8. 

The immunoperoxidase method was applied as described in detail 
elsewhere? using a three-step incubation procedue with MoAb 
Ki-M8 (undiluted culture supernatants or 1:2,000 diluted ascites 
fluid). To avoid endogenous peroxidase activity and to increase 
sensitivity, the immune alkaline phosphatase technique was applied 
in some cases.” To exclude surface binding of MoAb antibody 
Ki-MB, cell suspensions of unstimulated monocytes and monocytes 
stimulated by lymphokine-conditioned media and zymosan A (see 
below) were stained by indirect immunofluorescence. After incuba- 
tion with MoAb Ki-M8 (60 minutes, 4°C) and intensive washing, 
rhodamine-conjugated goat antimouse IgG (Medac, Hamburg, 
West Germany) was added, (60 minutes, 4°C) and, following two 
washing steps, cells were evaluated by fluorescence microscopy. 

Electron microscopic immunohistochemistry. Electron micro- 
scopic immunohistochemistry was performed on l- to 3-mm slices of 
lymph node specimens fixed in 4% paraformaldehyde in 0.1 mol/L 
phosphate-buffered saline (PBS) for one hour and snap frozen in 
liquid nitrogen. Cryostat sections were then used for the immuno- 
peroxidase method as described above followed by postfixation in 1% 
osmium tetroxide in 0.1 mol/L phosphate buffer, pH 7.2.7 

As positive controls we used the commercially available MoAb 
antimonocyte | (Mono 1'*; Bethesda Research Laboratory, Gai- 
thersburg, MD). As negative controls, supernatants of unfused 
myeloma cells and sera of nonimmunized mice (instead of the 
primary MoAb Ki-M8) were applied, which did not render any 
immunoreactivity pattern and thus excluded nonspecific binding 
during the immunohistochemical procedures. 


Functional and Biochemical Analyses 


Measurement of chemiluminescence was performed as described 
by Kato et al.” Twenty micrograms luminol (Sigma; dissolved in 10 
uL PBS) was added to 500 aL monocyte suspension (2 x 10° 
cells/mL RPMI 1640). After preincubation for ten minutes at 37°C, 
1 mg zymosan A (Sigma) dissolved in 20 uL medium was added and 
the chemiluminescence response was recorded over 40 minutes using 
the Berthold Biolumate Counter model LB 9505 (Wildbad, West 
Germany). Chemiluminescence was measured in untreated mono- 
cytes and monocytes to which monoclonal antibody Ki-M8 was 
added in a dilution of 1:100, 1:500, 1:1,000, and 1:2,000 for 2.5 
hours. In addition, chemiluminescence measurement was performed 
for untreated monocytes and monocytes treated with MoAbs Ki-M8& 
and antimonocyte 1 (diluted 1:100) for 2.5 hours and 24 hours. 
Furthermore, chemiluminescence response of granulocytes was 
checked over 40 minutes after incubation with MoAb Ki-M8 
(diluted 1:100) in comparison to untreated granulocytes. 

For the estimation of the mol wt of the Ki-M8~recognized 
antigen, proteins were extracted from freshly ectomized human 
tonsils (n = 3) with Triton-X-100 (1 vol% in aqua dest) and solubi- 
lized in sample buffer (0.125 mol/L Tris buffer, pH 6.8, containing 
4% sodium dodecyl sulfate (SDS) and 20 vol% glycerin). After 
incubation for two hours at room temperature, electrophoresis was 
performed under nonreducing conditions on a 0.3-cm thick 8% 
SDS-polyacrylamide gel over 7-cm separation distance according to 
Laemmli.” Proteins were blotted overnight at 4°C on nitrocellulose 
membranes (Schleicher and Schiill, Dassel, West Germany).” 
Membranes were immunostained applying the immune alkaline 
phosphatase method as described above using a mouse MoAb 
against alkaline phosphatase of calf intestine as tertiary antiserum 
after covering of unspecific binding sites. Immunostained protein 
bands were compared with the whole tonsillar protein pattern and a 
mol wt standard stained with Amido black. 
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Analysis of Leukemias 


Fresh heparinized venous blood of 40 patients with acute leuke- 
mias was subjected to Ficoll-Urografin density gradient centrifuga- 
tion at d = 1.077 g/mL. Cytocentrifuge preparations of the 
interphase consisting of leukemic blasts, myeloid precursors, as well 
as normal lymphocytes and monocytes, were subjected to Pappen- 
heim staining and enzymecytochemical staining for peroxidase,” 
naphthol AS-D chloroacetate esterase,” and nonspecific acid ester- 
ase.” Immunophenotyping was performed with the immune alkaline 
phosphatase method as described above. In additon to Ki-M8, the 
following MoAbs were applied: Vim 2 specific for granulocytes and 
myelomonocytic precursors and Vim DS specific for granulo- 
cytes*°*; My 7-recognizing granulocytes, monocytes, and myelo- 
monocytic precursors”; 3C4 described by Schienle et al” specific for 
granulocytes and granulocytic precursors; Ki-M1 specific for mono- 
cytes.” The lymphoblastic nature of the analyzed leukemias was 
excluded by their negative reaction for the MoAbs Tol 5 and HD37 
used as pan-B cell reagents®* as well as by their negative reaction 
for the MoAb Leu-4 used as pan-T cell reagent.” In addition, Ki-M8 
was applied to 30 cases of acute and chronic lymphocytic leukemias 
diagnosed on the basis of morphological and enzymecytochemical 
criteria and on the basis of their reactivity with the lymphoid- 
associated MoAbs mentioned above. 


RESULTS 
Reactivity Pattern 


Light microscopy. On light microscopic immunohisto- 
chemical testing, Ki-M8 reacted with an intracytoplasmati- 
cally localized antigen selectively expressed on cells of the 
monocyte/macrophage system. The failure of Ki-M8 to 
recognize surface structures could also be confirmed by 
indirect immunofluorescence staining of viable unstimulated 
monocytes and monocytes stimulated with lymphokine- 
conditioned media, which did not show any surface labeling. 
Considering separated cell populations, blood monocytes 
displayed the lowest degree of reactivity, becoming faintly 
visible only after applying the immune alkaline phosphatase 
technique. On the contrary, in stimulated blood monocytes as 
well as peritoneal and alveolar macrophages, reactive cyto- 
plasmic structures could only hardly be discriminated 
because of the high degree of reactivity (Fig 1). Granulo- 
cytes as well as T and B lymphocytes did not reveal any 
positive immunohistochemical staining by counting 500 cells 
in each sample. Special attention was given to granulocytes 
that did not render any positive staining of either intracyto- 
plasmic or surface structures. The exclusive reactivity with 
the monocyte/macrophage system could also be shown by 
testing permanent cell lines. Only those that were induced to 
differentiate along the monocyte/macrophage differentia- 
tion pathway, such as TPA stimulated HL-60 and U-937 
cells, proved to be positive for Ki-M8. Unstimulated myelo- 
monocytic leukemia lines as well as B cell, T cell, and non-T, 
non-B cell leukemia lines were clearly negative for Ki-M8& 
(Table 1). 

Studying different tissues all known macrophage popula- 
tions, with the exceptions of starry sky macrophages of 
lymphoid follicles (Fig 2) and macrophages of central ner- 
vous tissue, reacted with Ki-M8. The reactive cell popula- 
tions included macrophages of lymph node sinuses and 
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ig 1. Ki-M8 reactivity in separated normal human monocytes (A), lymphokine-stimulated monocytes (B; for details see texti, and 
alveolar macrophages (C). There is a stepwise increase of immunoreactivity from unstimulated blood monocytes (faint granular pattern; 
arrow) to alveolar macrophages (strong diffuse reactivity). Cytospin preparations, immune alkaline phosphatase reactions, original 
magnification x 560. 


interfollicular macrophages of lymphoid tissue (lymphatic 
T-zones), monocytoid-differentiated mononuclear cells and 


macrophages of bone marrow, macrophages of splenic red 
pulp, von Kupffer cells of the liver, macrophages of connec- 
tive tissue known as histiocytes, macrophages of the gastroin- 


Table 1. Reactivity Pattern of Ki-M8 as Tested by 
Immunohistochemistry on Separated Blood Cells, 
Cell Lines, and Tissue Samples 





Granulocytes 

B and T lymphocytes 
Monocytes, unstimulated 
Monocytes, stimulated* 
Myelomonocytic leukemia lines* 
HL-60 and U-937, stimulated* 


B cell, T cell, and non-T, non-B leukemia lines* 


M of lymphoid follicles (starry sky M) 
M of lymphatic T zones 

M of lymph node sinuses 

M of bone marrow 

M of splenic red pulp 

M of liver (von Kupffer cells) 
Peritoneal and alveolar M 

M of connective tissue (histiocytes) 
M of gastrointestinal tract 

M of placenta (Hofbauer cells! 

M of renal interstitium 


M of brain (glial cells) 


Dendritic reticulum cells 
interdigitating reticulum cells 
Langerhans’ cells 





Abbreviations: —, negative; |+), weakly positive; 


macrophages. 


See text for details. 


testinal tract and interstitium of the kidney, as well as 
Hofbauer cells as the macrophage population of the placenta 
(Table 1). Dendritic reticulum cells (follicular dendritic 
cells) of lymphoid follicles (Fig 2) as well as interdigitating 
reticulum cells of lymphatic T-zones and Langerhans’ cells 
of the epidermis, known as accessory cells of B cell and T cell 
immune response, respectively, and differently claimed to 
belong to the monocyte/macrophage system, were clearly 
negative for Ki-M8 (Table 1). The reactivity of Ki-M8 with 
natural killer (NK) cells seemed to be unlikely because 
immunohistochemical staining of lymphoid tissue with 
Leu-7* (Becton Dickinson, Mountain View, CA) specific for 
NK cells clearly revealed a different staining pattern of 
tonsils with the bulk of reactive cells within the follicle. 
Cross-reactions with other tissue structures could not be 
observed, such as those of epithelial, endothelial, neural, and 
mesenchymal origin analyzed in organs mentioned in Table 
1, in endocrine organs, in male and female genitals, in 
salivary glands, and in lung, heart, and striated muscle 

Electron microscopy. On electron microscopic evalua- 
tion, the reactivity of Ki-M8 was mainly confined to the bulk 
of lysosomal structures as well as phagosomes. Within these 
organelles Ki-M8 stained the surrounding walls as well as 
part of the interior. Other cell structures, especially the 
surface membrane and nuclei, did not show any immuno- 
reactivity (Fig 3). 


Ki-M8 REACTIVE WITH MONOCYTES/MACROPHAGES 
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Fig2. Light microscopic immunohistochemical reactivity of Ki-M8 in human tonsil (A) and lymph node (B). Lymphoid follicles populated 
by starry sky macrophages and dendritic reticulum cells are negative for Ki-M8 (arrow). Interfollicular macrophages of lymphatic T zones 


(T) and macrophages of lymph node sinuses (S; double arrow 


lymph node capsule) show strong reactivity. Cryostat sections, 


immunperoxidase reactions, original magnification x 140 (A), original magnification x 350 (B). 


Results of Functional and Biochemical Analyses 


Blood monocytes treated for 2.5 hours with Ki-M8 showed 
a significantly decreased chemiluminescence response 
(Fig 4A). Whereas dilutions of Ki-M8 of 1:2,000 did not 
show any significant effects, dilutions of down to 1:100 lead 
to a dose-dependent decrease of chemiluminescence response 
amounting to about 30% in case of 1:100 dilution as 
compared with untreated and antimonocyte |-treated mono- 
cyte samples (Fig 4B and C). These differences could not be 


due to variations or undesired stimulation during monocyte 
separation because one and the same blood sample was used 
for these experiments. After prolonged culture over 24 hours, 
no further differences could be observed between the 
untreated and Ki-M8 as well as antimonocyte |-treated 
monocytes (Fig 4C). Particle ingestion was not influenced by 
either Ki-M8 or antimonocyte | (data not shown). In addi- 
tion, as shown by light microscopic immunohistochemistry 
and immunofluorescence staining, phagocytosis of zymosan 
A did not induce surface expression of the Ki-M8 antigen. 





Fig 3. 


Electron microscopic immunohistochemical reactivity of Ki-M8 in macrophages of human lymph node. Ki-M8 reaction site is 


confined mainly to lysosomes and vesicular structures (A; arrow) as well as phagosomes (B; arrow; Ly ~ lymphocyte, M macrophage). 
Paraformaldehyde fixation, immunoperoxidase reactions, postfixation with osmium tetroxide, resin embedding, original magnification x 
13,500 (A), original magnification x 16,500 (B); bar = 1 um. 
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Fig4. (A) Chemiluminescence response (cpm x 10°) of blood monocytes treated with MoAb Ki-M8 over 2.5 hours. Ki-M8 significantly 
inhibits the generation of oxygen radicals measured over 40 minutes in comparison to untreated blood monocytes (standard ~ ST). (B) 
Chemiluminescence response of blood monocytes treated with various dilutions of MoAb Ki-M8 over 2.5 hours (mean values, n = 4), 
Chemiluminescence of untreated blood monocytes corresponds to 100%. A dilution of 1:100 of MoAb Ki-MB8 leads to a decrease of 
chemiluminescence amounting to about 30%. (C) Chemiluminescence response (cpm x 10°) of blood monocytes treated with MoAbs 
Ki-M8 and antimonocyte 1 (Mono 1) over 2.5 and 24 hours {n = 4) in comparison to untreated blood monocytes (standard = ST ~ 100%). A 
significant inhibition of chemiluminescence response can be observed only in case of monocytes treated with Ki-M8 over 2.5 hours. E 
KI — M8; 0, MONO 1; EJ, ST. (D) Chemiluminiscence response (cpm x 10°) of untreated (standard — ST) and Ki-M8-treated 
granulocytes measured over 40 minutes. A significant difference cannot be detected. 


Chemiluminescence responses of granulocytes, untreated or AS-D chloroacetate esterase, and nonspecific acid esterase in 


treated with Ki-M8, did not show significant differences 
(Fig 4D). 

Ki-M8 immunostained two protein bands of 30.000 and 
32.000 daltons under nonreducing conditions (Fig 5). These 
protein bands could be observed in all three samples of 
tonsilar extracts analyzed, although with different degrees of 
intensity. Control stainings applying physiologic saline or 
supernatants of unfused myeloma cells instead of MoAb 
Ki-M8 did not show any positively stained protein band 
(data not shown). 


Ki-M8 in Myelomonocytic Leukemias 


The number of blasts in the analyzed cases ranged from 
29% to 97%. Blasts were considered as reactive with a given 
MoAb antibody if the number of positive blasts exceeded 
10%. Ki-M8 showed a positive immunostaining in eight of 
the analyzed cases (20%), which were also reactive with the 
MoAbs My7- and Ki-M1-recognizing monocytes but not 
with the MoAbs Vim2-, VimD5-, and 3C4-recognizing gran- 
ulocytes and myelomonocytic precursors. Based on these 
data a clear distinction between the monocytic, on one hand, 
and the pure granulocytic and myelomonocytic leukemias, 
on the other hand, could be obtained. Enzymecytochemically 
Ki-M8 reactive cases were positive for peroxidase, naphthol 


eight (100%), four (50%), and eight (100%) cases, respec- 
tively. Thus a direct relationship between the immunohisto- 
chemical analysis and the French-American-British (FAB) 
classification applying morphological and enzymecytochem- 
ical criteria could not be found, as shown also by other 
authors.*** The incidence of cases with a positive reaction to 


Fig 5. Antigens immunostained by the MoAb Ki-M8 in com- 
parison to the whole tonsillar protein pattern and a mol wt 
standard stained with Amido black (from left to right; for details 
see text). The antigens display mol wt of 30,000 and 32,000 
daltons. 
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these enzymecytochemical stainings among the remaining 
32 patients amounted to 19 (60%), eight (25%), and 31 
(97%), respectively. The analyzed cases of acute and chronic 
lymphocytic leukemias did not show any immunoreactivity 
with MoAb Ki-M8. 


DISCUSSION 


The significance of monocytes and macrophages for the 
immune response“ and the multitude of disorders caused 
by abnormalities of these cells? underline the importance 
of reliable reagents characterizing this cell system. Mono- 
cytes and macrophages have been defined by morphological, 
cytochemical, immunologic, and functional methods*'*?; 
most of such analyses, however, have been performed in vitro 
using easily accessible members of this cell system such as 
blood monocytes and macrophages of serous cavities in 
addition to permanent monocyte/macrophage-related cell 
lines subjected to different stimulation procedures. This issue 
also holds true for most of the MoAbs established so far to 
characterize the monocyte/macrophage system.'*'***** The 
majority of such reagents did not prove entirely specific due 
to their concomitant reactivity with granulocytes, >55 T lym- 
phocyte subpopulations,” including NK cells. or plate- 
lets. 

The MoAb Ki-M8 described in this study fulfills the 
criteria of a restricted occurrence within the monocyte/ 
macrophage system applying samples of separated cell popu- 
lations, of human tissue sections, and of permanent human 
cell lines. On immunchistochemical staining of frozen tissue 
sections and smears of bone marrow, only monocytes and 
macrophages with the typical distribution pattern in lym- 
phatic and nonlymphatic organs were selectively recognized 
(Figs 1 and 2). The only exception was made by the so-called 
starry sky macrophages of the lymphoid follicles and macro- 
phages of the central nervous tissue. Antigen-presenting cells 
(accessory cells of B cell and T cell immune response) such as 
dendritic reticulum cells (follicular dendritic cells)*' of lym- 
phatic B zones as well as Langerhans’ cells of the skin and 
interdigitating reticulum cells of lymphatic T zones” were 
not immunostained by Ki-M8, although their relationship to 
the monocyte/macrophage system has variously been 
claimed. ™?”® Considering permanent human cell lines, the 
promyelocytic cell line HL-60 and the histiocytic cell line 
U-937 revealed positive only after adequate stimulation to 
evolve into mature macrophages (Table 1). Epithelial, endo- 
thelial, and neural cells as well as mesenchymal cells not 
related to macrophages, including lymphocytes and granulo- 
cytes, invariably showed a negative reaction. 

Considering the fundamental capabilities of monocytes/ 
macrophages and related cells beyond their ability to differ- 
entiate from bone marrow precursors over monocytes into 
tissue macrophages™ and beyond their regulatory function 
during immune response“ mainly expressed in antigen 
presentation, the effector function in connection with non- 
specific defense against microorganisms has been extensively 
investigated. Tests covering these aspects of macrophage 
function measure phagocytosis and release of lysosomal! 
contents.’?! The ultrastructural localization of Ki-M8 reac- 
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tive antigen in lysosomal structures (Fig 3) motivated us to 
study the effect of Ki-M8 on such effector functions usually 
considered to be bound to lysosome integrity. The results 
showed that Ki-M8 significantly impaired the generation of 
oxygen radicals during the respiratory burst primed by 
ingestion of zymosan particles, whereas particle incorpora- 
tion was not influenced (Fig 4A and B). Other monocyte/ 
macrophage specific MoAbs of the same immunoglobulin 
class recognizing exclusively surface antigens such as anti- 
monocyte 1'4 did not show any effect on this function 
(Fig 4C). The observation that Ki-M8 impaired respiratory 
burst leaving particle incorporation unaltered may suggest a 
direct effect of Ki-M8 on oxygen-radical generating mecha- 
nisms rather than on phagocytosis activity or on modulation 
of membrane receptors. It remains to be established, how- 
ever, by which mechanism Ki-M8 is internalized in mono- 
cytes during incubation to exert effects on chemilumines- 
cence and why this effect is abolished after 24 hours. 

In a further step we applied the MoAb Ki-M8 to acute 
nonlymphoblastic leukemias. In the FAB classification of 
monocytic and granulocytic leukemias in addition to the pure 
granulocytic (M1-M3) and pure monocytic differentiation 
patterns (M5), a further group of leukemias having granulo- 
cytic as well as monocytic properties in common {M4} has 
been separated.“ These myelomonocytic leukemias (M4) 
probably reflect frozen differentiation stages of precursor 
cells with a bimodal differentiation potency to evolve either 
in granulocytes or monocytes. Considering the fact that 
myelomonocytic precursors may express nonspecific acid 
esterase, there is a need for a more specific marker to clearly 
separate the monocyte lineage. The high specificity of Ki-M8 
for monocytic cells and specifically its negativity in all three 
types of granulocytes render this antibody appropriate for 
the application under this aspect. In 40 cases of acute 
nonlymphoblastic leukemias, eight cases were found to pos- 
sess the monocytic phenotype due to their characteristic 
pattern of reactivity being positive for Ki-M8 and being 
negative for MoAbs recognizing granulocytes and myelo- 
monocytic precursors. 

There seems to be no evidence that the Ki-M8 reactivity 
pattern could be covered by one of the hitherto described 
MoAbs directed against the monocyte/macrophage system, 
since antigens with mol wt of 30,000 and 32,000 (Fig 5) and 
with an intracytoplasmatic localization (Fig 3) have not been 
described so far for this cell system.'*!9497? Some 
similarity might exist to the MoAb recently established by 
Zwadlo et al®: in contrast to this reagent the Ki-M8 antigen 
is weakly expressed in blood monocytes and increases mainly 
during the late stages of monocyte/macrophage differentia- 
tion. To our knowledge Ki-M8 comprises one of the first 
MoAbs specific for monocytes and macrophages not only on 
the basis of antigen distribution under normal and neoplastic 
conditions but also considering its effect on a typical mono- 
cyte /macrophage-related function. Further studies will show 
whether the inhibitor potency of Ki-M8 will also apply for 
other functions being probably dependent on lysosomal 
integrity such as other secretory activities” or lysis of tumor 
cells. 7? 
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Lactoferrin Derived From Neutrophils Inhibits the Mixed Lymphocyte Reaction 


By Kevin Slater and John Fletcher 


The effects of the products of phagocytosing neutrophils 
on lymphocyte transcriptional activity have been investi- 
gated using allogeneic mixed lymphocyte cultures (MLC). 
When MLCs are grown crowded in round-bottomed wells, 
uptake of tritiated uridine is inhibited by the presence of 
neutrophil products. Similarly, inhibitory activity is shown 
by purified lactoferrin. The inhibitory factor released by 
neutrophils is positively identified as lactoferrin, since its 
activity is lost in the presence of specific antibody. In 
addition, inhibitory activity is lost when lactoferrin is 
removed by a monoclonal antibody (MoAb) column and is 
recovered with lactoferrin from the column. The active 


NUMBER OF ROLES have been suggested for the 
iron binding protein lactoferrin (Lf), usually in rela- 
tion to host defenses, since the binding of iron to apo-Lf 
makes it unavailable to invading organisms and limits their 
growth.' This is probably its function in the many secretions 
in which it is found in high concentrations, including milk, 
tears, gastric and bronchial secretions, and seminal fluid.’ Its 
role in plasma is less clear, as the plasma protein transferrin 
is quantitatively much more important in binding iron and 
limiting its availability to microorganisms.’ However, Lf 
binds iron at lower pH than transferrin and may take over a 
bacteriostatic function in the acidic conditions of pus.* 
Plasma lactoferrin is derived from the secondary granules 
of neutrophils and is discharged from the cell when neutro- 
phils are activated during inflammation.*® A number of 
extracellular functions influencing the inflammatory 
response have been described, including aggregation of neu- 
trophils,’ inhibition of the complement system,® suppression 
of antibody production,’ modulation of natural killer (NK) 
cell activity,” and inhibition of colony-stimulating-factor 
(CSF) production.'! The inhibition of CSF production may 
be a direct action of Lf on monocytes and macrophages or an 
indirect action by inhibition of a monokine required for CSF 
production from T lymphocytes, fibroblasts, and vascular 
endothelial cells.'*'* Thus both the effects upon CSF produc- 
tion and on antibody production indicate an interaction 
between Lf and mononuclear cells involving control of pro- 
tein synthesis. There is some evidence for a similar action of 
neutrophil products in vivo, as patients with peripheral blood 
neutrophil counts greater than 15 x 10° L~' showed 
impaired skin responses to various T and B mitogens; normal 
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form of lactoferrin carries iron and the apoprotein is 
inactive. MLCs crowded in round-bottomed wells take up 
considerably more uridine than when spread in flat- 
bottomed wells, and it is this enhanced transcriptional 
activity that is inhibited by neutrophil-derived lactoferrin. 
Enhanced uridine uptake by crowded cultures is due to 
factors that can be transferred in the supernatants to 
promote uridine uptake by spread cultures. Neutrophil 
lactoferrin inhibits both production and effect of the trans- 
ferable factor(s). 

è 1987 by Grune & Stratton, inc. 


responses return when neutrophil counts fall. The hypothe- 


sis that lactoferrin released from neutrophils may have a role 
in control of lymphocyte responses has been investigated 
using an allogeneic mixed lymphocyte culture (MLC) that 
allows measurement of factors in the culture supernatants in 
the absence of stimulatory substances such as lectins and 
exogenous endotoxins. We have shown that a factor released 
from phagocytosing neutrophils inhibits transcriptional 
activity in lymphocyte cultures, identified the factor as 
lactoferrin, and demonstrated a requirement for iron to 
activate the molecule. 


MATERIALS AND METHODS 


Subjects. Blood was obtained from normal, healthy volunteers 
among the laboratory staf’. 

Neutrophils. Peripheral blood was taken into EDTA and the 
neutrophils separated by centrifugation over a Mono-Poly Resolving 
Medium (Flow Laboratories, Rickmansworth, UK). The cells were 
washed three times in phesphate-buffered saline (PBS) free of Ca?’ 
and Mg’. The cells were then resuspended in PBS containing | 
mmol/L CaCl, and 0.7 mmol/L MgCl, at a final cell concentration 
of 2x 0f mL 

Phagocytosis. Candida guilliermondii were cultured overnight 
in glucose broth and then heat killed at 100°C for 15 minutes. The 
cells were washed and opsonized in pooled human serum for 45 
minutes at 37°C with continuous mixing. The C guilliermondii were 
resuspended at 10’ mL”! in PBS containing Ca?” and Mg’. 

Equal volumes of the neutrophil and C guilliermondii prepara- 
tions were mixed together and incubated with continuous mixing at 
37°C for 30 minutes. The cells were removed by centrifugation and 
the supernatant sterilized by passage through a micropore filter 
(Flow Laboratories). Aliquots of the “phagocytosing neutrophil- 
conditioned medium” (PNCM) were stored at --20°C until 
required. 

Lactoferrin. Lactoferrin (Lf) from human breast milk was 
obtained from Sigma Chemical Co, $1. Louis. This was prepared in 
Tris/HCI buffer and used either irom free (Apo-Lf) or 50% iron 
saturated (Fe-Lf). Fifty percent iron saturation was achieved 
according to the method of Gutteridge et al'® to avoid nonspecific 
binding. Briefly, Lf was prepared in 0.2 mol/L Tris/HCl buffer 
containing 10 mmol/L NaHCoO,, and iron was added as Fe, 
(NH,),(SO,)2 taking 1.4 ug Fe per mg of protein to give 100% 
saturation. The iron and protein were incubated at 37°C for 30 
minutes. Fifty percent saturation was confirmed by detection of an 
absorbance peak at 460 am. Sigma Lf is stated to be 0.1% iron 
saturated, but no absorbance could be detected at 460 nm. The Lf 
preparations were filter sterilized and aliquots stored at ~ 20°C until 
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required. The Lf concentration of PNCM was kindly measured by 
Dr J. Porter of University College Hospital, London using an 
enzyme-linked immunosorbent assay (ELISA) technique. 

Antibodies. Rabbit antihuman breast milk Lf was obtained 
from Dako-Patts, High Wycombe, UK. Monoclonal anti-Lf against 
human neutrophil Lf was a generous gift Dr J. Brock (Glasgow 
University). 

The antibodies were bound to CNBr-activated Sepharose 4B 
according to the method of van Eijk.” The efficacy of the antibody 
columns was determined by passage of “Fe-labeled Lf down the 
columns. This could be completely retained and subsequently recov- 
ered using Glycine/HCI buffer at pH 2.8. Detection of an absorb- 
ance peak at 460 nm indicated that this treatment did not cause 
dissociation of the bound iron. 

Mixed lymphocyte cultures. Peripheral blood from three volun- 
teers was taken into heparin and the mononuclear cells obtained by 
centrifugation over lymphocyte separation medium (LSM) (Flow 
Laboratories). The cells were washed three times in RPMI 1640 and 
resuspended at 1.1 x 10°mL~' in RPMI containing 15% fetal calf 
serum, nonessential amino acids, penicillin, streptomycin, and 10° 
mol/L indomethacin (c-RPMI). The cells from the three donors 
were kept separate throughout and were only mixed prior to use. One 
hundred eighty microliters of the mixed lymphocyte culture (MLC) 
was added to the wells of 96-well tissue culture plates (Costar, 
Cramlington, UK). Twenty microliters of Lf or PNCM dilution was 
added in quadruplicate; thus standard conditions consisted of 2 x 
10° cells in 200 pL. Spread cultures and crowded cultures were 
produced in flat-bottomed and round-bottomed wells respectively. 
The cultures were incubated at 37°C at 100% relative humidity with 
5% CO, in air for 72 hours unless otherwise stated. 

To determine the direct effect of Lf and PNCM on the MLC, 0.2 
uCi tritiated uridine CH-UdR) in 20 uL was added to the cultures 
for the last six hours of the culture period. The cells were then 
harvested onto glass fiber mats using a Dynatech Automash 2000. 
Incorporation of uridine was assessed by liquid scintillation counting 
in a Packard Tri-carb counter. For the determination of growth 
factor production, supernatants were prepared by resuspending the 
pellet followed by centrifugation to remove the cells. Aliquots of 
spread and crowded cell supernatants were stored at — 20°C until 
required. 


RESULTS 


Both PNCM and 50% iron-saturated Lf (Fe-Lf) were able 
to significantly reduce the incorporation of *H-UdR into a 
72-hour MLC. However, as can be seen from Fig 1, signifi- 
cant inhibition could only be achieved if the cells of the MLC 
were crowded together in round-bottomed wells of tissue 
culture plates. When compared with cultures spread in 
flat-bottomed wells, the crowded cultures resulted in consid- 
erably greater stimulation. It was this stimulation, resulting 
from cell crowding, that was inhibited by both PNCM and 
Lf. 

Figure 2 shows the effect of removal of Lf from PNCM by 
monoclonal antilactoferrin bound to CNBr-activated Sepha- 
rose columns. It can be seen that this procedure almost 
completely abrogates the inhibitory activity of PNCM. Pre- 
vious experiments from *Fe-labeled Lf had shown that Lf 
could be recovered from the column with glycine HCI buffer 
pH 2.8. Lf could therefore be recovered from PNCM, and 
Fig 2 shows that this Lf retained its inhibitory activity 
against the MLC. 
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Fig1. The effect of PNCM and 10°" mol/L Fe-Lf on the MLC 
in crowded and spread conditions. The results represent the mean 
of six separate experiments + SEM using a different PNCM donor 
for each. C, Control; E, + PNCM: Eh, + Fe —Lf. 
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Fig 2. The effect of removal of lactoferrin from PNCM by 
monocional antilactoferrin bound to a CNBr-activated sepharose 
4B column. The results show the mean percentage inhibition of 
5H-UdR uptake by MLC compared with controls in six separate 
experiments using a different PNCM donor for each. 
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Figure 3 shows that polyclonal antilactoferrin in the liquid 
phase was able to abrogate the inhibitory activity of PNCM. 
Polyclonal antilactoferrin (Dako-Patts) was extensively dia- 
lyzed against PBS at 4°C to remove all sodium azide; serial 
dilutions of the azide-free antibody were mixed with PNCM 
and incubated at 37°C for one hour. This procedure resulted 
in the total abrogation of the inhibitory activity of PNCM. 

Figure 4 shows that 50% Fe-Lf inhibits the MLC in 
crowded cultures at concentrations between 107° and 10°” 
mol/L, but the effect is lost at 10°'* mol/L. Apo-Lf showed 
no significant inhibitory activity at any concentration. The 
dose-response curve for PNCM when expressed in terms of 
its Lf concentration was the same as purified 50% Fe-Lf. The 
data illustrated in Fig 4 suggests that the Lf in PNCM, being 
inhibitory to the MLC, is carrying iron. This was confirmed 
by the formation of a pink band on the affinity column 
during the separation of Lf from PNCM, thus indicating 
that the neutrophil-derived Lf was indeed carrying iron. 

Having determined that the inhibitory factor in PNCM 
was Lf, we then investigated further the effects of Lf on the 
MLC. As discussed earlier, considerably more stimulation 
was achieved when the cells of the MLC were crowded 
together in round-bottomed wells of tissue culture plates 
than when spread in flat-bottomed wells. It was the extra 
stimulation induced in the crowded cultures that was inhibit- 
able by Lf. It was therefore assumed that Lf acted on a factor 
that promotes transcriptional activity and is produced as a 
result of cell crowding. To test this hypothesis supernatants 
were collected from 72-hour crowded cultures grown in the 
presence or absence of PNCM or Fe-Lf. These supernatants 
were then added to a spread culture with an equivalent 
volume of cRPMI acting as a control. It can be seen from Fig 
5 that crowded culture supernatants significantly increased 


% Inhibition 
> 





38080 waEe 
PNCM + Anti-Lf 
Anti-Lf alone 





PNCM 


Fig3. The effect of adding polyctonal antilactoferrin to PNCM. 
The results show the mean percentage inhibition of *H-UdR uptake 
by MLC compared with controls in six separate experiments using 
a different PNCM donor for each. 
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expressed in terms of its Lf concentration. Shaded area shows the 
mean and standard error of *H-UdR uptake by lactoferrin-free 
control MLCs. 


the stimulation of the spread MLC above that of the control. 
When supernatants were produced in spread cultures and 
subsequently transferred to a second spread culture, no 
increase in stimulation was observed. Thus a factor that 
increases transcriptional activity was being produced as a 
result of cell crowding. Figure 5 also shows that both PNCM 
and Fe-Lf were able to reduce the apparent production of 
this factor. What is not clear from these data, however, is 
whether the Fe-Lf is inhibiting the production of the factor 
or whether carry-over of Fe-Lf in the supernatant is affecting 
the action of the factor in the spread culture. Consequently 
Fe-Lf was added after completion of 72 hours crowded 
culture, and then supernatants were transferred to spread 
cultures. The results (Fig 6) show significant inhibition of 
*H-UdR uptake in the spread culture but less inhibition than 
expected if carry-over was the whole explanation. Similarly, 
supernatant from which lactoferrin was removed by passage 
down an affinity column produced an intermediate level of 
inhibition (data not shown). Thus Lf appears to have an 
effect on both the production and the effect of the tran- 
scription-promoting factor. 

Finally, the time course of Fe-Lf effects was investigated. 
Figure 7 shows no detectable inhibition by Fe-Lf of 7H-UdR 
uptake into crowded cultures until 72 hours. When the 
supernatants from these cultures were transferred to spread 
cultures the same result was obtained, as only supernatants 
from 72-hour cultures showed significantly impaired ability 
to increase *H-UdR uptake. 


DISCUSSION 


During phagocytosis of opsonized particles, neutrophils 
discharge 60% to 70% of secondary granule proteins into the 
surrounding medium.** Similarly, neutrophils obtained from 
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Fig 5. The effect of PNCM and 10° mol/L Fe-Lf on a 
transferable transcriptional factor. Supernatants from 72-hour 
crowded cultures grown in the presence and absence of PNCM or 
10°"? mol/L Fe-Lf were added to spread cultures and the °H-UdR 
uptake compared with a control spread culture in cRPMI alone. 
Results shown are the mean + SEM from six separate experi- 
ments with a different PNCM donor for each. &, RPMI; D, no 
inhibitor control; Z, + PNCM:; £4, +Fe —Lf. 


patients undergoing surgical trauma show evidence of sec- 
ondary granule discharge with reduced intracellular concen- 
trations of granule proteins accompanied by rising levels in 
the plasma.'* Thus there is circumstantial evidence for an 
extracellular role for secondary granule constituents, includ- 
ing Lf released when neutrophils are activated. At least one 
possible extracellular action is negative feedback control of 
lymphocyte responses, which is in keeping with other evi- 
dence that Lf inhibits T cell function’? and antibody produc- 
tion.’ 

The observations reported show that phagocytosing neu- 
trophils release a factor that inhibits uptake of uridine in a 
MLC. The factor has been clearly identified as Lf, since 
inhibitory activity was lost when specific antibody was added 
or when Lf was removed on a monoclonal antibody (MoAb) 
column and restored when Lf was recovered from the 
column. The effects of the neutrophil-derived Lf could be 
reproduced by Lf purified from human breast milk. There 
was a clear requirement for iron, as the apoprotein lacked 
activity. This finding was unexpected, as Lf would bind any 
free iron in the growth medium: the explanation may be 
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Fig6. The effect of adding 
10°" mol/L Fe-Lf at the begin- 
ning and end of a 72-hour 
crowded culture. Supernatants 
were then added to spread cul- 
tures and °H-UdR uptake com- 
pared with a contro! spread 
culture in cRPMI alone. Results 
shown are the mean + SEM 
from five separate experi- 
ments. &, + RPMI; O, no Lf; 
El, Fe —Lf added at initiation of 
crowded culture; ©, Fe —Lf 
added at termination of 
crowded culture. 
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Fig7. The time course of °H-UdR uptake by crowded cultures 
with and without 10°'° mol/L Fe-Lf (A). At 24, 48, and 72 hours 
supernatants from these crowded cultures were transferred to 
spread cultures and incubated for a further 72 hours (B). The 
results shown are the mean = SEM of seven separate experi- 
ments. O. No Lf; B, + Fe -Lf EL + RPMI. 
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binding of free iron by transferrin from fetal calf serum 
before Lf was added. 

Lf binds to specific receptors identified on mononuclear 
phagocytes and B lymphocytes!’ where it presumably 
delivers iron that is subsequently involved in reactions limit- 
ing the production or action of factors influencing tran- 
scription and protein synthesis. There is very little data about 
the iron saturation of Lf in neutrophil granules, but it is 
usually considered to be iron free,“ whereas both the pink 
color when neutrophil-derived Lf is retained on an antibody 
column and its inhibitory action against the MLC suggest 
that when released it carries iron. This raises the intriguing 
possibility that Lf released passively by cell death is iron free 
and inactive, while Lf released by activation of the neutrophil 
acquires iron and, with it, inhibitory activity. The sources of 
iron may be microbial ferritin, as superoxide radical gener- 
ated by the neutrophils’ respiratory burst and involved in 
microbial killing can certainly mobilize iron from ferritin.” 
During an inflammatory response there must be a balance 
between factors such as endotoxin and complement break- 
down products, providing a positive stimulus to mononuclear 
cells and negative factors such as Fe-Lf released from 
neutrophils when invading organisms are phagocytosed and 
killed. Initially the reaction will be driven, but as it succeeds 
it must be inhibited. 

An argument against a physiologic regulatory function for 
Lf is the concentration at 10°? mol/L reported in normal 
plasma,” as this is well within the concentration range at 
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which Lf affects lymphocyte growth (Fig 4). One explana- 
tion may be the failure to distinguish between iron-free 
inactive molecules and the iron-carrying active form. A more 
likely explanation is the difficulty in avoiding neutrophil 
activation and secondary granule discharge during venesec- 
tion, since when great care is taken the plasma Lf concentra- 
tion may be only 10°" mol/L and below the concentration 
effective on lymphocyte responses.” 

The present study has shown that a neutrophil product, 
namely Lf, inhibits RNA transcription CH-UdR uptake) in 
a MLC. It is possible to show the same, although less 
marked, effect upon DNA synthesis using labeled thymidine 
(data not shown). When the cells were crowded in a round- 
bottomed well, there was considerably more uridine uptake 
than when spread in a flat-bottomed well, and this effect 
appeared to be due to a soluble factor, since it was transfer- 
able in the supernatant from crowded cultures. The inhibi- 
tory action of Lf was on this factor, either reducing its 
production or its transcription-promoting effect or both, 
Experiments adding Lf to crowded culture supernatants or 
removal of Lf from supernatants produced in its presence 
appeared to show an effect upon both growth factor produc- 
tion and transcription-promoting activity. These results 
might be explained by inhibition of factor production in both 
the crowded cultures and spread cultures, as transcription- 
promoting factors are probably produced as a secondary 
event in the stimulated spread cultures. Specific assays are 
being performed to define the factors involved. 
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Quantitation of Human In Vitro Megakaryocytopoiesis by Radioimmunoassay 


By Barbara W. Grant, William L. Nichols, Lawrence A. Solberg, Diane J. Yachimiak, and Kenneth G. Mann 


The isolation and characterization of human megakaryo- 
cyte growth factors has been hampered because evalua- 
tion of megakaryocyte growth in semisolid medium 
requires both lengthy incubation and visual quantitation. In 
addition, colony formation requires cell division, while most 
regulation of platelet production may involve individual, 
nonproliferating differentiating megakaryocytes. We have 
developed a radioimmunoassay (RIA) that makes use of an 
iodinated murine monoclonal antibody (MoAb) specific for 
platelet /megakaryocyte glycoprotein Ib/Illa (GPIlb/Ila) to 
measure megakaryocyte production in liquid marrow cul- 
ture. This assay is sensitive to 3 x 10° platelets {roughly 30 
megakaryocytes) and linear up to 1 x 10° platelets, and 


CCUMULATING evidence suggests that the regula- 
tion of megakaryocyte production in mammals is 
exerted at at least two different steps in the megakaryocyte- 
platelet differentiation pathway.’? Increasingly sensitive 
assays for megakaryocyte colony formation have facilitated 
the study of the early (proliferative) phase of megakaryocy- 
topoiesis.** This phase of platelet production is, however, the 
least sensitive to acute changes in platelet count’? and thus 
arguably less important in day-to-day platelet number 
homeostasis. Because most of the control of platelet produc- 
tion may be exerted upon single cells that ultimately become 
multinucleate, expand their membrane, and mature cyto- 
plasmically to produce platelets, it seems appropriate to 
develop an assay that would be sensitive to megakaryocyte 
maturation. In addition, colony assays for megakaryocyto- 
poiesis require 1] to 15 days of incubation before colonies 
(CFU-M) can be accurately counted by visual inspection.** 
A less time-consuming and labor-intensive assay for use as a 
screening test for growth factors was therefore most desir- 
able. 

The glycoprotein Hb/Hla (GPIIb/IIla) complex is pres- 
ent on all recognizable human megakaryocytes and platelets 
from normal donors.!™!? Fluorescent antibodies against this 
complex have been extremely useful as specific markers for 
megakaryocytic colonies and in identification of earlier, 
morphologically unrecognizable megakaryocytic cells from 
both cultures and patient materials.*'''* As Jenkins et al! 
have shown using biosynthetic labeling of isolated CFU- 
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thus it provides a useful range for quantitating megakaryo- 
cyte production in in vitro marrow culture. Significant 
differences (threefold to fivefold) in megakaryocyte /plate- 
let-specific GPllb/Illa complex are detected between stim- 
ulated and unstimulated marrow cultures by day 7, 
although antigen accrual in stimuiated cultures continues 
through at least day 16. Conditions that promote mega- 
karyocyte growth in semisolid medium (ie, aplastic plasma 
and PHA-LCM) have also been facilitory in liquid culture. 
This rapid and sensitive assay for cell-bound GPllb/Ila 
should facilitate recognition and isolation of megakaryo- 
cyte and platelet growth factors. 

© 1987 by Grune & Stratton, Inc. 


M-derived human megakaryocytes, the GPHb/ Ha complex 
is made by megakaryocytes but is not synthesized in detect- 
able amounts by monocyte/macrophage or erythroid colo- 
nies. Thus the cell-bound GPIIb/IIIa in a heterogeneous 
marrow culture cell population specifically reflects mega- 
karyocytic lineage cells present, whether they are platelets, 
morphologically recognizable megakaryocytes, or early anti- 
gen-bearing small round cells. Similar increases in cell 
surface membrane GPIIb/Illa would be observed in cul- 
tured marrow when more small cells are present. or when a 
few individual cells mature and enlarge, or with development 
of both kinds of cells. 

We have developed a radioimmunoassay (RIA) to detect 
cell-bound GPIIb/Ifla that allows rapid quantitative assess- 
ment of in vitro megakaryocytopoiesis. Because the assay is 
relatively easy to perform, it should be useful in screening for 
megakaryocyte growth factors. Because accumulation of 
GPIb/IHa is associated with cytoplasmic maturation’? as 
well as with megakaryocyte proliferation, the assay ought to 
detect growth factors active in the terminal events of mega- 
karyocytopoiesis or platelet production, in addition to factors 
that influence megakaryocyte proliferation. 


MATERIALS AND METHODS 


Marrow culture and cell preparation, Nucleated bone marrow 
cells were obtained from normal volunteers who had given informed 
consent consistent with institutional guidelines. Marrows were col- 
lected into preservative-free heparin (GIBCO Laboratories, Grand 
Island, NY), diluted one to three in phosphate-buffered saline 
(PBS), and spun at 120 g for 15 minutes to remove platelet-rich 
plasma.'® Red blood cells (RBCs) and granulocytes were separated 
from marrow mononuclear cells by density gradient separation 
(Histopaque-1077, Sigma Diagnostics, St. Louis), and another slow 
spin was done. Adherent cells and additional platelets were depieted 
by incubation of mononuclear cells for 60 minutes in 10% fetal calf 
serum in plastic flasks. Assessment of residual platelet /megakaryo- 
cyte lineage cells during marrow preparation using the RIA 
described below reveals 30% to 40% depletion of antigen by cach 
slow spin. Thus 15% to 20% of starting activity remained before 
adherance, 5% to 10% more antigen was removed by the adherence 
step, and plated cells cultured contained about 10% of starting 
cell-bound GPHb/ Hia. 

Marrow culture was performed in 24-weill tissue culture plates 
(GIBCO), at 37°C, 5% CO,, and humidified atmosphere. Three to 
5 x 10° nonadherent, light-density bone marrow cells were cultured 
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in Iscove’s modified Dulbecco’s medium (GIBCO) supplemented 
with 30% serum or plasma, 5 x 10°° mol/L 2-mercaptoethanol, and 
growth factors as noted, in | mL final volume. Plasma and serum 
samples were obtained from consenting normal volunteers and were 
filtered through 0.2- filters prior to use in cultures. Plasmas were 
prepared from blood drawn into syringes containing preservative- 
free heparin. Aplastic plasma was the gift of H. Messner, Toronto, 
Ontario, and fetal bovine serum (FBS) was purchased (Hyclone 
Laboratories, Logan, UT). PHA-LCM was prepared as previously 
described." 

Human umbilical vein endothelial cells cultured to confluence 
over five days as previously described’? were kindly provided by J. 
Hoak. After detachment from flasks by a 0.02% EDTA rinse 
followed by incubation in 0.5% Trypsin (five minutes, 37°C), 
endothelial cells were washed, counted, and assayed by RIA as 
above. 

Megakaryocytes were quantitated in individual wells by counting 
nonadherent cells using a hemacytometer and multiplying by the 
percentage of recognizable megakaryocytes found on a stained 
cytocentrifuge preparation (1,500 cell differentials). 

Radioimmunoassay HP1-1D is a murine antihuman glycopro- 
tein Hb/Ila complex monoclonal antibody (MoAb) of IgG, iso- 
type." The antibody is specific for human platelet or megakaryo- 
cyte GPIIb/{lla, and does not recognize cells of other blood or 
marrow cell lineages.""'* IgG was isolated from the ascites by 
protein A-Sepharose” (Sigma) and iodinated using lodogen-treated 
tubes (Pierce Chemical Co, Rockford, IL) and Iodine-125 (7I; New 
England Nuclear, Boston). Platelets were isolated using the Mus- 
tard technique’® or were obtained in lyophilized form (Bio/Data, 
Hatboro, PA). The binding of “1 HP1-1D to platelets and cultured 
marrow was.examined in phosphate-buffered saline (PBS) contain- 
ing 20% bovine calf serum to block nonspecific and F, binding and 
0.002% EDTA to prevent clumping. After 30 to 60 minutes of 
incubation, binding was complete at 4°C and at 22°C, and subse- 
quent RIAs were routinely performed at 4°C with one-hour incuba- 
tion. On several occasions, however, we did observe small (<15% of 
total counts bound) increases in '*I-HP1-1D bound between 60 and 
180 minutes both to fresh platelets and to cultured marrow. This 
may have been due to slow access of antibody to antigen in the 
canalicular system or to possible antigen exposure due to platelet 
swelling in EDTA. No slow, late increase in binding was observed 
when marrow cultured 12 days in FCS alone was assayed (the 
differential included 20% macrophages, <0.1% megakaryocytes). It 
is possible that by choosing one-hour incubations we did not always 
maximize binding to platelet lineage cells; however, all tubes for a 
given assay were stopped within a minute or two of each other (by 
dilution with cold carrier cells and centrifugation) so that compari- 
sons of binding within sets of tubes are valid. 

For the routine assay, bone marrow cells or platelets were 
suspended in assay buffer (20% heat-inactivated bovine calf serum, 
0.002% EDTA in PBS), pelleted, and supernate decanted. The pellet 
was resuspended in 100 uL chilled assay buffer and 100 uL of 
iodinated HP1-1D in chilled 0.1 mol/L sodium phosphate buffer, 
pH 7.4; 1% FBS was added (usually 400,000 cpm or approximately 
0.02 ug antibody). The mixture was incubated at 4°C with intermit- 
tent shaking for 60 minutes, following which 800 uL chilled buffer 
containing 4 x 10°GPIIb/IHa-negative carrier cells (usually Jurkat 
T-lymphoblastoid cells) were added and mixed. After pelleting, the 
supernate was aspirated, the cells washed once in 1-mL assay buffer, 
and the pellets counted with a gamma counter. For competition 
assays, cold antibody was incubated with target cells for 30 minutes 
at 4°C prior to addition of '°I-HP1-1D. Control MoAbs included 
anti-TAC, which is specific for interleukin 2 (IL2) receptors (the 
gift of T. Waldmann), and a-PS, which is specific for the coagula- 
tion protein S (the gift of W. Church). Assays from marrow cultures 
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were done in duplicate or triplicate on 200-uL. aliquots of resus- 
pended cells from each well. 

Autoradiography. Cells for autoradiography were labeled with 
"251 HP1]-1D, as described in the section above, but subjected to one 
additional wash. Suspended samples were then centrifuged onto 
clean glass slides by cytocentrifuge, dipped in photographic emulsion 
(NTB-2, Kodak, Rochester, NY), and developed for approximately 
two days at 4°C. Following development with D-19 (Kodak), the 
slides were equilibrated with buffer and stained with Wright's 
stain. 


RESULTS 


The RIA, as developed using iodinated HPI-1D, can 
detect as few as 3 x 10° platelets and is linear between 10° 
and 10° platelets (Figs 1 and 2). This latter level coincides 
with calculated antigen excess, if one assumes 40,000 glyco- 
protein lb/Hla complexes per platelet.” Four separate 
antibody iodinations and over 50 platelet titrations have 
yielded completely reproducible results. Approximately 0.02 
ug of antibody and 400,000 counts per minute are added to 
each assay tube. If the average megakaryocyte has approxi- 
mately 100 times the surface area of a platelet,*” this assay 
can detect accurately between 100 and 10,000 megakaryo- 
cytes per aliquot. 

The specificity of iodinated HP1-1D binding to platelets 
was ascertained by competition experiments using cold HPI- 
ID, a murine IgG monoclonal nonreactive with platelets 
(anti-TAC), and murine polyclonal IgG (Fig 2). Binding of 
labeled antibody was competitively blocked by increasing 
concentrations of cold HP!-ID but not by either of the 
nonspecific antibody preparations. Competition experiments 
using cultured (day 14) marrow cells similarly demonstrated 
blocking by cold HP1-1D but not by another murine mono- 
clonal of the same isotype (a-PS is specific for the coagula- 
tion protein S and does react with human platelets; Table 1). 





*The formula for the surface area of a sphere is r d’. Given an 
average platelet diameter of 3 u, and an average megakaryocyte 
diameter of 30 u,” a ratio of platelet surface area to megakaryocyte 
surface area of 100 can be calculated. 
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Fig 1. Binding of '*I-HP1-1D to fresh human platelets. Data 
shown are the mean of triplicates. Very similar curves were 
obtained using platelets from different donors or commercially 
obtained lyophilized platelets. 
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Fig 2. Binding of '*I-HP1-1D to platelets (O——O)} is not 
influenced by pre-incubation of platelets with nonspecific anti- 
bodies (1.0 ug a-TAC, @-—@; 1.0 ug murine y globulin, M-—W). 
increasing amounts of cold HP1-1D progressively inhibit binding of 
the iodinated antibody (0.0075 ug HP1-1D, a--—a: 0.015 ug 
HP1-1D, G----0; 0.03 ug HP1-1D, @-@-—@; 0.06 ug HP1-1D, 
@---; 0.12 ug HP1-1D, A---A). 


lodinated HP1-1D did not bind to cultured human umbilical 
vein endothelial cells, with counts bound in a titration from 
10* to 10° cells being equivalent to that of the Jurkat 
T-lymphoblastoid control (<500 cpm). To be sure that 
trypsin and EDTA used to remove adherent endothelial cells 
from flasks before the RIA had not destroyed endothelial cell 
GPlib/Ila, platelets were subjected to similar treatment. 
EDTA-trypsin treatment of platelets caused only a 20% to 
30% decrease in binding of '“I-HP1-1D. 

Human light density nonadherent bone marrow cells grow 
well in liquid culture, with formation of recognizable 
erythroblasts, macrophages, granulocytes, and megakaryo- 
cytes depending on the growth conditions. Using the RIA we 
monitored total cell-bound GPIIb/IIIa present on marrow 
cells cultured over 15 days in various conditions. The results 
of a representative experiment are depicted in Fig 3 and 
Table 2 gives summary data. During the first four to seven 
days in culture, cell-bound GPIIb/IIfa falls, presumably as 
residual platelets in the marrow preparation disintegrate, 
adhere to the plates, or are ingested by other cells. Culture of 
marrow in media supplemented with fetal bovine serum 
(FBS) by itself permitted minimal antigen accrual over 2 
weeks time. However, FBS reproducibly supported a 
response to PHA-LCM that was usually significant by day 7 


Table 1. Binding of '**I-HP1-1D to Cultured Bone Marrow Cells is 
Blocked by Cold HP1-1D but not by Another Murine IgGs 
Monoclonal, a-PS 





Competing Antibody 
None 4221 + 83.4 


CPM Bound + SEM 





HP1-1D (1 ug) 612 + 55.2 
a-PS (1 ug) 4559.5 + 73.9 





Target cells were aliquots of marrow cells (10° cells/aliquot) that had 
been cultured 14 days in 30% FCS + 5% PHA-LCM. Cells were reacted 
30 minutes at 22°C with competing antibody prior to addition of 
51HP1-1D. 
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Fig 3. Megakaryocytopoiesis in liquid cultures supplemented 
by (A) fetal bovine serum or (B) aplastic human plasma, as 
measured by cell-bound '“I-HP1-1D. Five hundred thousand mar- 
row cells per well were cultured with or without PHA-LCM for 
varied numbers of days in this representative experiment. 


in culture and always two to four times that of FBS alone by 
day 14. Aplastic human plasma routinely supported the 
formation of cell-bound glycoprotein I[b/IIla complex by 
day 7. Antigen accrual continued through day 15 and was 
markedly stimulated by the addition of PHA-LCM. Thus 
although the assay detects a significant difference between 
marrow cultured in FBS alone and that cultured in aplastic 
plasma with PHA-LCM by day 7 (mean of fourfold differ- 
ence), by day 14 this difference is far larger (mean of 
30-fold, Table 2). 

We found that bone marrow cells cultured with 30% 
normal human plasma or serum had little cell-bound glyco- 
protein Hb/Hla after two weeks in culture (Fig 4). The 
addition of PHA-LCM to these cultures had variable effects, 
with some normal samples allowing an increment of twofold 
or threefold antigen increase over two weeks time, but with 
the majority of normal plasmas and sera not supporting such 
megakaryocyte growth (Fig 4). For a given donor, plasma 
and serum usually had similar growth supporting character- 
istics (the plasma and serum samples in Fig 4 are from the 
same donors). 

The RIA proved very reliable in measuring megakaryo- 
cyte lineage cells in liquid culture in over 40 experiments 
using different bone marrow samples. Microscopic examina- 
tion of cytospins from the cultures after day 5 revealed 
recognizable megakaryocytes proportionate to bound counts 
(Fig 5). The standard error between aliquots from a given 
well (duplicates or triplicates) ranged from 0% to 10% of the 
mean counts bound and was usually less than 5%. Well- 
to-well variation (ie, duplicate wells set up on day 1 and 
compared on the day of assay) was occasionally somewhat 
greater, but statistically significant differences between 
unstimulated and stimulated wells (for instance fetal bovine 
serum with and without PHA-LCM) were present by day 11 
even in the most unresponsive marrow. Radioimmunoassays 
were routinely performed only on easily resuspendable cells; 
however, when adherent cells were removed with a rubber 
policeman and assayed, no counts above background were 
observed. 

Visualization of the populations of cells binding iodinated 
HP1-1D was performed using autoradiography on the cul- 
tured marrow populations (Fig 6). Activity bound to recog- 
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Days in Culture 





10 14 





Culture Conditions 7 
FBS alone 100 (9) 74.5 + 10.3 (6) 68 + 7.6 (4) 
FBS + PHA-LCM 184 + 14.7 (9) 489 + 121 (6) 490 + 134 (4) 
Aplastic plasma 272 + 35 (9) 640 + 136 (9) 1106 + 169 {7} 
Aplastic plasma 

+ PHA-LCM 400 + 58.3 (8) 1095 + 155.8 {8} 


2318 + 358 (6) 





Results for each marrow were expressed relative to the counts bound by cells cultured seven days in FBS alone for that marrow prior to averaging. For 
each mean percentage, the standard error of the mean is given, with n” in parentheses. 


nizable megakaryocytes in all stages of maturation and, in 
addition, was found on rare, small round cells similar to those 
found in megakaryocyte colonies.*'? Activity was not found 
on monocytes, macrophages, granulocytes, or erythroblasts. 


DISCUSSION 


We have developed an accurate, specific, and rapid screen- 
ing RIA for cell-bound GPIIb/IIla that is useful for the 
quantitation of human megakaryocytes grown in liquid mar- 
row culture. GPIIb/IIIa on the surface of cells is quantitated 
by use of an iodinated MoAb specific for the human platelet 
or megakaryocyte GPHb/IHa complex. Bound antibody is 
separated from free antibody by centrifugation of cells and 
the pellet counted in a gamma counter. 

The presence of the GPHb/Ha complex on megakaryo- 
cytic lineage cells ranging from small round morphologically 
undifferentiated cells to recognizable mature megakaryo- 
cytes and platelets has been well described’? and the 
complex has been used by many investigators as a target for 
immunofluorescent probes in characterizing cells from colo- 
nies.*'' 33 Some investigators have questioned the specific- 
ity of GPHb/IHa to the megakaryocytic lineage, however, as 
similar proteins cross-reactive with certain antibodies made 
against GPHb/Hla or GPIHa have been described in mono- 
cyte, endothelial, smooth muscle and fibroblast-like cell 
preparations.**** It is likely that shared antigens in the 
a-chain of a family of similar membrane glycoprotein com- 
plexes explain this cross-reactivity.” 
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Fig 4. Megakaryocytopoiesis in liquid cultures supplemented 
by normal human plasma or serum as measured by cell-bound 
128.HP1-1D. Three hundred thousand marrow cells per well were 
cultured with or without added PHA-LCM two weeks prior to 
assay. (A), Normal human plasma; {B}, normal human serum. 


HP1-1D antibody appears to be specific for the GPIb/ 
lla complex rather than for one of the two glycoproteins, as 
dissociation of the complex by incubation of platelets with 
EDTA at 37°C” reduces HP!-1D binding to platelets, and 
the antibody does not specifically bind to electrophoretically 
separated GPIIb and GPIlla in Western blots (Nichols, 
unpublished data). We have not found cross-reactivity of 
HP1-1D with antigens or cells from outside the human 
megakaryocyte/platelet lineage. $? In the present study 
we examined cell types found in marrow cultures and found 
no evidence that '°1-HP1-1D bound to monocytes, macro- 
phages, endothelial cells, or fibroblasts (by RIA, autoradi- 
ography, or both). We have previously reported the biosyn- 
thesis of GPIHb/HIa by megakaryocyte colonies (CFU-M) 
plucked from methylcellulose marrow cultures.'* In those 
studies our monoclonal against the human GPHb/HHa com- 
plex, HP1-1D, was used to purify the **S-methionine-labeled 
complex from cell lysates, and no detectable GPIIb/ Ula was 
synthesized by monocyte/macrophage colonies. Thus to the 
best of our knowledge HP1-1D antibody is specific to the 
cells of interest in this investigation. 

The sensitivity of the RIA is probably similar to that of 
colony assays, but since very different products are measured 
in the different assays, this comparison must be only a 
general one. Investigators report megakaryocyte colony sizes 
ranging from three to 500 cells, with mean colony size less 
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Fig 5. Counts bound are proportionate to recognizable mega- 


karyocytes after 12 days in various liquid culture conditions 
ir = 0.97). Megakaryocytes per fraction were determined by mul- 
tiplying the number of cells per aliquot {as determined by hemacy- 
tometer count) by the percentage of megakaryocytes in a differen- 
tial of 1,500 cells done on a cytospin from that well. Percentages 
varied in this representative experiment from 0% to 3%. 
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Fig 6. 


Autoradiographic demonstration of the specificity of 
"5|_HP1-1D binding to cells. Many grains are seen over the Stage III 
megakaryocyte, while few are seen over an adjacent macrophage. 
(Original magnification x 1,000, current magnification x 680.) 


than 100 cells.** No colonies are routinely formed in unsti- 
mulated (normal human plasma) cultures, whereas aplastic 
plasma and PHA-LCM permit up to 50 colonies per 10° 
marrow cells.*°” In unstimulated liquid cultures we find 500 
to 1,200 CPM bound, which corresponds to about | to 2 x 
10* platelets or 10 to 20 megakaryocytes. Mature mega- 
karyocytes are found on cytospin preparations of these 
cultures, implying that some individual cells may mature in 
vitro to megakaryocytes under conditions where no colonies 
are formed. Marrow cultured in aplastic plasma and PHA- 
LCM binds 4,000 to 30,000 CPM per 10° starting cells by 
day 14, which by extrapolation from platelet-binding curves 
corresponds to 1,000 to 10,000 megakaryocytes. We stress 
that although these calculations demonstrate that colony 
assays and liquid marrow culture assayed by RIA detect 
about the same amount of megakaryocyte growth from 
human marrow preparations, the product measured is very 
different. The unit of measure in a colony assay is the colony 
that represents proliferative and differentiative changes 
occurring among the progeny of one stem cell over time in 
culture. On the other hand, in the RIA the unit of measure is 
a GPIIb/IIla complex expressed on the surface of a cell 
where it can bind radiolabeled antibody. Cells binding 
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radiolabeled antibody may have differentiated in culture, 
proliferated in culture, or both. 

The GPIIb/Ila RIA for evaluation of megakaryocyte 
growth in culture is faster than semisolid culture assays in 
three respects. The first two respects are technical and 
involve the time it takes to set up the cultures and to perform 
the assays. Liquid marrow cultures may be set up much more 
quickly than semisolid cultures because they require only the 
addition of measured volumes of media, cells, and variables 
to 24-well plates. No suspension in methylcellulose, plasma 
clot or agar, or preparation of individual culture dishes is 
required. The time for quantitation is much reduced by the 
RIA as well. We routinely set up 50 to 75 different growth 
conditions on a given marrow and assay them all in duplicate 
or triplicate in about four hours. Counting colonies using an 
inverted microscope or an immunofluorescent microscope 
takes approximately five to 15 minutes per plate, so that 
quantitation of the amount of growth for a given condition in 
triplicate might take 20 to 40 minutes and that for 50 
different conditions several days. 

The third-time advantage the RIA has over semisolid 
marrow culture is that it is sensitive to the presence of growth 
factors after relatively short incubation times. Megakaryo- 
cyte colonies under maximally stimulated conditions (aplas- 
tic plasma and PHA-LCM) are recognizable by day 8 or 9, 
with more colonies formed or becoming recognizable through 
day 14 to 16. Statistically significant differences between 
stimulated and unstimulated liquid culture wells are 
detected by the RIA as soon as days 5 to 7, although in liquid 
culture also antigen accrual continues through day 15. 

The formation of megakaryocyte colonies in semisolid 
medium by definition requires that the committed cells 
undergo cell division, while much of the regulation of mega- 
karyocyte maturation and platelet shedding probably occurs 
on cells that undergo few if any further cell divisions. Thus, 
colony assays, while sensitive for factors that promote or 
permit proliferation (colony stimulating factors), may not 
detect regulators of megakaryocyte maturation (megakaryo- 
cyte maturation factors). Because this GPIIb/Illa RIA of 
liquid marrow culture can measure increases in cell mem- 
brane in addition to increases in cell number, we hope that it 
will be especially useful in recognition and isolation of 
megakaryocyte maturation factors. 
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Production of Colony-Stimulating Activity by Normal and Neoplastic 
Human B Lymphocytes 


By V. Pistoia, R. Ghio, S. Roncella, F. Cozzolino, S. Zupo, and M. Ferrarini 


Normal human B cells were purified from peripheral blood 
or tonsils and tested for their ability to release colony- 
stimulating activity (CSA) in short-term cultures. The tar- 
get cells used in the CSA assays were from peripheral 
blood or bone marrow. Unstimulated B cells produced CSA 
in amounts similar to those present in the GCT-conditioned 
medium used as a positive control. The B cell-derived CSA 
predominantly promoted the growth of colonies that con- 
tained macrophages alone or macrophages and granulo- 
cytes. CSA eluted in a single peak from a G-75 Sephadex 
column with an approximate molecular weight (mw) of 65 
to 70 kilodaitons (kd). Fractionation of tonsil B lymphocytes 
on Percoll density gradients showed that large B cells, 


IOLONY-STIMULATING FACTORS (CSFs) are 
glycoproteins that promote the in vitro growth of 
granulocyte and monocyte/macrophage colonies from com- 
mitted progenitors.’ CSFs are believed to have a fundamen- 
tal role in stimulating hematopoiesis in vivo. Besides pro- 
moting cell growth and differentiation, CSFs may also 
participate in the induction of the inflammatory reaction and 
in the potentiation of a number of effector mechanisms.?” 

Two main types of human CSF have been identified, 
namely a-CSF, which induces neutrophil, monocyte /macro- 
phage, and eosinophil colony formation; and 8-CSF, which 
selectively stimulates neutrophil colonies.’ An additional 
type of human CSF, active only on cells of the monocyte/ 
macrophage lineage (CSF-1), has been characterized and 
cloned.’ 

Numerous cell types produce factors with colony-stimulat- 
ing activity (CSA) some of which are not yet completely 
characterized. These cells include T cells,'™' monocytes/ 
macrophages, '*} endothelial cells,*!* and fibroblasts.'® 

This study demonstrates that normal B cells also release 
CSA in vitro and that CSA production is mainly a property 
of activated B cells. These data suggest that, when activated, 
B cells may take part in the inflammatory response and in the 
regulation of hematopoiesis. Normal B cells and malignant B 
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probably already activated in vivo, were the main source of 
CSA. By contrast, small, resting B cells recovered from a 
different fraction of the Percoll gradient released minimum 
amounts or no CSA. However, these B cells became CSA 
producers following stimulation with Staphylococcus aur- 
eus Cowan (SAC) in vitro. B cells purified from the periph- 
eral blood of nine out of 12 patients with B-cell chronic 
lymphocytic leukemia (B-CLL) also released CSA in vitro in 
the absence of stimuli. These findings suggest that by 
releasing CSA, B cells may have a role in the regulation of 
hematopoiesis and in the control of the inflammatory 
process. 

© 1987 by Grune & Stratton, Inc. 


lymphocytes from a number of CLL patients were found to 
release CSA, 


MATERIALS AND METHODS 


Cell fractionation procedures. Peripheral blood mononuclear 
cells (MNC) from normal conors were separated on Ficoll-Hypaque 
(F-H) density gradients. Monocytes were removed partially by 
adherence. T cells were isclated from the suspensions by rosetting 
with neuraminidase-treated sheep erythrocytes (E), as previously 
reported," followed by fractionation on two subsequent F-H density 
gradients. Indicator cells were removed from E rosetting cells by 
hypotonic lysis.” When indicated, T cells were further depleted of 
monocytes by treatment with an anti- HLA-DR monoclonal anti- 
body (PTF 29/12) and complement. B cells were purified as 
previously described.'* 

Briefly, non-T cells (E rosette—negative cells) were depleted of 
monocytes by treatment with the OKMI1 monoclonal antibody 
(Ortho Pharmaceutical, Raritan, NJ) and complement. They were 
subsequently sensitized with the BI monoclonal antibody (Coulter, 
Hialeah, FL). Then 3 x 10° sensitized cells were rosetted with 2 mL 
of 5% ox erythrocytes coated with a purified rabbit antimouse Ig 
antibody. Rosetting cells (B1* cells) were separated from nonroset- 
ting cells (B1~ cells) on F-E density gradients. Adherent monocytes 
were recovered from plastic with a rubber policeman. Suspensions of 
tonsil lymphocytes were prepared by gentle mincing. Separation of 
MNC on F-H density gradients and depletion of E rosetting cells 
was carried out as above. Ncn-T cells were subsequently treated with 
the OKMI antibody and complement. In order to separate large B 
cells from small B cells, tonsil non-T cells were fractionated on a 
Percoll density gradient.” Cells (5 x 10’) were resuspended in 2 mL 
of 100% Percoll (Pharmacia, Uppsala, Sweden) solution in a 15-mL 
conical test tube. Four additional Percoll concentrations (diluted in 
medium supplemented with 10% FCS) of 60, 50, 40, and 30% were 
layered over the 100% fraction starting from the bottom of the 
tube. 

Cells were spun at 3,000 rpm for 15 min. Four cell fractions were 
obtained: the first fraction contained low density cells, consisting 
predominantly of large B cells; the fourth was enriched for small B 
cells. The second and third fractions comprised cells of intermediate 
characteristics. 

Cells from the first and fourth fractions only were washed twice 
and used for further tests. Cells from twelve B-CLL patients were 
also studied. Peripheral bload samples from B-CLL patients were 
obtained after informed censent. The diagnosis of B-CLL was 
established by clinical, morphologic, and immunological criteria. 
MNC suspensions were depleted of cells forming E rosettes, as 
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above, and treated with the OKMI monoclonal antibody and 
complement. 

Cell surface marker analysis. Cells with receptors for sheep 
erythrocytes or surface immunoglobulin (sig) were detected as 
previously reported." The murine monoclonal antibodies used in this 
study were the pan-T reagent, OKT3 (Ortho Pharmaceutical); the B 
cell specific antibody, B1 (Coulter Electronics); the natural killer 
(NK) cell specific reagent, Leu 11 (Becton Dickinson, Sunnyvale, 
CA); and the anti-monocyte-macrophage, OKM1 (Ortho Pharma- 
ceutical), which also stains NK cells. The anti-Tac monoclonal 
antibody that identifies IL-2 receptors’? was kindly provided by Dr 
T. Waldman. The anti-HLA-DR monoclonal PTF 29/12” was 
kindly donated by Dr G. Damiani. All of the above reagents were 
used in indirect immunofluorescence with a fluorescein-isothiocya- 
nate (F/TC)-conjugated goat F(ab’), antimouse immunoglobulin. 
Wet cel! preparations were examined with a Leitz-Orthoplan fluo- 
rescence microscope. The percent of positive cells was calculated on 
at least 200 cells per preparation. 

Cell cultures. Cell suspensions enriched for T cells, monocytes, 
or B cells were cultured for 48 hours at the concentration of | x 
10°/mL in RPMI-1640 (Gibco, Grand Island, NY) supplemented 
with 10% fetal calf serum (Gibco) (RPMI-FCS) or, alternatively, 
with 2% endotoxin-free human albumin (ISM, Milano, Italy). 

In some experiments, small resting B cells were cultured for 48 
hours at a concentration of 1 x 10° in RPMI-FCS, with killed 
Staphviococcus aureus of the | Cowan strain (SAC), kindly donated 
by Dr $. Romagnani.’” In some experiments, B-cell supernatants 
were absorbed onto Concanavalin A (Con A) bound to Sepharose 
beads (Sepharose~Con A) (Pharmacia, Uppsala, Sweden) or on 
human albumin coupled to Sepharose beads. Three mL of superna- 
tants were admixed with 150 uL of Sepharose beads and incubated 
for six hours at room temperature in a rotating mixer apparatus. 
Beads were subsequently removed by centrifugation. All of the 
supernatants from the above cultures were harvested following 
centrifugation, filtered, and stored at — 20°C until tested. 

CSA assay. The | x 10° bone marrow cells or 2 x 10° peripheral 
blood MNC, isolated on F-H density gradients and depleted of both 
adherert cells and E rosetting cells, as above, were used as targets for 
the assay. Cells were resuspended in a final volume of 1 mL of a 
mixture containing a-medium (Gibco) 10% heat-inactivated FCS 
and 0.3% agar and supplemented with non-essential amino acids, 
L-glutamine, and sodium pyruvate.” Test supernatants were 
included in the culture medium at the final concentration of 10%. 
Control plates contained the conditioned medium from the GCT cell 
line” (Gibco) as a source of CSA. Cultures were incubated in 95% 
air and 5% CO, at 37°C and scored for colonies after 14 days. On a 
few oceasions, seven-day colonies formed by bone marrow cell 
suspensions were also counted. A colony was defined as an aggregate 
of more than 50 cells. 

In seme experiments, B-cell supernatants were tested for the 
ability to support myeloid colony formation by murine bone marrow 
cells (from the Balb/c mouse strain) collected from individual 
femora! shafts by flushing the marrow cavity. Cells were subse- 
quently isolated on F-H density gradients, washed, and cultured in 
agar. 

Cell types within colonies were identified by morphological and 
cytochemical criteria. Each dish was washed twice, with Hanks’ 
balanced salt solution (HBSS). Agar was subsequently removed by 
floating in distilled water and was dried onto glass slides under filter 
paper.” Dried cultures were fixed with acetone-methanol fixative 
(60% acetone, 10% methanol, 30 mmol/L sodium citrate, pH 7.4) 
and stained with Giemsa for morphological examination. Slides were 
also stained for napthol-ASD-chloroacetate esterase to detect cells 
of the granulocyte lineage,” and for alpha-naphthyl-acid esterase to 
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identify monocytes/macrophages.” Eosinophil colonies were recog- 
nized by bright intracytoplasmic green staining with Luxoi fast blue 
(LFB). All of the cytochemical staining was carried out according 
to published methods.**?° 
Molecular weight determination of the B cell-derived CSA. 

(NH,),SO, was added to 80 mL of normal tonsil B cell culture 
supernatant at a final concentration of 75%. The precipitate was 
centrifuged, resuspended in phosphate-buffered saline (PBS) con- 
taining 50 ug/mL gentamicin, and was dialyzed extensively against 
the same buffer. Aliquots of 3 mL were then filtered on a 
2.6-x-100 Sephadex G-75 Superfine column (Pharmacia, Uppsala, 
Sweden) equilibrated with PBS and calibrated with the following 
markers: aldolase (158,000 mw), human serum albumin (69,000 
mw), Ig light chains (23,000 mw), and cytochrome ¢ (12,300 mw). A 
flow rate of 10 mL/hr was used, and 2-mL fractions were collected. 
Aliquots of the fractions were concentrated, filtered on a 0.22-um 
filter, and assayed for CSA. 


RESULTS 


CSA production by normal B cells. Normal B cells 
purified from peripheral blood or tonsils were cultured for 48 
hours. The supernatants were subsequently tested for CSA 
and found to contain CSA in amounts comparable to those of 
the GCT-conditioned medium used as a positive control 
(Table 1). These supernatants were active on both bone 
marrow and peripheral blood target cells (Table 1). Since 
peripheral blood represented a more convenient source of 
hemopoietic precursors, most of the subsequent experiments 
were carried out on peripheral blood cells. 

B cells released CSA in the absence of any apparent 
stimulus. However, culture media were supplemented with 
FCS and the possibility existed that endotoxin present as 
contaminant of FCS could provide the appropriate stimulus. 
This possibility was made unlikely by the following observa- 
tions: (a) the batch of FCS used had a very low endotoxin 
content, as assessed by the Limulus assay; and (b) B cells 
cultured in medium containing 2% endotoxin-free human 
serum albumin in the place of FCS retained the ability of 
producing CSA (Table 1). 

A final possibility was that B cells were activated to 
release CSA by the separation procedure that was making 
use of the B} monoclonal antibody. However, (a) both 
positively (B1*) and negatively (E-OKM1") selected B cells 
could produce CSA in culture, and (b) in control experi- 
ments, no proliferation (as assessed by *H-thymidine incor- 
poration) was detected when B cells were stimulated with the 
BI monoclonal antibody. 

Colonies formed by peripheral blood precursors after 14 
days in culture were examined by both Giemsa and cyto- 
chemical staining, with approximately 70% to 80% being 
formed exclusively by monocytes/macrophages. The 
remaining colonies were of the mixed type and contained 
both neutrophils and macrophages (15% to 20%), while 
eosinophilic colonies represented a minor component (5% to 
10%). Comparable results were obtained when B cell super- 
natants were tested on bone marrow cell suspensions and 
seven-day colonies were examined, with the exception that 
the number of mixed colonies was higher (50%). In parallel 
experiments B-cell culture supernatants were tested on both 
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Table 1. CSF Activity in B Cell Culture Supernatants 





Colonies Formed by 


Colonies Formed by 











Peripheral Blood Bone Marrow Celts 
Cells (2 x 10°) (4 x 105) 
Supernatants Exp. itt Exp. 2+4§ Exp. 3 tt! Exp. 4t¢§ Exp. 5+ 4]! 
Peripheral blood B celis* 23 +2 3144 19 +3 125 + 10 69 +5 
Tonsil B cells* 19 +2 27 + 24 +2 133 + 12 T343 
GCT cell line* 26 +3 30 + 29+3 150 + 15 82+7 
Medium (control) 0 3+ 2+1 12 +2 7i 








*Tested at a final concentration of 10%. 

tResults are mean values + SE from triplicate cultures. 

tColonies were counted after 14 days. 

§CSA produced by 1 x 10° celis cultured for 48 hours in RPMI-FCS. 


I CSA produced by 1 x 10° celts cultured for 48 hours in RPMI supplemented with 2% human serum albumin. 


human and murine bone marrow cells. A higher number of 
colonies was consistently obtained in the human assay, as 
assessed by counting the colonies at both seven and 14 days 
(data not shown). 

The purity of the B-cell suspensions isolated from periph- 
eral blood or tonsils was tested by surface marker analysis. 
These suspensions were comprised almost exclusively of B 
cells, as shown in Table 2, with minor contaminants of 
monocytes or of T cells. 

Additional control experiments were carried out to deter- 
mine whether contaminant T cells or monocytes were respon- 
sible for CSA production. Purified T cells and monocytes 
were cultured alone or in combination, with or without 
phytohemagglutinin (PHA). and their supernatants were 
subsequently tested for CSA (Fig 1). 

Unstimulated T cells, cultured with or without monocytes, 
did not release CSA (Fig 1A). When stimulated with PHA, 
the mixture of T cells and monocytes as well as the T cells 
alone produced CSA (Fig 1B). However, treatment of puri- 
fied T cells with an anti- HLA-DR monoclonal antibody and 
complement, which eliminated the few contaminant mono- 
cytes, virtually abrogated CSA production (Fig 1B). Mono- 
cytes alone never released CSA (Figs 1A and 1B). These 
findings indicate that under the experimental conditions used 


Table 2. Surface Markers of Purified B Celis 





% Positive Celis* 








Surface 

Marker Peripheral Blood+ Tonsilt B-CLLt 
slg 95 +4 97 +4 ND§ 
B1 96 + 3] 97 +5 95 +3 
HLA-DR 98 + 2 96 +4 96+4 
OKT3 <1 <1 el 
OKM1 it <1 <4 
Leu 11 <1 <i <1 








*Mean + SE from three different experiments. 

tB cells were isolated from peripheral blood MNC by indirect rosetting 
according to the expression of B1 antigen (see Materials and Methods). 

{Normal tonsil B cells and B-CLL B cells were obtained by depletion of 
E rosetting cells followed by treatment with the OKM1 monoclonal 
antibody and complement (see Materials and Methods). 

§Not done. 

i Detected by rosetting during the separation procedure. 


T cells and monocytes had to interact in order to release 
CSA; furthermore, they had to be stimulated with PHA. 
Taken together, all of these data argue against the possibility 
that in unstimulated, purified B-cell suspensions CSA was 
produced by contaminant monocytes or T cells. 

Supernatants from B cells purified from two tonsil cell 
suspensions were ammonium sulphate~precipitated and gel- 
filtered over a G-75 column. CSA eluted in a single peak 
with an apparent mw of 65 to 70 kd (Fig 2). 

Aliquots of the same supernatants were absorbed onto 
Sepharose-bound Con A or Sepharose-bound human albu- 
min (control). Treatment with Con-A reduced the capacity 
of B-cell supernatants to support myeloid colony formation 
by 50% to 60%, whereas treatment with albumin caused a 
10% reduction of colony growth. These findings suggest the 
glycoprotein nature of the B-cel! derived substance(s) 
responsible for CSA. 

CSA is released predominantly by activated B cells. 
The experiments reported above could be interpreted as 
indicating that unstimulated B cells release CSA sponta- 
neously. The alternative hypothesis was that the B cell 
suspensions used contained a number of B cells already 
activated in vivo. These cells could continue to release CSA 
once placed in culture. These possibilities were investigated 
by fractionating tonsil B cells on a Percoll density gradient. 
Of the four cell fractions so obtained, only the first and 
fourth were used for further experiments. 

Low-density B cells from the first fraction were large and 
were enriched for activated cells, as shown by the proportion 
of cells that expressed IL-2 receptors detected by the anti- 
Tac monoclonal antibody’? (23 + Tac* cells, mean + 
SE from three experiments). Furthermore, the 24-hour cul- 
ture supernatants of these B cells consistently contained kigh 
amounts of Ig (1 to 10 wg/10® cells as detected by an 
enzyme-linked immunoabsorbent assay). These Ig were syn- 
thesized and secreted in the apparent absence of stimuli. 

In contrast, high-density B cells from the fourth fraction 
were small, did not express IL-2 receptors, and failed to 
produce Ig in short-term cultures. These data indicate the 
resting nature of this particular cell fraction, as opposed to 
the activated state of large B cells. 

Low-density and high-density B cells were compared for 
their ability to produce CSA in vitro in the absence of 
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Fig 1. CSA production by T 
celis and monocytes, cultured 
alone or in combination. T celis 
and monocytes, recovered fol- 
lowing adherence {90 + 5 
OKM1* celis}, were cultured 


HLA-DR T CELLS 


ee 











for 48 hours in the absence (A) MONOCYTES 
or in the presence (B) of PHA, 
alone {1 x 10° cells/mL) or in 
combination (1 x 10° T cells T CELLS + 
with 3 x 10° monocytes). Cul- MONOCYTES 
ture supernatants were tested 
for CSF activity on peripheral GCT CONDITIONED 
blood MNC depleted of both E 
MEDIUM 


resetting cells and adherent 





cells. Results are mean + SE of 
triplicate cultures/2 x 10° cells 
seeded. 


exogenous stimuli. Figure 3 shows that CSA was released 
predominantly by low density, activated B cells. In order to 
confirm a correlation between CSA release and B-cell activa- 
tion, lymphocytes from the fourth Percoll fraction (small B 
cells) were cultured with and without SAC for 48 hours. 
CSA was detected only in culture supernatants of SAC- 
stimulated B cells (Fig 4). 

B cells from B-CLL patients release CSA in vitro. B 
cells from twelve B-CLL patients were tested for CSA 
production. B cells were isolated from peripheral blood 
MNC by removal of E rosetting cells followed by treatment 
with the OKM1 monoclonal antibody and complement. This 





10 20 30 40 so 


CSF ACTIVITY (COLONIES/2*10* CELLS) 


method yielded cell preparations containing almost exclu- 
sively B cells (Table 2). 

B cells from nine cases consistently produced CSA in 
unstimulated cultures when tested on different occasions, 
whereas cells from the remaining cases proved consistently 
negative for CSA production. 

Figure 5 shows one determination per case tested and 
demonstrates variations in the amount of CSA produced by 
the various cases. 

CSA from B-CLL cells induced the growth of two types of 
colonies, ie, colonies that comprised monocytes-macrophages 
exclusively and colonies that contained neutrophils and 
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Fig 2. Elution pattern of CSF activity produced by 
normal B cells. Culture supernatants were ammonium 
sulphate-precipitated and filtered on a Sephadex G- 
75 column: fractions were collected and aliquots of 
EFFLUENT VOLUME (mi) each fraction were assayed for CSF activity. 
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Fig 3. CSA production by 
small and large tonsil B cells. 
Purified tonsil B celis were 
fractionated on a Percoll den- 
sity gradient. Large and small B SMALL B CELLS 
cells were cultured for 48 
hours in RPMI-FCS; their su- 
pernatants were tested using 
peripheral blood target cells. 
Results are mean + SE of tripli- 
cate cultures/2 x 10° cells 13 30 40 $0 


seeded. CSF ACTIVITY (COLONIES /2x10°CELLS) 





exp a ops 














SMALL B CELLS 





(SAC STIMULATED) __ 


4+—~ 025 


Fig 4. CSA production by 
smali tonsil B cells stimulated 
with SAC. Small, resting B cells 
were cultured for 48 hours in 
the presence or in the absence 
of SAC. Culture supernatants 
were subsequently tested on 
peripheral blood target calls. 

$ aei Results are mean + SE of tripli- 
to 20 30 40 50 cate cultures/2 x 10° cells 


CSF ACTIVITY (COLONIES /2x10°CELLS) seeded. 


SMALL B CELLS 





(CONTROL) 
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PATIENT 


Fig 5. CSA production by B-CLL cells. Purified B l 
celis were cultured for 48 hours and their superna- 
tants tested on peripheral blood target cells. Resuits 
are mean + SE of triplicate cultures/2 x 10° celis J 
seeded. Supernatants from different B-CLi cell sus- 
pensions were tested on the same target. The control 
values, ie, without addition of any supernatant, were K 
4+ 1 colonies/2 x 10° celis. Therefore, any value 
below 10 colonies/2 x 10° cells was considered to 
indicate the absence of CSA production. L 


macrophages. Colonies of the former type were, however, 
predominant in 14-day cultures of peripheral blood precur- 
sors. 


DISCUSSION 


This study demonstrates that highly purified normal B 
cells release CSA in culture without apparent stimulation. 
When B cells were fractionated on Percoll density gradients, 
only large, low-density cells that expressed activation mark- 
ers were found to release CSA, thus suggesting that CSA 
production was a property of in vivo preactivated B cells. 
Since activation of B cells in vivo requires exposure to 
antigen, an intriguing implication of these results would be 
that CSA release is under the control of specific (antigen- 
driven) recognition mechanisms. In this respect the mode of 
CSA production by B cells would not differ from that of T 
cells, which also need to be stimulated. T cells require the 
additional help of accessory cells,”*”* which present the 
antigen” and supply IL-1.°° Consistent with the notion that 
activated B cells produce CSA is the finding that stimulation 
of resting B cells with SAC induced CSA production. Upon 
infection with Epstein-Barr virus (EBV) normal B cells 
release different hemopoietic factors, including CSA”. 
There is ample evidence that EBV-infected cells are in a 
state of activation”; therefore, our findings agree with these 
data. 

The low number of monocytes and T cells that contami- 
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nated the B-cell suspensions makes it unlikely that they were 
responsible for CSA production in our experimental system. 
This hypothesis is also ruled out by additional control 
experiments. Thus, when monocytes and T cells were tested, 
CSA was detected only in the supernatants of cultures that 
contained mixtures of T cells and monocytes. Furthermore, 
these cells failed to release CSA spontaneously and had to be 
stimulated with PHA. 

Purified B cells from nine out of 12 B-CLL patients 
consistently produced CSA in vitro in the absence of any 
stimulus. Recent studies have demonstrated that, in the 
individual B-CLL clones, there are a number of matur- 
ing, ™™ possibly activated? cells, the proportion of which 
varies from case to case. One explanation for the differences 
in CSA production by cells from the various patients may be 
related to the different content in the number of activated B 
cells within each malignant clone. In the individual cases, 
however, no relationship could be established between CSA 
release and other features, such as lymphocyte count, treat- 
ment, and stage of disease. 

The available data do not permit assessment of the type of 
CSF produced by B cells. Although the apparent mw of 
B-cell derived CSA (65 to 70 kd) is similar to that reported 
for CSF-1,° other features argue against this possibility. For 
example, unlike CSF-1, CSA released by B cells supports the 
growth of both macrophage and mixed colonies and is much 
more effective on human than on mouse bone marrow cells. 
Furthermore, the biochemical characterization should be 
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considered as preliminary; therefore, comparisons are not 
possible on these grounds. 

B-cell supernatants were tested for CSA mainly on periph- 
eral blood target cells largely depleted of T cells and mono- 
cytes. The experimental system used suggests two interpreta- 
tions for the data, namely, (a) B cells could release a factor 
acting directly on myeloid precursors, ie, a bona fide CSF, or 
(b) B cells could release a factor that triggers other accessory 
cells present in the suspensions to produce CSF. For exam- 
ple, some of the remaining monocytes or the large granular 
lymphocytes could be good candidates for this accessory 
function. In this connection it is worth mentioning that 
monocyte-derived soluble factors stimulate CSA release by 
endothelial cells." 

Besides promoting proliferation and maturation of 
myeloid progenitors, CSFs also exert a regulatory activity on 
some effector functions of fully differentiated myeloid cells. 
CSFs potentiate the cytotoxic capacity of macrophages”? 
and of granulocytes,*’ induce macrophage proliferation,’ and 
promote release of prostaglandins,” plasminogen activator,” 
and of IL-1.° By demonstrating the release of CSA by B cells, 
our results suggest that B cells may play a role in promoting 
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hematopoiesis and in the initiation of the inflammatory 
process. The latter hypothesis is also in line with the previous 
findings that both normal'*® and malignant" B cells release 
IL-1, a potent mediator of the inflammatory and of the acute 
phase responses. IL-1 and CSF activities found in B-cell 
conditioned media are apparently mediated by different 
molecules, separated on the basis of their mw (IL-1 mw = 20 
to 22 kd! CSF mw = 65 to 70 kd). Interestingly, however, 
B-CLL cells, when capable of releasing CSA, also produce 
IL-1 (Pistoia et al, unpublished results), suggesting, perhaps, 
that the two factors are often needed synergistically. 
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Immunoradiometric Quantitation of Tissue Plasminogen Activator—Related 
Antigen in Human Plasma: Crypticity Phenomenon 
and Relationship to Plasma Fibrinolysis 


By Tze-Chein Wun and Anne Capuano 


A two-site immunoradiometric assay for tissue plasmin- 
ogen activator (tPA) antigen has been developed using 
immunoaffinity purified antibody. Various treatments 
enhanced the detection of tPA antigen in the plasma 
samples. Maximum detection was obtained by acidification 
of plasma to pH 4.8 to 6.5 or addition of 0.5 mol/L of 
L-lysine or L-arginine. Acidification or addition of lysine to 
plasma is also required for maximum immunoadsorption of 
plasma tPA antigen on anti-tPA-lg-sepharose. These 
results indicate that plasma tPA antigen is partially cryptic 
to antibody in untreated plasma. The plasma tPA antigen 
isolated by immunoadsorption of either untreated plasma 
or acidified plasma on anti-tPA-lg-sepharose consists 
mainly of a 100-kd plasminogen activator species as deter- 
mined by fibrin-agar zymography. The 100-kd activity is 


UMAN PLASMA contains a plasmin-dependent fibri- 
nolytic system. Initiation of the system involves plas- 
minogen activator-catalyzed conversion of plasminogen into 
plasmin, which in turn degrades fibrin into soluble degrada- 
tion products (for review, see references | and 2). 

Although several plasma proteins, including tissue type 
plasminogen activator (tPA),? urokinase (uPA).** and factor 
XI /kallikrein® have been shown to be capable of activating 
plasminogen, more recent results indicate that tPA may be 
the primary initiator of fibrinolysis in the plasma milieu. 
These results include: (a) Spontaneous fibrinolysis in human 
plasma in vitro is solely dependent on tPA but not on uPA or 
factor XH /kallikrein’; (b) plasma fibrinolysis is highly cor- 
related with the tPA concentration within the known physio- 
logical range of tPA’; (c) tPA possesses high affinity for 
fibrin, and its activity is greatly potentiated by fibrin;®” and 
tPA is capable of eliciting plasma fibrinolysis without sys- 
temic activation of plasminogen in the serum.'° 

The tPA antigen concentration in plasma is very low, in 
the nanogram/milliliter range, and most of the antigen 
appears to be complexed to a plasma inhibitor.’ For these 
reasons, immunoassays appear to be more suitable for mea- 
suring total tPA content of plasma. In developing an immu- 
noradiometric assay for tPA, we observed that plasma tPA 
appeared to be partially cryptic and subsequently discovered 
simple ways to overcome this problem. An assay method has 
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possibly a tPA:inhibitor complex. A standardized sample 
preparation method was conveniently adopted by mixing 3 
vol of plasma and 1 vol of 2 mol/L of L-lysine for the assay. 
Reconstitution and recovery studies showed that the 
method is specific and permits full detection of both free 
tPA and tPA:inhibitor complex. The validity of the assay is 
further supported by the finding that the spontaneous 
plasma fibrinolysis previously demonstrated to be depen- 
dent on plasma tPA antigen is correlated with tPA antigen 
content. Using the standardized assay, we found that tPA 
antigen concentrations in 16 blood bank plasmas are equiv- 
alent to 3.7 to 20 ng of 60 kd tPA/mL. In all the plasma 
tested, more than half of the antigen is undetected unless 
the plasma is treated as described above. 

©1987 by Grune & Stratton, Inc. 


been devised to allow full detection of plasma tPA antigen. 
Furthermore, we found that the tPA content determined by 
this assay correlates well with the spontaneous fibrinolytic 
activity of a series of randomly selected plasma samples, 
suggesting that quantitation of plasma tPA is a useful 
measure of in vitro fibrinolytic potential. 


MATERIALS AND METHODS 


IPA and tPA antiserum. Purified tPA was isolated from the 
media of HeLa cells conditioned in 10 ng/mL of 12-0-tetradeca- 
noyl-phorbol-13-acetate, 0.2% lactalbumin hydrolysate, and 50 kal- 
likrein inhibitor U/mL of aprotinin in Dulbecco's modified Eagle's 
medium (DMEM) by one-step affinity purification on an Erythrina 
latissima inhibitor-Sepharose 4B column.” The purified HeLa tPA 
is indistinguishable from tPA isolated from melanoma cell cultures 
by biochemical and immunological criteria’ and consists mainly of 
single-chain form. Antiserum against tPA was obtained by immu- 
nizing rabbits with 100 ug of purified HeLa tPA in Freund's 
complete adjuvant and boosting them each month thereafter with 
50 ug of the same protein in incomplete adjuvant. 

Miscellaneous. The 96-well polyvinyl microtiter plate was 
obtained from Dynatech, Alexandria, VA; bovine y globulin and 
serum albumin were obtained from Miles Laboratories, IN; chlo- 
ramine T, EDTA, benzamidine, L-arginine, L-lysine, 6-aminohexa- 
noic acid (EACA), poly-L-arginine, poly-L-lysine, Tween 80, and 
human thrombin (3,000 NIH U/mg) were from Sigma, St Louis; 
"51sodium iodide was from Amersham, Arlington Heights, IL; 
Sephadex G25 and CNBr-activated sepharose 4B were from Phar- 
macia, Piscataway, NJ; human fibrinogen (Kabi, grade L) was from 
Helena Laboratories, Beaumont, TX; fresh blood bank plasma was 
obtained from New York Blood Center; porcine heparin (162 
U/mg) was from Calbiochem, La Jolla, CA. 

Plasma. Fresh, platelet-rich plasma (PRP), obtained from the 
New York Blood Center, was centrifuged at 3,300 g for 10 minutes 
at 4°C to separate the platelets. The supernatant was further 
centrifuged at 16,300 g for | hour at 4°C to obtain platelet-free 
plasma (PFP). The PFP was then aliquoted and stored at --65°C. 
Individual blood samples were obtained from apparently healthy 
volunteers with or without venous occlusion. Prevenous occlusion 
blood samples were obtained by venipuncture with minimum hand- 
cuff after the donors rested in a sitting position for at least 5 minutes. 
Postvenous occlusion bloods were obtained by inflating a sphyg- 
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momanometer around the right arm to halfway between systolic and 
diastolic pressure for 5 minutes, and taking the blood before 
deflating the cuff. Nine-milliliter samples of blood were collected 
into 1 mL of 3.8% sodium citrate on ice. The blood was centrifuged 
at 350 g for 10 minutes to obtain PRP. The latter was further 
centrifuged in an Eppendorf microfuge for 5 minutes at 4°C to 
obtain PFP and stored at ~ 65°C. In this study, pooled plasma was 
prepared by mixing equal volumes of individual plasma from four to 
eight persons. 

Purification of antibody against tPA. Specific antibody against 
tPA was isolated from antiserum by immunoaffinity chromatogra- 
phy on a tPA-Sepharose 4B column as described previously.” 

Jodination of anti-tPA-Ig. Specific antibody against tPA was 
iodinated by a gentle chloramine T method. Fifty microliters of 
anti-tPA-ig (1.74 mg/mL in 0.15 mol/L of NaCl) was mixed with 
25 wl. 0.8 mol/L of NaPO, pH 7.4, 35 uL of 0.093 mg/mL of 
chloramine T (~20-fold molar excess over antibody), and 5 uL of 
100 mCi/mL of '*I-sodium iodide. The mixture was kept on ice for 
30 minutes and then chromatographed on a 3-mL Sephadex G-25 
(fine) column equilibrated in phosphate-buffered saline (PBS)- 
0.02% NaN,. The method gives specific radioactivity of ~3.5 x 10° 
cmp/ng of protein. 

Sandwich immunoradiometric assay for tPA antigen. Sand- 
wich immamoradiometric assay (IRMA) was carried out in 96-well 
flexible piastic plates. A 2 ng/mL solution of anti-tPA-lg was 
freshly prepared in PBS. Two hundred microliters of the solution 
was distributed into the wells and allowed to stand at room tempera- 
ture for 3 hours. The solutions in the wells were removed by suction 
and were replaced with 300 uL of PBB solution [PBS containing $ 
mg/mL of bovine serum albumin (BSA) and 2.5 mg/mL of bovine y 
globulin]. These were allowed to stand at room temperature for at 
least 3 hours. The wells were then washed three times with PBS 
containing 0.1% Tween 80 and three times with PBS. For IRMA, 
undiluted citrated plasma or plasma diluted 3:1 either with water or 
with 2 mol/L of lysine were pipetted into the wells. Reference 
standard solutions containing 0, 1, 2, 4, 8, and 16 ng/mL of tPA 
were prepared in PBB. The samples and standards (200 nL) were 
incubated in the wells at 4°C for 24 hours. The wells were then 
washed three times with a solution containing 0.1 mol/L of boric 
acid, 25 mmol/L of solium-borate, 1 mol/L of NaCl and 0.1% 
Tween-80 pH 8.3; three times with PBS-0.1% Tween-80 and three 
times with PBS. A '[-anti-tPA-Ig solution (diluted into PBB), 
containing 100,000 cpm/0.2 mL. were added to the wells and 
incubated at 4°C overnight. The wells were then washed as before 
and cut out, The radioactivity bound to the wells was counted in a 
Packard scintillation counter. The IRMA values of duplicated 
samples were obtained by comparison with: the reference standards. 
Each value represents the average and SE of the measurements. 

Quantitation of purified tPA. Purified HeLa cell tPA was 
quantitated by amino acid analysis based on the amino acid composi- 
tion deduced from the DNA sequence for tPA” as described 
elsewhere.’ 

Isolation of plasma tPA antigen. Freshly frozen plasma (100 
mL) was thawed in a 37°C water bath and incubated at room 
temperature for >3 hours to ensure formation of tPA-inhibitor 
complex. The plasma was titrated to pH 6 with | N HCI and passed 
through a 3-mL anti-tPA-Ig Sepharose 4B column (prewashed with 
0.15 mol/L of NaCl). The column was then washed with 30 mL of 
PBS supplemented with 0.4 mol/L of NaCl, 0.1 mol/L of benzamid- 
ine, and 1% Triton X-100 and then with 30 mL of the same buffer 
without Triton X-100 (Sigma, St Louis). The material bound to the 
column was eluted with 0.1 mol/L of glycine/HCI pH 2.2, concen- 
trated, and dialyzed against the same buffer using a collodion bag. 
The eluate contains essentially only 100-kd plasminogen activator 
activity as analyzed by fibrin-agar zymography.’ 
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RESULTS 


Two-site IRMA of tPA in buffer and in plasma: Effect of 
additives. When purified HeLa tPA was dissolved in PBB 
solution and used as a standard for IRMA as described in the 
experimental section, a linear relationship between the con- 
centration of tPA (0 to 16 ng/mL) and the radioactivity 
bound to the microtiter wells was observed (Fig 1). Nonlin- 
earity occurred when higher concentrations of tPA were 
used. This method has a sensitivity of ~0.5 ng/mL of tPA 
antigen. When the same IRMA protocol was carried out 
using a citrated plasma diluted 3 to | with PBB and applied 
to the wells, the plasma tPA content was equivalent to 2.7 + 
0.25 ng/mL (arrows, Fig 1). We also assayed the same 
citrated plasma supplemented with 5 mmol/L of EDTA. The 
radioactivity bound to the well showed that it was equivalent 
to 6.5 + 0.28 ng/mL. In contrast, the reference standard 
remained essentially the same when supplemented with 5 
mmol/L of EDTA. This increase in detection of tPA-related 
antigen in the EDTA-plasma over that in citrated plasma 
suggested that plasma tPA-related antigen may be masked 
by some plasma component, and compounds such as EDTA 
can to some extent unmask the tPA. Based on this assump- 
tion, we tested various compounds, most of which interact 
with the fibrinolytic and coagulation systems. Table | sum- 
marizes the comparison of the effects of L-lysine, EDTA, 
EACA, benzamidine, Tween-80, sodium acetate buffer, pH 
5.2, L-arginine, poly-L-lysine, poly-L-arginine, and heparin 
on the IRMA of tPA in four different pooled plasma 
samples. In all plasmas, 0.5 mol/L of L-lysine invariably 
gave the highest IRMA values and acidifications of plasma 
to pH 5.2 or addition of 0.5 mol/L of L-arginine yielded the 
same result. 

Effect of L-lysine and acidification on the binding of 
plasma tPA antigen to anti-tPA-Ig. To characterize the 
masking phenomenon in more detail, we selected L-lysine 
and acidification for further study. Figure 2 shows the effect 
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Fig1. immunoradiometric assay (IRMA) of tissue plasminogen 
activator (tPA). IRMA was carried out as described in the Materials 
and Methods section. Straight line, radioactivity bound to the 
assay wells in relation to the concentrations of tPA (in duplicate). 
Arrows, assay value of tPA antigen in an untreated pooled plasma 
sample. 
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Table 1. Effect of Various Additives on the IRMA of tPA Antigen 
in Pooled Plasma 








Samples* tPA Antigen (ng/mt)t 
Plasma A + H,O 2.7 + 0.10 
EDTA (5 mmol/L) 6.5 + 0.28 
EDTA (63 mmol/L) 7.5 + 0.57 
EACA (0.5 mmol/L) 6.7 + 0.10 
L-lysine (0.5 mmol/L) 12.3 + 1.5 
Plasma B + H,O 4.0 + 0.15 
Tween 80 (0.1%) 4.4 + 0.35 
Benzamidine {0.1 mol/L) 8.0 + 0.40 
Na acetate, pH 5.2 (0.1 mol/L) 9.0 + 0.51 
t-lysine (0.5 mol/L) 9.0 + 0.43 
Plasma C + H0 5.9 + 0.85 
L-arginine (0.5 mol/L) 14.5 + 0.28 
Poly -lysine (5 mg/mL} 12.8 + 0.28 
Poly L-arginine (5 mg/mL} 8.9 + 0.35 
t-lysine (0.5 mol/L) 14.8 + 0.21 
Plasma D + H,O 7.2 + 0.61 
Heparin (2.5 U/mL} 7.7 + 0.42 
Heparin (5 U/mL} 4.9 + 0.28 
Heparin (10 U/mL) 14.3 + 1.2 
Heparin (20 U/mL) 12.04 1.1 
Heparin (50 U/mL) 7.3 + 0.62 
t-lysine (0.5 mol/L) 20.0 + 0.50 


IRMA, immunoradiometric assay: tPA, tissue plasminogen activator; 
PBB, phosphate-buffered saline containing bovine y globulin (2.5 mg/ 
mL) and bovine serum albumin (5 mg/mL). 

*Samples were prepared by mixing 3 vol of citrated plasma with 1 vol 
of H,0 or solutions of various compounds., The final concentrations of the 
compounds are as indicated. 

tIRMA values of tPA antigen concentrations were obtained by 
comparison to tPA standards dissolved in PBB. All values have been 
corrected for dilution. 


of various concentrations of L-lysine on the amount of plasma 
tPA antigen detected in the IRMA in comparison with the 
standard tPA dissolved in PBB. In this particular plasma, the 
amount of plasma tPA detected in the presence of 0.5 mol/L 
of L-lysine was 250% of that detected in the absence of 
L-lysine. In contrast, L-lysine has almost no effect on the 
IRMA value for standard tPA dissolved in PBB. Thus, more 





50 100 150 200 250 500 
(L-LYSINE}mM 


Fig 2. Effect of L-lysine on the immunoradiometric assay 
(IRMA) of tissue plasminogen activator (tPA). A pooled plasma 
was diluted 3 to 1 with H,O or i-lysine such that the final 
concentration of lysine in the mixture was as indicated in the 
graph. The concentrations of tPA antigen were obtained by 
comparison with standard tPA dissolved in phosphate-buffered 
saline containing bovine Y globulin (2.5 mg/mL) and bovine serum 
albumin (5 mg/mL). 
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than half of tPA antigen was undetectable by IRMA of the 
plasma samples. The effect of pH on the IRMA of tPA in 
plasma is shown in Fig 3. Maximum values were obtained 
throughout pH 4.8 to 6.7. Above pH 6.7 there was a sharp 
decline in the value. Because the IRMA value is related to 
the binding of tPA antigen to the antibody-coated surface, 
we also tested the effects of acidification and L-lysine on the 
binding of plasma tPA to our anti-tPA-Ig-Sepharose 4B 
column. Table 2 summarizes the result of passage of plasma 
over an anti-tPA-Ig-Sepharose 4B column under various 
conditions. One time passage of an untreated plasma over 
anti-tPA-Ig-Sepharose 4B results in the reduction of plasma 
tPA content to 57%. A second passage of the plasma through 
the same column results in only a small decrease in tPA 
content to 44%. By acidifying the flow-through plasma and 
passing it through the column again, essentially all the 
tPA-related antigen is depleted; only 2% remains. When a 
separate, untreated plasma was made 0.5 mol/L of L-lysine 
and passed through the anti-tPA-Ig-Sepharase once, the tPA 
content was reduced to 7% of the original plasma sample. 
These results indicate that part of the plasma tPA antigen is 
not accessible for binding by the antibody against tPA and 
that crypticity of plasma tPA antigen with regard to the 
antibody is possibly due to the masking of tPA antigen by 
other plasma components. 

Identification of plasma tPA-related antigens. The 
above experiments suggest that two pools of plasma tPA- 
related antigen exist, one accessible to anti-tPA-Ig and one 
not. To discover whether these two pools of tPA antigen 
represent different molecular species, we made a zymo- 
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Fig 3. Effect of plasma pH on immunoradiometric assay 
(IRMA) of tissue plasminogen activator (tPA). Pooled citrated 
plasma was diluted with 1/8 voi of 1 mol/L of sodium acetate, pH 
3.5 to 8.0 such that the final pH of the mixtures ranged from. 4.8 to 
8.0. The concentrations of tPA antigen were obtained by compari- 
son with standard tPA dissolved in phosphate-buffered saline 
containing Y globulin (2.5 mg/mL) and bovine serum albumin (5 
mg/mL) (PBB) (in duplicate). tPA antigen concentration in plasma 
diluted with H,O in the same volume ratio (@) (final pH 7.75). Value 
of tPA antigen concentration in plasma diluted with L-lysine (final 
concentration 0.5 mol/L, pH 7.2} (A); value of tPA antigen concen- 
tration in plasma diluted with % vol of 0.4 mol/L of HCI (final pH 
4.95) (i). 
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Table 2. Effect of Acidification and Addition of L-Lysine on the 
Binding of Plasma tPA to Anti-tPA-ig-Sepharose 4B 


tPA Antigen 
(ng/mL) 
12.4 + 0.07 100 


Samples* % tPA 





1. Plasma, before passing anti-tPA- 
\g-Sepharose 
. Flow-through from passage of 
plasma (1) through anti-tPA-Ig- 
Sepharose 
3. Flow-through from passage of 5.2 + 0.28 44 
flow-through (2) through anti-tPA- 
ig-Sepharose a second time 
4. Flow-through (3) titrated to pH 6, 
then passed through anti-tPA-ig- 
Sepharose 
5. Flow-through from passage of 0.87 + 0.09 7 
plasma adjusted to 0.5 mol/L of 
L-lysine through anti-tPA-ig- 
Sepharose 


Abbreviations as in Table 1. 

*Chromatography was carried out on a 0.6 x 3 cm anti-tPA-Ig 
Sepharose 4B column at room temperature. The flow rate was ~0.4 
mL/min in all runs. 


N 


7.0 + 0.14 57 


0.27 + 0.02 2 


graphic comparison. The eluate obtained from anti-tPA- 
IG-Sepharose chromotography of untreated plasma repre- 
sented tPA antigen that was freely accessible to antibody. 
The efluent, containing the cryptic tPA-related antigen, was 
acidified and rechromatographed. The tPA-related antigen 
was completely bound this time and, upon elution, consti- 
tuted the cryptic tPA antigen. Figure 4 shows that no 
detectable difference existed between the two. Both con- 
tained mainly a plasminogen activator with a mol wt of 100 
kd. As we demonstrated previously,’ the 100-kd species 
appears to be a complex formed by the 60-kd tPA with a 
plasma inhibitor. 

A staadardized IRMA for quantitating plasma IPA- 
related antigen. Although addition of 0.5 mol/L of L-lysine 
appears to give the highest value of tPA antigen by IRMA, a 
recovery study was required to ascertain that this treatment 
of plasma does indeed reveal the full amount of tPA. To 
examine recovery, we carried out experiments to compare 
IRMA values for purified 60-kd tPA and partially purified 
plasma tPA antigen (obtained as described in the Materials 
and Methods section) reconstituted into PBB buffer or 
tPA-depleted plasma. Table 3 summarizes the results. When 
the same amount of partially purified plasma tPA antigen 
was reconstituted into the same volume of PBB or plasma, 
the IRMA values of plasma were only about one-half that in 
PBB, indicating that part of the added plasma tPA antigen 
was masked by plasma. Addition of 0.5 mol/L of L-lysine to 
the reconstituted plasma gave essentially the same value as 
that in PBB buffer. When the same amount of HeLa 60-kd 
tPA was reconstituted into the same volume of PBB or 
plasma, the IRMA value in plasma was also less than that in 
PBB, although masking appeared not to be as extensive as 
that for the plasma tPA antigen. Addition of 0.5 mol/L of 
L-lysine to the plasma again allowed detection of the full 
amount of tPA antigen. These results indicate that 0.5 
mol/L L-lysine fully unmasked both tPA and plasma tPA:in- 
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Fig 4. Zymography of plasma tissue plasminogen activator 
(tPA) antigen bound to anti-tPA-lg-Sepharose 4B under neutral 
and acidic conditions. A freshly frozen citrated pooled plasma was 
thawed, incubated at room temperature for 5 hours and passed 
twice through an anti-tPA-lg-Sepharose 4B column (3 mL) pre- 
equilibrated in 0.15 mol/L NaCl, 0.02% NaN,. The column was 
washed with 30 mL of phosphate-buffered saline (PBS), 0.4 mol/L 
of NaCl, 0.1 mol/L of benzamidine, 1% Triton X-100 and 30 mL of 
the same buffer without Triton X-100. The tPA bound to the 
column was eluted in 6 mL of 3 mol/L of NaSCN. The eluate was 
supplemented with 1 mg bovine serum albumin (BSA) and 1 ul of 
Tween 80; concentrated to 1 mL, and dialyzed against 50 mmol/L 
of Na-acetate, pH 3.5 (eluate 1). The plasma that flowed through 
the column was titrated with 1.5 N HCI to pH 6.0 and then passed 
through the column again. The column was washed and eluted as 
described above. The eluate was concentrated and dialyzed as 
before (eluate 2). Sodium dodecyl sulfate-polyacrylamide gel elec- 
trophoresis and zymography of the eluates were performed as 
described in the Materials and Methods section; (A) 10 uL of eluate 
1; (B) 15 uL of eluate 2. 


hibitor complex. We therefore adopted addition of | vol of 2 
mol/L of L-lysine to 3 vol of plasma as a convenient step in a 
standard IRMA for tPA antigen. Using this protocol, we 
assayed 16 individual or pooled plasmas obtained from a 
blood bank. As shown in Table 4, the plasma tPA antigen 
varied quite widely among individuals (3.7 to 20 ng/mL). 
Correlation of tPA antigen content and spontaneous fibri- 
nolysis in plasma in vitro. As we showed previously,’ 
addition of anti-tPA-Ig to human plasma causes essentially 
complete inhibition of spontaneous fibrinolysis, indicating 
that plasma tPA-related protein is required for initiation of 
fibrinolysis in the plasma in vitro and that in plasma fibrino- 
lytic activity is directly related to its tPA content. Therefore, 
we studied by IRMA the rates of spontaneous fibrinolysis in 


Table 3. IRMA for tPA Antigen in PBB Buffer and 
tPA-Depleted Plasma 














IRMA Value 
tPA Sample PBB Plasma/H,O* Plasma/.-Lysinet 
Plasma tPA antigen 21.5 11.4 + 0.85 21.3 + 0.07 
10.9 5.5 + 0.41 10.9+0 
HeLa 60-kd tPA 24.1 20.0 + 1.08 24.7 + 0.32 
12.1 9.6 + 0.45 12.8 + 0.57 


Abbreviations as in Table 1. 

*1PA antigen dissolved in a mixture of 3 vol of plasma and 1 vol of 
H,0. 

ttPA antigen dissolved in a mixture of 3 vol of plasma and 1 vol of 2 
mol/L of L-lysine. 
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Table 4. IRMA for tPA Antigen in Various Plasma 





Plasma/t-lysine Plasma/i-Lysine 





Plasma/H,0 (ng/mL)* (ng/ml) Plasma/H,O 
4.7 9.3 1.98 
2.0 4.8 2.40 
7.6 16.2 2.13 
5.2 12.0 2.31 
1.9 4.0 2.11 
2.8 7.9 2.82 
3.7 8.6 2.32 
3.2 6.8 2.13 
5.2 9.4 1.81 
1.5 4.0 2.67 
2.2 3.7 1.68 
4.9 TA 2.27 
3.0 8.6 2.87 
2.7 12.3 4.56 
5.9t 14.8 2.50 
7.2t 20.0 2.78 





Abbreviations as in Table 1. 

“IRMA values of tPA antigen measured in mixtures of 3 vol of plasma 
and 1 vol of H,O. 

tiRMA values of tPA antigen measured in mixtures of 3 vol of plasma 
and 1 vol of 2 mol/L of L-lysine. 

{Pooled plasma (from four individuals) was used. 


several different plasmas that had a diverse amount of tPA 
antigen. Figure 5A shows the time course of the lysis of 
several plasmas. When the tPA content of these plasmas was 
plotted against their rate of lysis, taken as the inverse of the 
time required for 50% lysis of the clot, 1/Ss a linear 
relationship with a correlation coefficient of r = .972 was 
found (Fig 5B). This result further substantiates the signifi- 
cance of tPA as the determining factor in initiating fibrinoly- 
sis and indicates that the measurement of tPA faithfully 
reflects the fibrinolytic potential of different plasmas in 
vitro. 


DISCUSSION 


Several tPA immunoassay systems have been de- 
seribed." A major common problem in these assays is that 
recovery is poor and the dilution curves of tPA in plasma are 
not parallel with dilution curves in buffer.'® Our data on the 
immunoradiometric assay of plasma tPA appear to corrob- 
orate these findings and suggest that the interference phe- 
nomenon is a property unique to tPA in plasma. First, tPA 
existing in serum-free cell culture media does not require 
manipulation for full detection of antigen. Second, addition 
of L-lysine or acidification does not alter the detectability of 
other antigens such as placental PA inhibitor in pregnancy 
plasma (Wun, unpublished observations). Third, the inter- 
ference is not due to the presence of rheumatoid factors as 
reported for other antigen assays’? since crypticity of 
plasma tPA is observed in all plasma samples tested. Fourth, 
the unmasking effect with L-lysine or acidification also 
occurs using an enzyme-linked immunoassay (ELISA) sys- 
tem’ obtained from American Diagnostica, indicating that 
the phenomenon is not an artifact of our specific assay 
procedure or reagents. 

Although addition of EDTA has been reported to improve 
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Fig 5. The relationship of the rate of clot lysis to the tissue 
plasminogen activator {tPA} antigen content in various plasma 
samples. {A} Time course of ciot lysis in various plasma samples. 
{B} Rates of clot lysis (1/5,,) v tPA antigen concentration in 
various plasma samples; (A and Vi plasmas from two patients 
with fiver cirrhosis; (Mf) T. W.. postocclusion plasma; (O) T. W., 
preocclusion plasma; {@) S.P, postocclusion plasma: (©) S.P. 
preocclusion plasma; (x) J. A. preocclusion plasma; {+} A. C. 
preocclusion plasma. The tPA antigen concentration in the plasma 
samples was measured by immunoradiometric assay in the pres- 
ence of 0.5 1-lysine. The correiation coefficient, y, was calculated 
as 0.972. 


the results of the immunoradiometric assay of plasma tPA, 
our results indicate that it is not as efficient in revealing the 
plasma tPA antigen as is the addition of 0.5 mol/L of lysine 
or arginine and slight acidification of plasma; neither are 
treatments with other chemicals such as EACA, Tween 80, 
polyarginine, heparin, etc., which do not reveal all the plasma 
tPA antigen (Table 1). 

We compared the sensitivity and specificity of this immu- 
noradiometric assay with a widely used enzyme-linked 
immunosorbent assay (ELISA) system for tPA” that 
recently became available from American Diagnostica. 
Greater sensitivity (~0.1 ng/mL) has been confirmed to 
accompany use of enzyme-labeled antibody as compared 
with '*I-labeled antibody (~0.5 ng/mL). In using the 
ELISA system, however, we encountered two problems that 
required some modification of the procedure. First, tPA- 
depleted plasma gives a background as high as 50% that of 
the original plasma, suggesting serious nonspecificity. This 
problem can be overcome by the use of affinity-purified 
antibody to coat the assay wells as described in this article 
instead of using whole Ig fraction. Second, acidification of 
plasma to pH 3.9 with subsequent reneutralization as recom- 
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mended by the report” gives a tPA value somewhat lower 
than the addition of 0.5 mol/L of lysine (Wun, unpublished 
observations), suggesting that acidification and reneutraliza- 
tion is not as effective in revealing plasma tPA antigen as is 
treatment with lysine. 

Our finding of a linear relationship between total plasma 
tPA antigen and in vitro spontaneous fibrinolysis requires 
cautious interpretation. In this and a previous article’ we 
demonstrated that very little free tPA exists in stored plas- 
ma. Plasma samples generally contain excess inhibitor rela- 
tive to tPA, and the formation of tPA: inhibitor complex in 
the circulation and/or after blood collection appears to be 
highly favored. Stored plasma samples nonetheless exhibit 
low-level spontaneous fibrinolytic activity that is tPA depen- 
dent.’ As shown in the accompanying article,” the tPA:in- 
hibitor complex isolated from stored plasma is capable of 
inducing plasma fibrinolysis that is insensitive to the pres- 
ence of excess tPA inhibitor, in sharp contrast to free 
tPA-induced fibrinolysis that is sensitive to inhibition by 
inhibitor. Therefore, the complex-induced fibrinolysis does 
not appear to be attributable to residual free tPA. It is 
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probably due to a low-level activity intrinsic to the complex 
or to slow, localized dissociation of the complex with fibrin 
added. These explanations are consistent with the finding 
that, for the bulk of stored plasma samples in which inhibitor 
is in excess of tPA, the amoun of tPA antigen in the form of 
tPA:inhibitor complex is related to in vitro spontaneous 
fibrinolytic activity. Despite in vitro correlation, measure- 
ment of total tPA antigen or assay of spontaneous fibrino- 
lytic activity may not be adequate to define the in vivo 
fibrinolytic state. It is likely that in vivo fibrinolysis may be 
dynamically determined by the availability of free tPA and 
its kinetic interaction with inhibitor.” These considerations 
highlight the need for further development of reliable quanti- 
tative assays for the inhibitor to define the fibrinolytic state 
of plasma better. 
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Initiation and Regulation of Fibrinolysis in Human Plasma at the 
Plasminogen Activator Level 


By Tze-Chein Wun and Anne Capuano 


The initiation and regulation of fibrinolysis has been stud- 
ied by reconstitution of fibrinolytic activity in human 
plasma in vitro, Depletion of tissue plasminogen activator 
(tPA) antigen by immunoadsorption of human plasma with 
anti-tPA Ig Sepharose 4B leads to total loss of spontaneous 
fibrinolytic activity determined by lysis of a thrombin- 
induced clot. Addition of physiological concentrations of 
purified tPA to tPA-depleted plasma restores fibrinolytic 
activity as a function of the length of time between tPA 
addition and clotting. Addition of free tPA to tPA-depleted 
plasma followed by immediate clotting results in a high rate 
of fibrinolysis. In contrast, when free tPA is allowed to 
incubate in plasma for 10 to 60 minutes prior to clot 
formation, the fibrinolytic activity of tPA is gradually lost. 
The loss of tPA-induced fibrinolytic activity in unclotted 
plasma is accompanied by decreased partitioning of tPA 
antigen into fibrin after clotting and is kinetically correlated 
with the formation of a 100 kilodaiton (kDa) tPA complex 
as demonstrated by SDS-gel electrophoresis and fibrin- 
agar zymography. These results suggest that free tPA is 
susceptible to complexation by the plasma inhibitor in the 
absence of a clot. Fibrin formation renders tPA relatively 
inaccessible to inhibition. The tPA antigen isolated from 
stored plasma consists mainly of 100 kDa activity in SDS- 


IBRINOLYSIS refers to a process in which fibrin is 

proteolytically converted into soluble degradation prod- 
ucts. The plasminogen activators (PAs) in human plasma 
appear to play the initiating role in this process by catalyzing 
the conversion of plasminogen into plasmin, which subse- 
quently degrades fibrin.'” 

Because of the exceptionally low’ and labile’ nature of 
plasma fibrinolytic activity in vitro, few investigators have 
directly studied fibrinolysis in plasma. Instead, most efforts 
have been directed toward study of purified components and 
euglobulin. The latter approaches, although more facile, 
have the limitation that important regulatory components 
are completely or partially eliminated, complicating the 
resolution of several fundamental questions. In particular, 
what are the relative roles of the various plasma activators— 
tissue plasminogen activator (tPA),° urokinase (uPA),’? and 
factor XI1/kallikrein'*'"—in plasma fibrinolysis? Are 
plasma PA inhibitors truly involved in the regulation of 
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gel electrophoresis and zymography, indicating that the 
tPA complex is resistent to dissociation by SDS. Upon 
rezymography of the sliced gel, only a 60 kDa tPA activity is 
found, suggesting that the activity at 100 kDa is at least 
partly due to free tPA dissociated from the complex during 
the first zymography. Conversion of tPA complex tovenzy- 
matically active free tPA also occurs with brief SDS expo- 
sure followed by incubation in the presence of excess 
Triton X-100 or by hydroxylamine treatment. These 
results reconcile the apparent discrepancy of the 100 KDA 
inhibitor-tPA complex manifesting plasminogen activation 
activity during zymography. The plasma tPA-inhibitor com- 
plex is precipitated strongly by antisera against plasmin- 
ogen activator inhibitors (PAIs) of human Hep G2 hepatoma 
and HT-1080 fibrosarcoma cells and weakly by antiserum 
against bovine aortic endothelial cell PAI but not by antise- 
rum against a placental PAI (PAI-2) suggesting that the 
plasma inhibitor is immunologically related to Hep G2, 
HT-1080 and possibly endothedial cell PAls. Based on the 
above findings, a simple model for the initiation and regula- 
tion of plasma fibrinolysis at the PA level has been formu- 
lated. 

1987 by Grune & Stratton, inc. 


overall plasma fibrinolysis? And, if so, which ones? How is 
plasma fibrinolysis initiated and regulated? 

Our previous work on the human fibrinolytic system has 
made available several purified PAs, inhibitors, and their 
specific antibodies. > * These together with our recent 
development of a reproducible plasma fibrinolytic assay! 
have allowed us to investigate the initiation and regulation of 
plasma fibrinolysis. Using these tools, we have recently 
demonstrated that in vitro spontaneous plasma fibrinolysis is 
strictly dependent on tPA-related protein but not on uroki- 
nase (uPA) or factor XH /kallikrein” suggesting that tPA is 
possibly the primary initiator of fibrinolysis in the plasma 
milieu. By sodium dodecyl sulfate (SDS)-gel electrophoresis 
and fibrin-agar zymography techniques, we further showed 
that the majority of tPA-related activity in plasma has an 
apparent molecular weight of 100 kDa, different from free 
tPA (60 kDa). The 100-kDa activity can be generated by 
incubating physiological concentration of free tPA in the 
tPA depleted plasma.’ These observations suggested to us 
that plasma contains a component that specifically forms a 
complex with tPA under normal physiological conditions and 
the component may function to regulate tPA-dependent 
fibrinolytic activity. 

In this report, we describe a series of reconstitution 
experiments which demonstrate that formation of the com- 
plex is kinetically correlated with decreased partitioning of 
tPA antigen into fibrin clots and depressed plasma fibrino- 
lytic activity. Furthermore, we have found that regulation of 
tPA-induced plasma fibrinolysis is dictated by the presence 
or absence of fibrin. The absence of fibrin renders tPA- 
dependent fibrinolytic activity susceptible to inhibition, 
while the presence of fibrin sustains a lasting fibrinolysis 
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INITIATION AND REGULATION OF FIBRINOLYSIS 


even though the surrounding serum contains excess inhibitor 
over added tPA. Based on these and previous results, we 
propose a simple model that entails key factors involved in 
the initiation and regulation of plasma fibrinolytic activity at 
the PA level. 


MATERIALS AND METHODS 
Materials 


Pure, single-chain free tPA (60 kDa) was isolated from HeLa cell 
culture medium.'* Antiserum against HeLa tPA was raised in 
rabbit. Platelet-rich plasma was obtained from New York Blood 
Center. Thrombin (3,000 NIH units/mg, product #T6759) was 
from Sigma, St. Louis. Goat antirabbit-Ig beads were obtained from 
BioRad, Richmond, CA. Other materials used were the same as 
described in the accompanying paper." 


Methods 


Plasma. Fresh, acid-citrate-dextrose anticoagulated plasma 
obtained from the blood bank was centrifuged at 3,300 g for 10 
minutes at 4°C to separate platelets. The supernatant was further 
centrifuged at 16,300 g for 1 hour at 4°C to obtain platelet-free 
plasma and stored at — 65°C. 

Anti-tPA-1g-Sepharose 4B. Specific antibody against tPA was 
isolated from rabbit antiserum by immunoaffinity chromatography 
on a tPA-Sepharose column.” The specific anti-tPA-Ig was then 
coupled to cyanogen bromide-Sepharose 4B (5 mg antibody per mL 
wet gel). 

Sandwich immunoradiometric assay of tPA. The immunora- 
diometric assay was carried out in 96-well flexible plastic plates as 
described in the accompanying paper. The plasma samples were 
diluted 3:1 with 2 mol/L L-lysine to ensure full detection of 
tPA-related antigen. 

Plasma clot lysis assay. The clot lysis assay was carried out as 
described.” In brief, plasma was supplemented with '**I-fibrinogen 
and 0.2% NaN, and divided into 95 uL aliquots in microfuge tubes. 
Five uL of a thrombin solution (20 NIH units/mL in 0.5 mg/mL 
bovine serum albumin) was then added to clot the plasma in each 
tube. The clots were incubated at 37°C. At various time intervals, a 
tube was taken, vortexed, and centrifuged to separate the serum. The 
percent of clot lysis was calculated based on the amount of '**I-fibrin 
degradation products released into serum. 

SDS-polyacrylamide gel electrophoresis and zymography. 
Sodium dodecyl sulfate-polyacrylamide gel electrophoresis was 
performed using Laemmli's buffer system.'” Zymography was car- 
ried out by washing the gel with 2.5% Triton X-100 and subse- 
quently laying the gel onto a fibrin-agar layer containing plasmin- 
ogen."* 

Preparation of tPA-depleted plasma and isolation of plasma 
100-kDa tPA complex. Freshly frozen plasma (100 mL) was 
thawed in a 37°C water bath and incubated at room temperature for 
more than three hours to ensure full formation of tPA:inhibitor 
complex. The plasma is titrated to pH 6 with | N HCI and passed 
through a 3-mL anti-tPA-Ig Sepharose 4B column (prewashed with 
0.15 mol/L NaCl). The early flow-through is discarded to avoid 
dilution. The flow-through pool is essentially depleted of tPA antigen 
(<0.27 ng/mL by immunoradiometric assay) and is designated 
tPA-depleted plasma. The anti-tPA-lg-Sepharose 4B column was 
washed with 30 mL of phosphate-buffered saline supplemented with 
0.4 mol/L NaCl, 0.1 mol/L benzamidine, and 1% Triton X-100 and 
then with 30 mL of the same buffer without Triton X-100. The 
material bound to the column was eluted with 0.1 mol/L glycine/ 
HCI, pH 2.2, concentrated and dialyzed against the same buffer 
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using a colodion bag. The eluate contains largely 100-kDa plasmin 
ogen activator activity as analyzed by zymography.'*' 


RESULTS 


Plasma tPA Antigen—Existence as 100-k Da Complex 
Form and Its Formation 


Plasma tPA-related antigen can be precipitated from a 
normal pooled plasma by anti-tPA-Ig. The immunoprecipi- 
tated tPA consist of essentially only 100 kDa activity in 
zymography (Fig 1, lane 5) as opposed to free tPA, which ts 
60 kDa (lane 6). Plasma tPA antigen can be completely 
depleted from slightly acidified plasma by anti-tPA-lIg- 
Sepharose 4B, since no tPA activity is precipitable by 
anti-tPA-lg in the immunoadsorbed plasma (Fig 1, lane 1) 
When free tPA (60 kDa) is added to tPA-depleted plasma, 
more 100-kDa complex is formed. At near physiological 
concentrations of tPA (5 to 10 ng/mL), 100-kDa activity is 
the only prominent complex formed (lanes 2 and 3). At 
higher tPA concentrations (50 ng/mL), 100-kDa complex is 
formed together with small amounts of other complexes, but 
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Fig 1. Zymographic study of tPA complex formation in tPA- 
depleted plasma. Depletion of tPA antigen from plasma was 
carried out as described in the experimental section. The tPA- 
depleted plasma (0.18 mL) was mixed with 0.02 mL of 10,000 
units/mL aprotinin and 0.01 mL of PBB solution (phosphate 
buffered saline supplemented with 5 mg/mL bovine serum albu- 
min and 2.5 mg/mL bovine Y globulin) containing O to 1,000 ng/mL 
tPA and incubated for two hours at 37°C to form the tPA complex. 
To form immunocomplex, 3 uL of 0.2 mg/mL anti-tPA-lg, 20 uL of 
1 mol/L benzamidine and 77 uL of 2 mol/L L-lysine were added and 
the mixture was incubated at 4°C overnight. Then 25 ul of goat 
antirabbit Ig bead was added and incubated at room temperature 
for three hours to precipitate the immunocomplex. The beads 
were washed four times with a PBS buffer supplemented with 0.4 
mol/L NaCl, 0.1 mol/L benzamidine and 1% Triton X-100 and two 
times with water. Thirty uL of a buffer containing 0.1 mol/L 
glycine / HCI, pH 2.2, 0.1% SDS, and 6 mol/L urea was added to the 
washed beads and the mixture was incubated at 37°C for 30 
minutes to dissociate the immunocomplex. The mixture was 
centrifuged briefly in microfuge and 20 ul of supernatant was 
taken for zymography using 10% polyacrylamide gel. Lane 1, 
tPA-depleted plasma; lane 2, tPA-depleted plasma incubated with 
5 ng/mL tPA; lane 3, tPA-depleted plasma incubated with 10 
ng/mL tPA; lane 4, tPA-depleted plasma incubated with 50 ng/mL 
tPA; lane 5, plasma not depleted of tPA; lane 6. PBB solution 
incubated with 10 ng/mL tPA. 
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the majority of tPA remains free (lane 4). These results 
indicate that normal plasma contains a component that can 
specifically bind to the free tPA to form a SDS-nondissocia- 
ble 100-kDa complex, and this plasma component normally 
exists in limited excess over tPA. Figure 2 shows the zymo- 
graphic study of the time course of the formation of 100-kDa 
complex after supplementing a tPA-depleted plasma with 10 
ng/mL free tPA. Free tPA activity gradually diminishes and 
the 100-kDa activity gradually increases with a time course 
of more than one hour. 


Partitioning of tPA Antigens Between Plasma Clot 
and Serum 

When freshly frozen plasma is thawed, incubated at room 
temperature for several hours, and then clotted by the 
addition of thrombin, less than 15% of tPA antigen in the 
plasma is found to be bound to the clot (Table 1). This 
finding is inconsistent with the known high affinity of tPA 
for fibrin.” To examine the possibility that the low affinity of 
plasma tPA antigen for fibrin may be due to formation of 
tPA complex, we have carried out several reconstitution 
experiments. Introduction of immunoaffinity-isolated tPA 
complex into tPA-depleted plasma similarly shows low affin- 
ity of the complex for the clot. The affinity is not signifi- 
cantly changed by varying the time period prior to clotting 
(Fig 3B). In contrast, when free tPA is added to tPA- 
depleted plasma, the affinity of tPA antigen for clot varies 
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Fig 2. Zymographic study of the time course of the formation 
of 100-kDa activity following addition of tPA to tPA-depleted 
plasma. tPA-depleted plasma (1.53 mL) was supplemented with 
0.17 mL of 10,000 U/mL aprotinin, cooled on ice for three minutes 
and mixed with 1.6 uL PBB solution containing 10 ug/mL tPA such 
that the final concentration of tPA was 10 ng/mL. At 0, 10, 30, 60 
and 240 minutes after mixing. 0.3 mL aliquots were taken and 
added to microfuge tubes containing 0.1 mL of 2 mol/L L-lysine, 
0.04 mL of 1 mol/L benzamidine and 0.003 mL of 0.2 mg/mL 
anti-tPA-lg. The samples were incubated at 4°C overnight to form 
immunocomplex. Then, 0.025 mL of goat-antirabbit-lg beads was 
added and the suspension was incubated at room temperature for 
two hours to precipitate the immunocomplex. The beads were 
washed four times with a PBS buffer supplemented with 0.4 mol/L 
NaCl, 0.1 mol/L benzamidine and 1% Triton X-100 and two times 
with water. Thirty uL of a buffer containing 0.1 mol/L glycine/HCI, 
pH 2.2, 0.1% SDS, and 6 mol/L urea was added to dissociate the 
immunocomplex. The mixture was centrifuged briefly in a micro- 
fuge and 20 uL of supernatant was taken for zymography on a 10% 
polyacrylamide gel. Lanes 1 to 5, tPA-depleted plasma incubated 
with tPA for 0, 10, 30, 60 and 240 minutes respectively; lane 6, a 
normal pooled plasma immunoprecipitated by exactly the same 
procedure. 
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Table 1. Immunoradiometric Assay for Endogenous tPA 
in Plasma and Serum 











tPA Conc 

(ng/mL) % of Plasma tPA 
Plasma* 15.8 + 0.55 100 
Serum (citrate) +t 13.5 + 0.10 85 
Serum (Ca?* )t¢ 13.9 + 0.30 88 





*A pooled plasma was mixed with Yc volume of aprotinin (10,000 
units/mL). Fifty uL of 0.5 mg/mL BSA was added to 0.95 mL of the 
plasma-aprotinin mixture and used for immunoradiometric assay. 

tSerum was prepared by mixing 0.95 mL of the above plasma- 
aprotinin mixture with 50 wl of 0.5 mg/mL BSA plus 20 units/mL 
thrombin, incubating for 30 min at room temperature, and separating the 
serum by centrifugation in a microfuge for 5 min 

{Serum was prepared by mixing 0.95 mL of the plasma-aprotinin 
mixture with 50 uL of 0.5 mg/mL BSA plus 20 units/mL thrombm and 
0.5 mol/L CaCl, incubating and separating the serum as described in +. 
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Fig 3. Effect of preclotting incubation on the partitioning of 
tPA antigen between clot and serum in plasma reconstituted with 
free tPA or tPA complex. A tPA-depleted plasma (10.8 mL, 
adjusted to pH 7.4) was supplemented with 1.2 mL of 10,000 U/mL 
aprotinin and chilled on ice for two minutes. The supplemented 
plasma was divided into two 6-mL aliquots. Free tPA was added to 
one aliquot and the other with tPA complex, such that the final 
concentration of tPA antigen was 17.8 and 13.6 ng/mL respec- 
tively. At 0, 5, 10, 30, 60 and 240 minutes of incubation at room 
temperature, 0.76 mL aliquots of each mixture was removed and 
clotted by addition of 40 uL of 20 U/mL thrombin, 0.5 mg/mL BSA. 
After 1.5 hours incubation at room temperature, the clots were 
packed down by vortexing and centrifugation for five minutes in a 
microfuge. The supernatant sera were taken for immunoradio- 
metric quantitation of tPA antigen. Separate 0.76 mL aliquots of 
the mixtures were also taken, mixed with 40 ul of 0.5 mg/mL BSA 
and processed the same way to quantitate tPA antigen in the 
unclotted plasma. The % tPA antigen in the sera and clots were 
calculated by the following equations: 


% tPA antigen in the serum = 


[tPA antigen] in the serum s60 


[tPA antigen] in unclotted plasma 





% tPA antigen in the clot = 100% — % tPA antigen in the serum. 


(A) Effect of preclotting incubation on the distribution of tPA 
antigen between clot and serum in plasma reconstituted with free 
tPA. (B) Effect of preclotting incubation on the distribution of tPA 
antigen between clot and serum in plasma reconstituted with tPA 
complex. 
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with the time of incubation prior to clotting (Fig 3A). 
Reconstitution followed by immediate clotting leads to high 
incorporation of tPA into the clot (~60%). Incubation of the 
mixture for various time intervals (five minutes to four 
hours) before clotting results in progressively decreased 
partitioning of tPA antigen into the clot. At four hours 
incubation, only 24% tPA antigen is bound to the clot (3A), 
which is similar to what was found by reconstitution of tPA 
complex. into tPA deficient plasma (Fig 3B). The time 
dependence of the partitioning of tPA (Fig 3) correlates well 
with the time course of the formation of 100-kDa tPA 
complex (Fig 2). Together these results suggest that free tPA 
possesses high affinity for a plasma clot, and that incubation 
of free tPA in plasma in the absence of clotting leads to the 
formatien of a tPA complex that possesses low affinity for 
the plasma clot. Furthermore, since free tPA retains high 
affinity for fibrin upon clotting, one must assume that 
fibrin-bcund tPA is capable of evading complexation, at least 
to some extent. Assuming the time course of the change in 
partitioning exactly reflects that of the complex formation, 
then the half-time for complex formation under these condi- 
tions is approximately 30 minutes. 


Effect of tPA Antigen Depletion on Plasma Fibrinolytic 
Activity 


By acidification of a plasma to pH 6 and immunoadsorp- 
tion with anti-tPA-Ig Sepharose 4B, more than 98% of tPA 
antigen can be depleted (tPA antigen decreases from 15.4 to 
0.27 ng/mL as measured by immunoradiometric assay). 
Using the spontaneous clot lysis assay we found that the 
original plasma sample lyses its clot within two days while 
the tPA-depleted plasma possesses no significant fibrinolytic 
activity (Fig 4). This result is consistent with our previous 
finding that spontaneous fibrinolysis in human plasma is 
initiated by tPA-related protein." 


Free tPA-Induced Plasma Fibrinolysis-——Effect of 
Preclotting Incubation 


Since depletion of plasma tPA antigen results in total loss 
of plasma fibrinolytic activity (Fig 4), one expects reconsti- 
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Fig 4. Effect of immunoadsorption with anti-tPA-ig Sepharose 
4B on the spontaneous fibrinolytic activity of plasma. Depletion of 
plasma tPA antigen by immunoadsorption with anti-tPA-ig Sepha- 
rose 4B and assay of spontaneous plasma clot lysis were carried 
out as described in the experimental section. Time course of clot 
lysis in an untreated plasma (O}. Time course of clot lysis of the 
same plasma depleted of tPA antigen {@). 
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tution of tPA into tPA-depleted plasma to restore fibrinolytic 
activity. However, because addition of free tPA to unclotted 
tPA-depleted plasma results in a gradual transformation of 
free tPA into 100-kDa complex (Fig 2) and loss of affinity of 
tPA antigen for fibrin upon clotting (Fig 3), we have 
explored whether or not this change is accompanied by 
alteration in fibrinolytic property. As shown in Fig 5, when 
free tPA was added to a tPA-depleted plasma (10 ng/mL) 
and followed by immediate clotting, the clot lysed within 20 
hours. However, when the same supplemented plasma was 
allowed to stand for 10, 30, and 60 minutes at room 
temperature before clotting, subsequent clot lysis was pro- 
gressively retarded. Figure 6 shows the effect of preclotting 
incubation on a plasma supplemented with various amounts 
of free tPA (Fig 6, A to D: 2.5, 5.0, 12.5 and 25 ng/mL, 
respectively). Mixing free tPA with plasma followed by 
immediate clotting invariably shows much faster clot lysis 
(open circles) than those subjected to one hour preclotting 
incubation (closed circles). The retardation of fibrinolysis by 
preclotting incubation is largely complete at low tPA concen- 
trations (2.5 to 5.0 ng/mL) but the effect was significantly 
abolished at higher tPA concentration (25 ng/mL), indicat- 
ing the capability of tPA-depleted plasma to inhibit tPA 
activity. The results from Figs 5 and 6 also suggest that fibrin 
formation at the time of mixing free tPA with plasma renders 
tPA activity stable, presumably because fibrin-bound tPA is 
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Fig 5. Effect of preclotting incubation on clot lysis in tPA- 
depleted plasma reconstituted with free tPA. A solution of tPA (33 
uL) was added to 3.5 mL of tPA-depleted plasma, such that the 
final concentration of tPA was 10 ng/mL. Eight 95 ul aliquots 
were immediately taken into tubes and each was clotted by 
addition of 5 uL of 20 units/mL thrombin plus 0.5 mg/mL BSA and 
incubated at room temperature for 30 minutes. At 10, 30, and 60 
minutes after mixing tPA and tPA-depleted plasma, eight 95 uL 
aliquots were again taken, clotted, and incubated as before. Clot 
lysis assay was performed as described in the experimental 
procedure. Immediate clotting (@); 10 minute preclotting incuba- 
tion (O); 30 minute preciotting incubation (A); 60 minute prectot- 
ting incubation (0). 
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Fig 6. Induction of fibrinolysis in tPA-depleted plasma by 
various amounts of free tPA and the effect of preclotting incuba- 
tion. Four 2-mL aliquots of tPA-depleted plasma were each supple- 
mented with 5 uL of free tPA solution, such that the final 
concentrations of tPA antigen were: (A) 2.5 ng/mL; (B} 5.0 ng/mL; 
{C} 12.5 ng/mL; and (D} 25.0 ng/mL, respectively. Half of each 
mixture was immediately aliquoted into 95 uL and clotted by 
mixing with 5 uL of 20 units/mL thrombin plus 0.5 mg/mL BSA. 
The other haives were incubated at room temperature for one 
hour before aliquoting and clotting as before. Clot lysis assay was 
carried out as described in the experimental section. In each panel 
{A to D), (O) represents plasma clotted immediately after addition 
of tPA and (@) represents plasma mixed with tPA for one hour at 
room temperature before clotting. 


relatively inaccessible to complexation by putative plasma 
inhibitors. 


tPA Complex-Induced Fibrinolysis—Comparison With 
Free tP A-Induced Fibrinolysis 


We have previously demonstrated that essentially all the 
tPA antigen exists in complexed form in stored plasmas.'* 
The plasmas, however, still possess low-grade but strictly 
tPA-dependent fibrinolytic activity when clotted.'* In order 
to understand better the tPA complex~induced fibrinolysis, 
we carried out a series of reconstitution experiments. When 
increasing amounts of immunoaffinity-isolated tPA complex 
(12 to 41 ng/mL tPA antigen) was reconstituted into tPA- 
depleted plasma followed by immediate clotting or incuba- 
tion for one hour before clotting, progressively faster clot 
lysis is observed (Fig 7). In contrast to free tPA-induced clot 
lysis, the tPA complex-induced fibrinolysis does not show a 
different rate of fibrinolysis with (closed circles) or without 
(open circles) preclotting incubation (Fig 7). These results 
suggest that tPA complex-induced fibrinolysis is due either 
to the intrinsic activity of the complex or to the dissociation 
of the complex to free tPA during incubation but not to 
contaminating free tPA in the complex preparation. To 
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Fig 7. induction of fibrinolysis in tPA-depleted plasma by 
various amounts of tPA complex and the effect of preciotting 
incubation. Four 1.8 mL aliquots of tPA-depleted plasma were 
each supplemented with 0.2 mL of tPA complex (dissolved in 0.07 
mol/L Tris/0.1 mol/L glycine, pH 7.6) such that the final concen- 
trations of tPA antigen ware: (A) 12 ng/mL: {B} 18 ng/mL; (C) 29 
ng/mL; and {D} 41 ng/mL. respectively. Half of each mixture was 
immediately aliquoted into 95 uL and clotted by mixing with 5 uL of 
20 units/ml thrombin plus 0.5 mg/mL BSA. The other half was 
incubated at room temperature for one hour before aliquoting and 
clotting as before. Clot lysis assay was carried out as described in 
the experimental procedure. in each panel (A to D), {O} represents 
plasma clotted immediataly after addition of tPA complex: (@) 
represents plasma mixed with tPA complex for one hour at room 
temperature before clotting. 


induce similar rates cf fibrinolysis, the amount of tPA 
complex needed is significantly higher than free tPA. Figure 
8 shows the rates of fibrinolysis in relation to the concentra- 
tion of free tPA or tPA complex. By plotting the rate of clot 
lysis (1/Sso, the inverse of the time required for 50% clot 
lysis) versus the concentration of added antigen, linear 
relationships are found. From the slopes, rate of 113 x 
10°*ho' ng”! for free tPA and 5.5 x 10°* h~? ng”! for tPA 
complex are calculated. Therefore, free tPA is about 20-fold 
more active than tPA complex. The relative rates of fibrino- 
lysis induced by isolated free tPA and tPA complex shown 
here may not be exactly the same as those induced by native 
molecules since we cannot exclude the possibility that tPA 
complex may be partially denatured by immunoaffinity 
purification. However, the result is consistent with our 
previous observation that stored plasma containing native 
tPA complex possesses relatively little activity compared to 
free tPA-induced fibrinolysis.'*" 


Dissociation of tPA Complex 


The immunoaffinity-isolated tPA complex does not appre- 
ciably dissociate during storage in 0.1 mol/L glycine/ HCI 
pH 2.2 or SDS-gel electrophoresis, and plasminogen activa- 
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Fig8. Relationship between rates of clot lysis and the concen- 
tration of exogenously added free tPA or tPA complex. The data 
were based on the experiments described in Figs 6 and 7 (without 
preclotting incubation). The rate of clot lysis. 1/S,., was taken as 
the inverse of the time required for 50% clot lysis. The concentra- 
tion of tPA was calculated based on immunoradiometric assay. (A), 
tPA-depleted plasma supplemented with free tPA; (B), tPA- 
depleted plasma supplemented with tPA complex. 


tor activity appears at a position corresponding to 100 kDa in 
zymography (Fig 9, lane 1). To investigate whether the 
activity may arise from dissociation of the complex, we have 
examined conditions under which conversion of tPA complex 
to free tPA occurs. Treatment of tPA complex with SDS and 
subsequently with Triton X-100 results in the generation of 
free tPA (lane 2). Furthermore, when a 100-kDa activity is 
cut out and eluted from a zymographic gel and rezymo- 
graphed, the activity is found at 60 kDa corresponding to free 
tPA (lane 3). These experiments indicate that SDS and 
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Fig9. Zymographic study of the dissociation of tPA complex. 
Plasma tPA complex was isolated by immunoaffinity chromatogra- 
phy as described in experimental procedure and stored at — 20°C 
in 0.1 mol/L glycine/HCI, pH 2.2. Lane 1, plasma tPA complex (8 
uL) plus 2 ul 0.4 mol/L Tris/OH incubated at 37°C for 10 minutes, 
supplemented with 2 ul of PBB and further incubated at 37°C for 
15 minutes: lane 2, plasma tPA complex (8 uL) plus 2 L 0.4 mol/L 
Tris/OH containing 1% SDS, incubated at 37°C for 10 minutes, 
supplemented with 2 uL PBB and 1 uL 20% Triton X-100 and 
further incubated at 37°C for 15 minutes; lane 3, plasma tPA 
complex was zymographed in multiple lanes until 100-kDa activity 
appears as shown in lane 1. Three 100-kDa bands were cut out of 
the gel, extracted with 0.5 mL of 50 mmol/L NH,HCO, at 37°C 
overnight. The extract was lyophilized and redissolved in electro- 
phoresis sample buffer and re-zymographed; lane 4, plasma tPA 
complex (8 uL) plus 2 uL 0.4 mol/L Tris/OH and 2 ul 4 mol/L 
hydroxylamine, pH 7.0, incubated at 37°C for one hour; lane 5, 
plasma tPA complex (8 yL) plus 2 uL 0.4 mol/L Tris/OH containing 
1% SDS and 2 uL 4 mol/L hydroxylamine, pH 7.0, incubated at 37c 
for one hour. 
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Fig 10. Immunoprecipitation of tPA-inhibitor complex from 
human plasma. Aliquots (0.9 mL) of pooled human plasma were 
mixed with 0.3 mL of 2 mol/L L-lysine and 6 ul of normal rabbit 
serum or various rabbit anti-PA inhibitor sera in microfuge tubes 
and incubated at 4°C for 12 hours. Then. 60 ul aliquots of goat 
antirabbit Ig (1 mL precipitates 1.5 mg rabbit Ig [Sigma product]) 
were added to each mixture and the incubation continued for 12 
hours at 4°C to precipitate the immunocomplexes. The precipi- 
tates were collected by centrifugation for 15 minutes at 4°C ina 
microfuge and washed once with 1 mL PBS. The washings were 
discarded and the precipitates were each dissolved in 60 ul of a 
buffer containing 0.1 mol/L glycine/HCl, pH 2.2. 0.1% SDS, 6 
mol/L urea and 0.001% bromophenol! blue. Twenty ul of the 
redissolved precipitates were taken for SDS-PAGE (7.5% poly- 
acrylamide) and zymography. Immunoprecipitation with: normal 
rabbit serum (lane 1); rabbit antihuman placental PAI-serum (lane 
2); rabbit antibovine endothelial cell PAI serum (lane 3): rabbit 
antihuman Hep G2 PAI serum (lane 4); rabbit antihuman HT-1080 
PAI serum (lane 5); rabbit antihuman HeLa tPA serum (lane 6). 


Triton X-100 treatment as occurs with zymography results 
in dissociation of the complex. Thus, the 100-kDa activity 
may be due to the dissociated free tPA. Hydroxylamine is 
also capable of generating free tPA from tPA complex (lane 
4) and the conversion also seems to be facilitated by SDS 
(lane 5). 


Immunoprecipitation of tPA-Inhibitor Complex From 
Human Plasma 


We have previously isolated a PA inhibitor from human 
placenta (designated as PAI-2*).'* More recently we have 
purified PA inhibitors” from a human hepatoma cell, Hep 
G2, and from a human fibrosarcoma cell, HT-1080 (desig- 
nated as PAI-1*), In order to establish the immunological! 
relationship of the plasma tPA inhibitor with these inhibitors 
and an inhibitor produced by a bovine aortic endothelial 
cell, we have carried out an immunoprecipitation experi- 
ment. As shown in Fig 10, normal rabbit serum and antise- 
rum against placenta inhibitor do not precipitate any detect- 








*The term PAI-1 refers to the plasminogen activator inhibitor of 
endothelial cells, platelets, Hep G2, and HT-1080 cells, while PAI-2 
refers to the plasminogen activator inhibitor of placenta, monocytes, 
and U-937 cells, in accordance with the recommendations adopted 
at the 32nd Annual Meeting of the International Committee on 
Thrombosis and Haemostasis, June 8, 1986 
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able amount of tPA-inhibitor complex (lanes 1 and 2). 
Antiserum against bovine aortic endothelial cell PA inhibitor 
precipitated a small amount of 100-kDa tPA-inhibitor activ- 
ity (lane 3). Antisera against Hep G2 and HT-1080 inhibi- 
tors precipitated much larger amounts of 100-kDa tPA- 
inhibitor activity (lanes 4 and 5). Antiserum against HeLa 
cell tPA was found to precipitate the 100-kDa activity and a 
trace of free tPA (lane 6). The relative intensities in zy- 
mography of the immunoprecipitates are highly reproducible 
in several repeated experiments. The weak precipitation of 
100-kDa activity by antiserum against bovine aortic endo- 
thelial cell inhibitor may be due to weaker cross-species 
reactivity and/or lower titer. The lower 100-kDa activity 
precipitated by antiserum against tPA as compared to that 
precipitated by antisera against Hep G2 and HT-1080 
inhibitor is possibly due to the denaturing effect of antibody 
on tPA molecule rather than to lower titer, since the antise- 
rum against tPA has the highest titer of these sera. The result 
shown in Fig 9 indicates that the plasma tPA inhibitor is 
immunologically related to inhibitors produced by Hep G2 
cell, HT-1080 cell, and possibly also endothelial cell. 


DISCUSSION 


We have previously demonstrated’* that plasma fibrinoly- 
sis in vitro is dependent on the presence of tPA antigen but 
not on other reported plasma activators. However, it was 
found that essentially all the tPA antigen in the stored 
plasma exists in complexed form. By zymography, the major 
Species is a 100-kDa complex. The plasma component that 
forms 100-kDa complex with tPA exists in slight excess over 
tPA in normal plasma. In this report we have further 
documented that the formation of 100-kDa complex is 
kinetically correlated with the decreased partitioning of tPA 
antigen into fibrin clot and depressed plasma fibrinolytic 
activity, suggesting that tPA-dependent activity is suscepti- 
ble to inhibition in the absence of fibrin, and fibrin formation 
renders tPA relatively inaccessible to inhibition by plasma 
inhibitor. Moreover, we have demonstrated that physiolog- 
ical concentrations of free tPA readily induce fibrinolysis in 
plasma containing normal concentrations of a-antiplasmin. 
These results support a unified concept that plasma fibrino- 
lysis is efficiently initiated and regulated at tPA level under 
physiological condition. 

Inhibition of tPA by human plasma has been studied 
intensely in recent years. Earlier studies using nonphysiologi- 
cally high concentrations of tPA suggested that a,-antiplas- 
min and a,-macroglobulin inhibit tPA slowly and incom- 
pletely.”** More recent studies using lower concentration of 
tPA have found evidence for the existence of a “fast-acting 
inhibitor” that appears to inhibit tPA quickly (within a few 
minutes) and that exists in low concentration (ng/mL range) 
in plasma.*** Using zymographic technique, incubation of 
tPA (100 ng/mL) in plasma leads to formation of not only 
the 100-kDa complex but also the 140-kDa (tPA-a,- 
antiplasmin) and the 170-kDa (tPA-Cl-inactivator) com- 
plexes." These complexes were also found in plasma 
collected from normal subjects stimulated by 1-desamino- 
8-D-arginine vasopression, which greatly enhance the level 
of circulating tPA.” In contrast, our study showed that 
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normal plasma appears to contain only one major tPA- 
inhibitor complex (100 kDa).'*'® Furthermore, incubation of 
up to 10 ng/mL tPA in plasma for two hours does not lead to 


-appearance of 140-kDa and 170-kDa complexes; the later 


complexes appear when tPA concentration is increased to 50 
ng/mL (Fig 1). These results suggest that formation of 
100-kDa complex is highly specific under physiological con- 
ditions in plasma and a-antiplasmin and Cl-inactivator may 
participate in tPA inhibition to a significant extent only 
when tPA level is elevated above normal. 

The concentration of the plasma component which forms 
100-kDa complex with tPA is typically on the order of 5 to 10 
ng/mL in normal plasma as revealed by experiments 
described in Fig 6. Direct isolation of this component from 
plasma poses a difficult challenge. An alternative approach 
to reveal the identity of this inhibitor is to compare it with 
inhibitors isolated from other sources. In our immunoprecipi- 
tation study, we have shown that the plasma inhibitor is 
immunologically related to Hep G2 and HT-1080 inhibitors 
and possibly also to endothelial cell inhibitor (Fig 10). Our 
preliminary comparison of the inhibitors from these cells has 
shown a number of differences, however. First, although the 
Hep G2 and HT-1080 are immunologically related, they are 
not identical (ie, a “spur” is found in double immunodiffu- 
sion). Second, despite that Hep G2 and HT-1080 inhibitors 
are isolated by the same method, the Hep G2 inhibitor is 
fully active but the HT-1080 inhibitor is only partially active 
(specific activity of HT-1080 inhibitor is ~20% that of Hep 
G2 inhibitor). Third, the activity of isolated Hep G2 inhibi- 
tor is decreased after SDS-treatment while that of HT-1080 
inhibitor is enhanced. Based on the latency property and 
SDS-stimulating effect, the HT-1080 inhibitor (but not the 
Hep G2 inhibitor) is similar to the endothelial inhibitor 2! 
Because of these incompletely resolved questions, more work 
is required to establish an unambiguous relationship among 
these cellular and plasma inhibitors. 

Previous studies by other investigators??? have used 
higher concentrations of free tPA (63 to 180 ng/mL) to 
study tPA inhibition in plasma. In inhibitor-rich plasma 
from patients (containing up to 87 ng/mL inhibitor) inhibi- 
tion was found to be biphasic—a fast phase (minutes) 
followed by a slow phase (hours). In normal plasma, inhibi- 
tion occurred in a single slow phase (hours). The fast phase 
could be attributed to the interaction with plasma inhibitor 
that forms 100-kDa complex with tPA; the slow phase 
reaction was possibly due to the formation of tPA-a, anti- 
plasmin, tPA-C1 inactivator (CIINA), and 100-kDa com- 
plexes.”*”* In our study, we have used close to physiological 
concentrations of free tPA (2.5 to 10 ng/mL) to study its 
inhibition in normal plasma. Under these conditions, the tPA 
inhibition occurs with a time course of one hour or more and 
the complex formed appears to be restricted mainly to the 
100-kDa complex as shown in zymography. These results 
suggest that under physiological conditions (low free tPA 
and inhibitor concentrations), the tPA inhibition through 
100-kDa complex formation occurs rather specifically and 
the process is actually not “fast.” Theoretically, if one 
assumes that the reaction follows: E + I = El = EI’, where 
E is the enzyme, I the inhibitor, I’ the modified inhibitor, and 


INITIATION AND REGULATION OF FIBRINOLYSIS 


the second order rate constant, k; = 5 x 10° mol/L~'. S~ 
(k, was estimated to be | x 10° mol/L~' - Sor 1 x 10’ 
mol/L“? . S~! using inhibitor rich plasma),”*”* the t'4 can be 
calculated to be 2.6 minutes when the initial concentrations 
of free tPA and inhibitor are 1.3 nmol/L (~85 ng/mL tPA). 
In contrast, if the initial concentrations of free tPA and 
inhibitor are 75 pmol/L (~5 ng/mL tPA) the t!4 would be 44 
minutes. Therefore, from experimental and theoretical con- 
siderations, the reaction between tPA and plasma inhibitor 
under physiological conditions may take more than one hour 
to complete because tPA and inhibitor concentrations are 
exceedingly low. These considerations also raise some ques- 
tions concerning methods for functional assay of plasma tPA 
inhibitor. The assumption that the reaction is complete 
within a few minutes may not hold true when physiological 
concentrations of tPA and inhibitor are involved. 

Slow release of proteinases from inhibitor complexes has 
been observed in other systems such as trypsin-a, proteinase 
inhibitor.” Our in vitro studies suggest that tPA-inhibitor 
complex may have some intrinsic activity or may undergo 
slow dissociation as well. The exact mechanism by which the 
activity arises remains to be determined. In analogy to other 
proteinase-inhibitor systems” one may postulate that pro- 
teinases interact with the inhibitors resulting in the forma- 
tion of enzyme-modified inhibitor complexes that slowly 
dissociate. Alternatively, other proteinases may attack the 
enzyme-virgin inhibitor complexes to.form enzyme-modified 
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inhibitor complexes that subsequently undergo dissociation. 
At present, the significance of the preformed tPA-inhibitor 
complex in plasma fibrinolysis relative to free tPA-induced 
fibrinolysis remains unclear. 

The data presented have led us to formulate the following 
model for the initiation and regulation of tPA-dependent 
fibrinolysis in circulation. We postulate that tPA is released 
into the circulation as free tPA. In the event of fibrin 
formation, free tPA is adsorbed onto fibrin, which renders 
tPA relatively inaccessible to complexation by putative tPA 
inhibitors in the plasma. The fibrin-bound tPA activates the 
fibrin-bound plasminogen to plasmin, which degrades the 
fibrin before plasmin inhibitors take effect. In the absence of 
fibrin, the released free tPA is subjected to gradual inhibition 
by the inhibitors. By this mechanism, fibrinolysis is highly 
fibrin-localized and efficiently regulated at PA level. Besides 
the above pathway, preformed tPA-inhibitor complex may 
also contribute to fibrinolysis to some extent by an as yet 
unknown mechanism. 
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Engraftment of Dogs With Ia-Positive Marrow Cells Isolated 
by Avidin-Biotin Immunoadsorption 


By Ronald J. Berenson, William |. Bensinger, Dale Kalamasz, Friedrich Schuening, H. Joachim Deeg, 
Theodore Graham, and Rainer Storb 


Previous work has shown failure of engraftment in lethally 
irradiated dogs when autologous marrow was depleted of 
la-positive cells with an anti-la antibody and complement 
before infusion. In the current study, we have utilized an 
avidin-biotin immunoadsorption procedure to obtain a pop- 
ulation of highly enriched la-positive cells for autologous 
bone marrow transplantation in dogs given lethal irradia- 
tion. Dog marrow celis (2.4 to 7.0 x 10° cells} that 
contained 8.6% to 19.9% la-positive cells were treated 
successively with monoclonal antibody 7.2, which reacts 
with a framework determinant of la-antigen, and biotin- 
conjugated goat antimouse immunoglobulin. These treated 
cells were passed over a column of avidin—Biogel (poly- 
acrylamide) and the adherent cells removed by mechanical 


HE EXPRESSION OF IA-LIKE (class H) antigens on 
hematopoietic progenitors has been the subject of 
intense study by numerous investigators. These polymorphic 
bimolecular glycoproteins with molecular weights of approx- 
imately 29,000 ~nd 34,000 daltons are coded for by the D 
region and the I region of the major histocompatibility 
complex in man (HLA) and mice (H2), respectively.’ 
Numerous monoclonal antibodies (McAb) recognizing 
human DR antigens cross-react with a similar bimolecular 
glycoprotein complex in the dog.’ Previous in vivo studies 
have demonstrated failure of hematopoietic reconstitution in 
lethally irradiated dogs given autologous marrow depleted of 
la-positive cells with McAb 7.2, which reacts with human 
DR antigens, and complement.* These data suggest that 
la-like antigens may be present on canine hematopoietic 
stem cells. However, it is also possible that hematopoietic 
reconstitution did not occur because an la-positive accessory 
cell necessary for engraftment was eliminated. Therefore, it 
was desirable to perform autologous marrow transplants 
with la-positive cells to test whether pluripotent hemato- 
poietic stem cells express la-like antigens in dogs. 
Immunoaffinity chromatography has been used to sepa- 
rate the large numbers of cells required for bone marrow 
transplantation (BMT).° We have recently developed an 
immunoaffinity system which uses avidin-coated beads to 
bind cells labeled with biotin-conjugated antibodies. The 
very high affinity between the protein avidin and the vitamin 
biotin (KD = 107" mol/L) allows cells to be separated 
without prolonged incubation required by immunoaffinity 
columns using antibodies, lectins, or protein A as the ligands. 
Prolonged incubation has been shown to increase the nonspe- 
cific binding of cells. To amplify the biotin, “signal” marrow 
cells are first labeled with a mouse McAb directed against 
the antigen of interest and then secondarily treated with 
biotin-conjugated goat antimouse antibody. Antibody- 
treated cells are passed over a column of avidin-coated beads 
that will bind antibody-labeled cells and allow nonlabeled 
cells to pass through the column. Previous work has shown 
that the bound cells recovered by mechanical agitation are a 
relatively pure cell population that retains normal in vitro 
cellular functions.’ We have used this procedure to isolate a 
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agitation. Seven lethally irradiated dogs were transplanted 
with 5.9 to 33.4 x 10° recovered adherent celis per 
kilogram of which 69.0% to 88.0% were la-positive. All 
dogs had hematologic recovery; six are alive and well with 
durable engraftment and one died on day 15 posttrans- 
plant. They are immunologically normal as determined by 
lymph node and bone marrow biopsies, lymphocyte func- 
tion, and immunophenotyping of peripheral blood and bone 
marrow cells. These data provide further evidence that 
canine hematopoietic stem cells express la-like antigens 
and that these cells are capable of complete hematopoietic 
and immunologic reconstitution in an autologous model. 
©1987 by Grune & Stratton, Inc. 


population of highly enriched la-positive cells from canine 
marrow and performed successful autologous marrow trans- 
plants by infusing these cells into lethally irradiated dogs. 


MATERIALS AND METHODS 
Dogs 


Beagies, hounds, and mongrels from the Fred Hutchinson Cancer 
Research Center kennels were dewormed, vaccinated against dis- 
temper, leptospirosis, hepatitis, and parvovirus. housed in single 
cages, and observed for disease for at least two months. The dogs 
weighed 6.7 to 22.5 (median 15.0} kg and their ages were 9 months 
to 2+ years old at the time of transplantation. Research was 
conducted according to the principles enunciated in the “Guide for 
Laboratory Animal Facilities and Care“ prepared by the National 
Academy of Sciences-National Research Council. Dogs were 
observed for 2 to 6 months post-BMT. 


Total Body Irradiation, Marrow Infusion, 
and Animal Care 

Bone marrow was obtained from anesthetized dogs as previously 
described.” After marrow aspiration, dogs were given 9.2 Gy of total 
body irradiation at 7 cGy/min from two opposing “Co sources." 
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The positively selected (la-positive) marrow cells were infused 
within two to four hours of irradiation. Postgrafting parenteral 
fluids, electrolytes, platelet transfusions, and antibiotics were 
administered as indicated. All blood products used for transfusion 
were irradiated in vitro (15 Gy) to inactivate pluripotent stem cells 
and immunologically competent cells. Hematocrit, leukocyte, and 
platelet counts were obtained daily and an autopsy with histological 
examination was performed on the dog that died. 


Antibodies 


A purified murine monoclonal [gG2b antibody 7.2 was kindly 
provided by Dr John Hansen. McAb 7.2 reacts with human HLA- 
DR antigens and cross-reacts with similar la-like antigens (p 29/34) 
on canine cells?” Biotinylated goat antimouse immunoglobulin 
(B-GMAIg), fluorescein isothiocyanate conjugate (FITC) of swine 
antigoat immunoglobulin, FITC-swine immunoglobulin, and FITC- 
goat antimouse immunoglobulin were obtained from Tago (Burlin- 
game, CA). McAb 9E8 (donated by Genetic Systems, Seattle, WA) 
recognizes the p(15)E antigen of murine leukemia virus and is not 
reactive with dog or human tissues, including bone marrow and 
peripheral blood. Antibodies reactive with dog cells have been 
previously described. McAb DT2 reacts with canine helper T 
lymphocytes, while El] recognizes suppressor T lymphocytes.'*?? 
McAb DLY I reacts with both lymphocytes and monocytes, while 
DLY6 recognizes lymphocytes.'*'* McAb Thy! recognizes lympho- 
cytes and natural killer cells in dogs.’* 


Production of Avidin-Biogel 


Avidin obtained from Sigma Chemical (St Louis, MO) was 
conjugated to Biogel P-30 (Bio-Rad, Richmond, CA) using a 
modification of our previously described procedure.’ Carboxylation 
of Biogel P-30 was first performed by incubation of gel in 0.5 mol/L 
sodium carbonate and 0.5 mol/L sodium bicarbonate at pH 10.5 for 
two hours at 60°C. The gel was cooled, washed with phosphate 
buffered saline (PBS), and stored in PBS with 0.1% sodium azide at 
4°C. Activation of the carboxylated gel was accomplished with 
1-ethyl-3-(3-dimethyl-aminopropyl) carbodiimide (EDC-HC1). For 
avidin linkage 100 mL of carboxylated gel was incubated with 400 
mg EDC-HCI (4 ug EDC-HCI/mL gel) in a total volume of 500 mL 
distilled water at pH 5 for five minutes at room temperature. Ten 
milligrams avidin (100 ug avidin/mL gel) was then directly added to 
this mixture and the incubation continued for two hours. The 
efficiency of conjugation exceeded 98% as determined by measure- 
ment of protein concentration of this solution after incubation with 
the gel. Glycine at a final concentration of 0.2 mol/L was added to 
block unconjugated sites with a two-hour incubation, followed by 
washing with PBS and storage with 0.1% sodium azide at 4°C. The 
column containing avidin—Biogel was sterilized with ethylene oxide 
gas sterilization. Microbiologic cultures performed on small samples 
of eluate before and after column use demonstrated absence of 
bacteria or fungi in all experiments. 


Selection of la-positive Cells 


Cell preparation. For the first transplanted dog, C239, cells 
were obtained by Ficoll-Hypaque (specific gravity, 1.077; Pharma- 
cia, Piscataway, NJ) density gradient centrifugation at 900 g for 25 
minutes. However, subsequent in vitro studies demonstrated less 
nonspecific binding when a buffy coat marrow cell preparation 
rather than Ficoll-Hypaque-separated marrow cells were utilized in 
the avidin-biotin immunoadsorption procedure.’ All other dogs 
therefore had the cells obtained from a buffy coat preparation by 
centrifugation at 250 g for 15 minutes. 

Antibody treatment and column separation. Marrow cells at a 
concentration of 50 x 10° cells/mL were incubated in PBS with 2% 
bovine serum albumin (PBS/BSA) with 20 ug/mL McAb 7.2 for 30 
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minutes at 4°C. The cells were washed twice before and after 
incubation at an identical cell concentration in PBS/BSA with 1:100 
dilution of B-GAMIg for an additional 30 minutes at 4°C. The cells 
were adjusted to a concentration of 25 x 10° cells/mL in PBS/BSA 
and 1.5 to 2.0 x 10° cells passed over a Chromaflex (Kontes, 
Vineland, NJ) 15-cm x 2.5-cm column containing 25 mL avidin- 
Biogel at a flow rate of 20 mL/minute until a total volume of 150 to 
175 mL of eluate was collected. Approximately 50 mL of PBS was 
passed at the same flow rate through the gel to wash out BSA. The 
adherent cells were dislodged by mechanical agitation with a 10-mL 
pipette until 150 mL total volume had been collected. After a small 
sample of the recovered cells was obtained for immunofluorescence 
studies to determine the purity of the recovered cell population, the 
recovered Ia-enriched cells were resuspended in 20 to 30 mL. PBS 
and infused into the irradiated dog. Marrow preparation, antibody 
treatment, and column separation were carried out with sterile 
technique in a laminar airflow hood. The entire marrow separation 
procedure required approximately three hours from start to finish. 

Immunofluorescence studies. The enrichment of fa-positive 
cells was determined by immunofluorescence staining and FACS 
analysis. Briefly, 5 x 10° cells were treated with hemolytic buffer, 
washed twice, and then incubated with a 1:20 dilution of FITC- 
swine antigoat immunoglobulin in PBS/BSA with 0.1% sodium 
azide for 20 minutes at 4°C. The stained cells were washed twice and 
analyzed with a FACS IV and computer 440 (Becton Dickinson, 
Mountain View, CA). The starting and adsorbed cells labeled with 
McAb 7.2 and B-GAMIg were stained with FITC-swine antigoat 
immunoglobulin. As a negative control, the unlabeled marrow cells 
were stained with FITC—swine antigcat immunoglobulin or incu- 
bated successively with McAb 9E8 and B-GAM Ig and stained with 
FITC-swine antigoat immunoglobulin. The percentage ef la- 
positive cells was determined by subtracting cells labeled with the 
control reagents from the antibody-labeled starting and adsorbed 
cells. As an additional control in selected experiments, we demon- 
strated that neither the starting nor the adsorbed cells stained with 
FITC-swine immunoglobulin without antigoat reactivity. For 
immunophenotyping of transplanted dogs, samples of peripheral 
blood and bone marrow mononuclear cells were stained with the 
McAb (DT2, Ell, 7.2, DLYI, DLY6, or Thy!) and FITC--goat 
antimouse immunoglobulin and then subjected to FACS analysis 
using established methods.” 

Mitogenic assay and mixed lymphocyte reaction. These experi- 
ments were performed as previously described.''* In the mitogenic 
assay, 10° peripheral blood mononuclear cells (PBMC) were incu- 
bated in the presence (or absence) of 20 pg/mL concanavalin A 
(Con-A, Calbiochem, San Diego, CA) in Waymouth’s medium with 
20% heat-inactivated canine serum for three days at 37°C in a 
§%-CO, in-air incubator. In the mixed lymphocyte reaction (MLR), 
10° PBMC were cultured with 10° irradiated allogeneic (or autolo- 
gous) stimulator PBMC for six days at 37°C in a 5% CO,/air 
atmosphere. One microcurie of *H-thymidine (Amersham, Arling- 
ton Heights, IL) was added to each sample 16 hours before 
harvesting. Triplicate samples were harvested onto filter paper, 
placed in scintillation fluid, and counted in a scintillation counter. 


RESULTS 


Immunofluorescence Studies 


Figure | shows immunofluorescence staining with FITC- 
swine antigoat immunoglobulin and FACS analysis of mar- 
row cells (from dog BC128) treated with McAb 7.2 and 
B-GAMlg before (Start) and after adsorption onto avidin- 
Biogel (Adsorbed). The starting cell population was 15.0% 
la-positive, while the recovered adsorbed cells given to the 
dog were 85.0% la-positive. Further studies were performed 


ENGRAFTMENT OF la-POSITIVE MARROW CELLS IN DOGS 


Adsorbed 





Fluorescence 


Light Scatter 


Fig 1. Bone marrow cells from dog BC128 treated succes- 
sively with McAb 7.2 and B-GAMlg and passed over avidin—Biogel. 
Antibody-treated cells (Start) and recovered adherent cells (Ad- 
sorbed) stained with FiTC-swine antigoat immunoglobulin and 
subjected to FACS anatysis. 


to determine the type of cells present that were Ia-positive 
and Ia-negative in the recovered adsorbed cell population. 
FACS sorting and subsequent light microscopic examination 
of the adsorbed cell fraction demonstrated that the Ia- 
positive cells were predominantly mononuclear cells, while 
the nonspecifically bound la-negative cell fraction contained 
greater than 90% granulocytes. 


Marrow Transplants Using la-positive Cells 


A total of seven dogs was transplated with Ia-positive cells 
obtained using the avidin-biotin immunoadsorption proce- 
dure (Table 1). The first transplanted dog, C239, received 
cells obtained by Ficoll-Hypaque separation, treated succes- 
sively with McAb 7.2 and B-GAMIg, and passed over 
avidin—Biogel. From a starting cell population of 2.56 x 10° 
cells of which 14.8% were la-positive, we recovered 2.28 x 
10° adsorbed cells that were 69% la-positive. In the six other 
dogs, buffy coat preparations of dog marrow were obtained 
containing 2.4 to 7.0 x 10° cells that were 8.6% to 19.9% 
la-positive. These cells were treated successively with McAb 
7.2 and B-GAMIg and passed over avidin—Biogel. A total of 
1.15 to 6.68 x 10° adherent cells was recovered by mechani- 
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Post BMT Day 





rr aa e D S O- E: 
Iot Cells x 108/kg 


Fig 2. Rate of engraftment as measured by post-BMT day 
when absolute neutrophil count greater than 1,000/yul and plate- 
let count greater than 20,000/uL compared with number of 
infused la-positive ceils per kilogram. Values in brackets indicate 
dog receiving la-positive cells obtained from Ficoll-Hypaque— 
separated marrow. 


cal agitation of which 75.0% to 88.0% were la-positive by 
immunofluorescence staining and FACS analysis. The over- 
all recovery of the Ia-positive cells originally present in the 
starting cell population averaged 41.0 + 15.6% (range: 
25.0% to 62.8%). Infusion of the recovered cells into autolo- 
gous recipients conditioned with 9.2 Gy of whole body 
irradiation has produced hematopoietic reconstitution and 
long-term survival in six dogs. All these dogs developed 
completely normal hematological parameters that remained 
durable until the time of sacrifice 48+ to 195+ days after 
transplant. A seventh dog died at day 15 of overwhelming 
sepsis from a former intravenous shunt site with bone mar- 
row evidence of engraftment at autopsy. 

Slight delay in engraftment of granulocytes and platelets 
was observed in some of the dogs compared to historical 
control lethally irradiated dogs receiving unseparated autolo- 
gous marrow (Table 1). Figure 2 shows the relationship 
between the number of la-positive cells infused and rate of 
engraftment. Delay of platelet engraftment was observed 
when less than 15 x 10° Ia-positive cells/kg were given, 
while granulocyte engraftment was slowed when less than 


Table 1. Engraftment Data 

















Before Treatment After Treatment Post-BMT Day 
Total Cells x Total Celis x la* Celis x ANCt Plateletst Survivat§ 

Dog Total Cells* x 10°  % fa” 10° 10°/kg % la? 10°/kg >10"/pl. >20 x 10°/ul {days} 
C239 25.6 14.8 2.28 19.9 69.0 13.7 20 30 65+ 
BB259 26.5 8.6 1.86 23.2 75.0 17.4 15 16 484 
BC 125 24.0 11.2 1.93 9.9 87.5 8.7 13 33 63 4+ 
C234 29.4 18.0 2.22 19.0 77.0 14.6 — — 15 
C240 70.0 19.9 6.68 33.4 77.3 25.8 16 21 §3+ 
BC 125 25.0 15.0 1.16 5.9 88.0 5.2 22 30 7954+ 
BC123 27.1 14.5 1.15 7.2 85.0 6.1 18 29 1784+ 
Normal|| Unseparated (4.0 x 10°/kg) = — — 12 15 
in = 16) (8-14) (11-23) 





*Celis obtained from buffy coat preparation except dog C239, which received Ficoll-Hypaque separated cells. 


+Day after transplant when absolute neutrophil count greater than 10°/uL. 


{Day after transplant when platelet count greater than 20 x 10°/ul. 


§Dogs were sacrificed (except dog C234) at day post-BMT listed; dog C234 died at day 15 post-BMT from sepsis with bone marrow at autopsy 


showing trilineage engraftment. 


| Historical contro! dogs that were transplanted with a median of 4.0 x 10° marrow celis/kg with median and range of values for neutrophil and 


platelet engraftment. 
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Table 2. Mitogenic Response to Con-A of PBMC from 
Transplanted Dogs BC126 and BC128* 








Media Con-A Stimulation Index 
BC126 506 + 197 12,613 + 512 24.9 
BC128 256 + 140 24,294 + 1,766 94.9 
Control 163 + 60 6,539 + 939 40.1 





*PBMC from transplanted dogs BC126 and BC128 as well as a 
normal (control) dog were incubated in the presence or absence of Con-A 
(see Materials and Methods). Mean CPM of triplicate cultures are shown. 
A stimulation index was calculated as follows: cpm Con-A-stimulated 
PBMC/cpm media-incubated PBMC. 


10 x 10° La-positive cells were infused into dogs. However, 
the dogs who received lower numbers of Ia-positive cells also 
received less total cells, which may in itself be responsible for 
slow engraftment. The single dog receiving Ficoll-Hypaque- 
separated marrow cells appeared to have more delayed 
engraftment than the other dogs receiving comparable num- 
bers of buffy coat separated cells. 


Posttransplant Analyses of Dogs BC126 and BC128 


Histopathological studies and immunologic studies were 
performed on dogs BC126 and BC128 approximately 3 to 4 
months after BMT. Lymph node and bone marrow biopsies 
were normal in these dogs (data not shown). Normal T 
lymphocyte function was demonstrated by both in vitro and 
in vivo studies. Proliferative responses to the T lymphocyte 
mitogen, Con-A, were excellent (Table 2). Normal stimula- 
tion of peripheral lymphocytes by irradiated allogeneic cells 
in MLR was documented (Table 3). In vivo studies showed 
that the two dogs rejected skin grafts from allogeneic donors 
in 12 days (normal range: 11 to 14 days). Immunophenotyp- 
ing of peripheral blood and bone marrow revealed normal 
percentages of cells reactive with McAbs 7.2, DT2, Ell, 
DLY1, DLY6, and Thy! (data not shown). 


DISCUSSION 


We have previously shown with negative selection that 
canine stem cells express la antigens. In that study, dogs 
given lethal total body irradiation (9.2 Gy) and an autolo- 
gous marrow depleted of Ia-positive cells with McAb 7.2 and 
complement failed to engraft.* In contrast, Prendergast et al 
observed slow marrow recovery over a 2-month period in 
irradiated dogs receiving autologous marrow depleted of 
la-positive cells.” However, the dogs were treated with lower 


Table 3. Mixed Lymphocyte Reaction of PBMC from 
Transplanted Dogs BC126 and BC128*° 








Dog Autologous Allogeneic Stimulation index 
BC126 149 + 78 3,948 + 687 26.6 
Control 238 + 74 4,037 + 995 17.0 
BC128 774 + 54 5,011 + 912 6.5 
Control 602 + 134 10,320 + 1,082 17.1 





“PBMC from transplanted dogs BC126 and BC128 as well as from 
two normal (control) dogs cultured with autologous or irradiated allo- 
geneic PBMC (see Materials and Methods). Mean cpm of triplicate 
cultures are shown. A stimulation index was calculated as follows: cpm 
allogeneic stimulated PBMC/cpm autologous stimulated PBMC. 
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doses of radiation (5 Gy), suggesting that the slow hemato- 
logic improvement may be from endogenous recovery of host 
marrow rather than the la-depleted infused marrow. 

Because of the continued controversy regarding the 
expression of Ja-antigens on stem cells, we wished to conduct 
a study in which positively selected Ia-positive cells were 
transplanted into lethally irradiated dogs. Workers have 
previously been unable to perform this experiment because of 
the lack of a method to separate the large number of cells 
required for BMT. Although FACS sorting can provide 
relatively pure cell populations, its limited throughput makes 
it impractical for large-scale application.” The “panning” 
technique, in which cells are separated on plastic petri dishes 
coated with antibodies, produces variable yield and purity 
and is cumbersome to use for separating large numbers of 
cells.’ 

In the current study, we used avidin-biotin immunoad- 
sorption chromatography to purify la-positive cells using the 
same antibody (7.2) as previously employed for negative 
selection. This highly enriched population of la-positive cells 
was infused into seven lethally irradiated dogs. Sustained 
and complete marrow engraftment was observed in six out of 
seven transplanted dogs, while a seventh dog died from sepsis 
at day 15 post-BMT with histologic evidence of engraftment. 
Detailed studies of two dogs also documented recovery of 
normal immunologic function after transplanting la-positive 
cells. These data suggest that marrow stem cells responsible 
for hematologic and immunologic reconstitution express Ia 
antigens. 

Although dogs were transplanted with predominantly 
la-positive cells, it was also possible that contaminating 
la-negative cells infused into these dogs could be responsible 
for marrow engraftment. FACS sorting experiments of the 
recovered adherent cells showed that the nonspecifically 
bound Ia-negative cells consisted almost entirely of granulo- 
cytes. It thus seems unlikely that these infused la-negative 
cells represent pluripotent hematopoietic stem cells. How- 
ever, we cannot exclude the possibility that a subpopulation 
of the infused cells (la-positive or Ia-negative) played an 
accessory role in marrow engraftment. 

In humans, Ia-like antigens are found on committed 
hematopoietic progenitors cultured in semisolid medium, 
including early erythroid progenitor cells (BFU-E), late 
erythroid progenitor cells (CFU-E), granulocyte-macro- 
phage progenitor cells (CFU-GM), and multipotent progeni- 
tor cells giving rise to megakaryocytes as well as erythrocyte, 
granulocyte, and macrophage progenitor cells (CFU- 
GEMM).”°** More recently, it has become apparent that at 
least three subloci (HLA-DP, HLA-DQ, HLA-DR) exist 
within the HLA-D region.” Recent studies have detected 
some of these antigens (HLA-DP and HLA-DR) on both 
committed progenitors and potentially more primitive cells 
capable of sustaining marrow growth in long-term cul- 
ture.** Similar results have also been reported in the mouse 
using the CFU-S assay with I-E antigens (equivalent to 
human HLA-DR) detected on CFU-S and I-A antigens 
(equivalent to human HLA-DQ) lacking on these cells. 

The application of our results to human (or murine) 
hematopoietic stem cells must be done with caution. 


ENGRAFTMENT OF !a-POSITIVE MARROW CELLS IN DOGS 


Although McAb 7.2 has been shown to react with a similar 
bimolecular glycoprotein complex on both human and dog 
cells, the DLA-D region has not been well-characterized in 
dogs. Furthermore, the distribution of class IT antigens in 
dogs appears to differ somewhat from that reported for 
humans. Human Ia-antigens have been detected on B lym- 
phocytes, monocytes, and activated T lymphocytes, while 
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unstimulated as well as activated T lymphocytes, in addition 
to B lymphocytes and monocytes, express Ja-antigens in 
dogs.'? Despite these problems, the data in mice, humans, 
monkeys, and dogs are all consistent with the hypothesis that 
hematopoietic stem cells express class H antigens. It may be 
possible to use anti-la antibodies to specifically isolate hema- 
topoietic stem cells for human BMT. 


REFERENCES 


1. Shackelford DA, Kaufman JF, Korman AJ, Strominger JL: 
HLA-DR. antigens: Structure, separation of subpopulations, gene 
cloning and function. Immunol Rev 66:133, 1982 

2. Deeg HJ, Wulff JC, DeRose S, Sale GE, Braun M, Brown 
MA, Springmeyer SC, Martin PJ, Storb R: Unusual distributions of 
la-like antigens on canine lymphocytes. Immunogenetics 16:445, 
1982 

3. Haasen JA, Martin PJ, Nowinski RC: Monoclonal antibodies 
identifying a novel T-cell antigen and Ia antigens of human lympho- 
cytes, Immunogenetics 10:247, 1980 

4. Szer J, Deeg HJ, Appelbaum FR, Storb R: Failure of autolo- 
gous marrow reconstitution after cytolytic treatment of marrow with 
anti-la monoclonal antibody. Blood 65:819, 1985 

5. Basch RS, Berman JW, Lakow E: Cell separation using 
positive immunoselective techniques. J Immunol Methods 56:269. 
1983 

6. Berenson RJ, Bensinger WI, Kalamasz D, Martin P: Elimina- 
tion of Daudi lymphoblasts from human bone marrow using avidin- 
biotin immunoadsorption. Blood 67:509, 1986 

7. Berenson RJ, Bensinger WI, Kalamasz D: Positive selection of 
viable cell populations using avidin-biotin immunoadsorption. J 
Immuno: Methods 91:11, 1986 

8. Berenson RJ, Bensinger WI, Kalamasz D, Schuening F, Deeg 
HJ, Storb R: Avidin-biotin immunoadsorption: A technique to 
purify cells and its potential applications, in: Gale RP, Champlin R 
(eds); Recent Advances in Bone Marrow Transplantation, UCLA 
Symposia on Molecular and Cellular Biology (new series, vol. 53). 
New York, Liss, 1986 (in press) 

9. Sterb R, Rudolph RH, Kolb HJ, Graham TC, Mickelson E, 
Erickson V, Lerner KG, Kolb H, Thomas ED: Marrow grafts 
between DL-A—matched canine littermates. Transplantation 15:91, 
1973 

10. Thomas ED, LeBlond R, Graham T, Storb R: Marrow 
infusions in dogs given midlethal or lethal irradiation. Radiat Res 
41:113, 1970 

11. Siorb R, Weiden PL, Graham TC, Lerner KG, Nelson N, 
Thomas ED: Hemopoietic grafts between DLA identical canine 
littermates following dimethyl myleran. Evidence for resistance to 
grafts net associated with DLA and abrogated by antithymocyte 
serum. Transplantation 24:349, 1977 

12. Wulff JC, Deeg HJ, Storb R: A monoclonal antibody (DT-2) 
recognizing canine T lymphocytes. Transplantation 33:616, 1982 

13. Szer J, Deeg HJ, Severns E, Storb R: DLA-D-specific 
suppressor cells characterized by monoclonal antibodies. Transplan- 
tation 39:187, 1985 

14, Wulff JC, Durkopp N, Aprile J, Tsoi M-S, Springmeyer SC, 
Deeg H., Storb R: Two monoclonal antibodies (DLy-1 and DLy-6) 
directed against canine lymphocytes. Exp Hematol 10:609, 1982 

15. Aprile JA, Deeg HJ, Wulff JC, Raff RF: Purified canine 
monocytes fail to confer concanavalin-A responsiveness to accesso- 
ry-cell-depleted lymphocytes. Exp Hematol 12:45, 1984 

16. McKenzie JL, Fabre JW: Studies with a monoclonal! anti- 
body on the distribution of Thy-1 in the lymphoid and extracellular 
connective tissues of the dog. Transplantation 31:275, 1981 


17. Prendergast MM, Bradstock KF, Broomhead AF, Hughes 
WG, Kabral A, Berndt MC, Tiver K: Monoclonal antibody analysis 
of canine hemopoietic cells. Role of Ja-like and Thy-! antigens in 
bone marrow engraftment. Transplantation 41:565, 1986 

18. Loken MR, Stall AM: Flow cytometry as an analytical and 
preparative tool in immunology. J Immunol Methods 50:R85, 1982 

19. Wysocki LJ, Sato VL: “Panning” for lymphocytes: A method 
for cell selection. Proc Nat] Acad Sci USA 75:2844, 1978 

20. Lu L, Broxmeyer HE, Meyers PA, Moore MAS, Thaler HT: 
Association of cell cycle expression of la-like antigenic determinants 
on normal human multipotential (CFU-GEMM) and erythroid 
(BFU-E) progenitor cells with regulation in vitro by acidic isoferri- 
tins. Blood 61:250, 1983 

21. Pelus LM, Saletan S, Silver RT, Moore MAS: Expression of 
la-antigens on normal and chronic myeloid leukemic human granu- 
locyte-macrophage colony-forming cells (CFU-GM) is associated 
with the regulation of cell proliferation by prostaglandin E. Blood 
59:284, 1982 

22. Goldman JM, Hibbin J, Kearney L, Orchard K, Th’ng KH: 
HLA-DR monoclonal antibodies inhibit the proliferation of normal 
and chronic granulocytic leukaemia myeloid progenitor cells. Br J 
Haematol 52:411, 1982 

23. Fitchen JH, Foon KA, Cline MJ: The antigenic characteris- 
tics of hematopoietic stem cells. N Engl J Med 305:17, 1980 

24. Falkenburg JHF, Jansen J, van der Vaart-Duinkerken N, 
Veenhof WFJ, Blotkamp J, Goselink HM, Parlevliet J. van Rood JJ: 
Polymorphic and monomorphic HLA-DR determinants on human 
hematopoietic progenitor cells. Blood 63:1 125, 1984 

25. Nadler IM, Stashenko P, Hardy P, Tomaselli KJ, Yunis EJ, 
Schlossman SF, Pesando JM: Monoclonal antibody identifies a new 
la-like (p29) polymorphic system linked to the HLA-DR region. 
Nature 290:591, 1981 

26. Shaw S, Demars R, Schlossman SF, Smith PL, Lampson, 
Nadler LM: Serologic identification of the human secondary B cell 
(SB) antigens: Correlations between function, genetics, and struc- 
ture. J Exp Med 156:731, 1982 

27. Nadler LM, Stashenko P, Hardy R, Pesando JM, Yunis E, 
Schlossman SF: Monoclonal antibodies defining serologically dis- 
tinct HLA-D/DR related la-like antigens in man. Hum Immunol 
1:77, 1980 

28. Falkenburg JHF. van der Vaart-Duinkerken N, Veenhof 
WFJ, Goselink HM. van Eeden G, Parlevliet J, Jansen J: Comple- 
ment-dependent cytotoxicity in the analysis of antigenic determi- 
nants on human hematopoietic progenitor cells with HLA-DR as a 
model. Exp Hematol 12:817, 1984 

29. Katz FE, Davis L, Myers CD, Greaves MF: Selective expres- 
sion of class-H] MHC antigens during hemopoietic differentiation. 
Exp Hematol 13:1182., 1985 

30. Falkenburg JHF, Fibbe WE, Goselink HM, van Rood JJ, 
Jansen J: Human hematopoietic progenitor cells in long-term cul- 
tures express HLA-DR antigens and lack HLA-DQ antigens. J Exp 
Med 162:1359, 1985 





Receptor-Specific Inhibition of Bone Marrow Erythropeoiesis by Recombinant 
DNA- Derived Interleukin-2 


By Stefan E.G. Burdach and Lee J. Levitt 


Interleukin-2 (IL-2) induces differential secretion of lym- 
phokines by IL-2 receptor (IL-2R)—positive and IL-2R- 
negative T cells. We studied T cell IL-2R-—specific modula- 
tion of adult bone marrow erythropoiesis by recombinant 
IL-2 (riL-2). IL-2R were induced by CD3 T cell surface 
determinant-triggering and analyzed by cytofluorography. 
Bone marrow monocyte and T cell-depleted (NAB-T) tar- 
get cells were assessed for early erythroid progenitor 
expression (BFU-E) in the presence of 0 to 10° U/mL of 
riL-2. riL-2 had no significant effect on BFU-E expression in 
the absence of T cells or in the presence of IL-2R-negative 
T cells. rlL-2 caused a dose-dependent inhibition (75% to 
90%) of BFU-E in the presence of autologous IL-2R-positive 
T cells. The addition of anti-IL2-receptor antibody to 
cultures containing riL-2 plus IL-2R-positive T cells entirely 
abrogated riL-2-mediated inhibition of BFU-E. in the pres- 


XPERIMENTAL EVIDENCE indicates that T lym- 
phocytes and specific T-derived lymphokines play an 
important and complex role in the regulation of erythropoie- 
sis.'* The concept that lymphokines as identifiable proteins 
mediate specific regulatory functions provides a relevant 
approach for clarifying the physiology of hematopoietic 
immunoregulation. The availability of human lymphokines 
produced by recombinant gene technology enables further 
dissection of the regulatory mechanisms involved in cellular 
communication between the hematopoietic and immune 
systems. 

Interleukin-2 (IL-2) is a 15-kd glycoprotein produced by 
helper T lymphocytes in response to both antigen presenta- 
tion and stimulation with macrophage-derived interleukin- 
1.°!° IL-2 induces proliferation of both helper/inducer and 
suppressor /cytotoxic T cells with accompanying lymphokine 
release.” Human IL-2 has been biochemically character- 
ized and molecularly cloned and is known to be encoded by a 
single gene located on chromosome 4.'' Recombinant DNA- 
derived IL-2 (rIL-2) has recently been made available as a 
purified protein.” 
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ence of riL-2 (10° U/mL) production of interferon gamma 
(IF-gamma) by adult marrow CD3-triggered IL-2R—positive 
T cells was increasec 37- to 125-fold compared to IL- 
2R-negative T cells. rl--gamma caused a dose-dependent 
(88% + 17% at 10° U/mL) inhibition of adult BFU-E in the 
presence of CD3-triggered autologous T cells. riL2- 
mediated inhibition of aduit BFU-E in the presence of 
IL-2R-positive T cells was partially abrogated (52% + 16%) 
following addition of monospecific IF-gamma antibody. 
These results demonstrate (a) riL-2 modulation of adult 
marrow erythropoiesis is selectively dependent upon both 
the presence or absence of autologous T cells and the IL-2R 
status of these T cells: and (b) riL-2—induced inhibition of 
adult marrow erythropoiesis is mediated in part by release 
of IF-gamma from IL-2R-positive T cells. 

© 1987 by Grune & Stratton, inc. 


It has been established by several investigators that the 
response of T cells to IL-2 requires expression on the T cell 
surface of the 55-kd IL-2 receptor?!) Two monoclonal 
antibodies recognizing the same determinant have been 
raised against this IL-2 receptor (IL-2R) and have been 
termed anti~Tac-1'*'* and 2A3.'° This IL-2 receptor is 
induced by antigen presentation to the T cell recepter for 
antigen (T,/T; complex).”'”* Presentation of antigen to the 
T cell antigen receptor can be substituted by binding of 
anti-T, (CD3) monoclonal antibody” or lectins.” Following 
stimulation with antigen or lectin, T cells primarily express a 
low-density IL-2R.'%?! This receptor has a high affinity for 
IL-2 and has been thought to be responsible for mediating 
biologic effects of the lymphokine.”' In response to IL-2, T 
lymphocytes increase their 1L-2R expression,”’ express a 
low-affinity IL-2R” and release interferon gamma (IF- 
gamma). 23 

The precise regulatory role of IL-2 in hematopoiesis has 
not yet been determined. We studied modulation of adult 
marrow early erythroid progenitor (BFU-E) expression by 
IL-2R-positive and IL-2R-negative T cells in response to 
purified recombinant human IL-2 and purified human 
recombinant IF-gamma. Our results demonstrate that IL-2 
exerts a specific regulatory role on erythropoiesis in vitro, 
that IL-2 modulation of adult marrow erythropoiesis is 
selectively dependent upon both the presence of autologous T 
cells and the IL-2 receptor status of those T cells, and that 
{L-2-induced inhibition of adult early erythroid progenitors 
in the presence of IL-2R-positive T cells is mediated at least 
in part by IF-gamma. 


MATERIALS AND METHODS 


Recombinant DNA-derived lymphokines. Highly purified hu- 
man interleukin-2, derived from E coli transfected with human 
c-DNA,” was kindly provided by Drs Kirston Koths and Ed Bradley 
of Cetus Corporation, Emeryville, CA. Specific activity, as assessed 
by *H-thymidine incorporation into IL-2-dependent murine T cell 
lines, ranged from 4.2 to 6.0 x 10° U/g protein. The purity ef the 
preparations was 98% by either sodium dodecyl sulfate~polyacryl- 
amide gel electrophoresis (SDS-PAGE) densitometry or high- 
performance liquid chromatography (HPLC). An excipient centrol 
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was used as an IL-2 buffer control and contained all ingredients of 
the IL-2 formulation except IL-2. Human recombinant DNA- 
derived IF-gamma was produced in E coli following gene synthesis 
and transfection™ (AMGen, Thousand Oaks, CA). The material 
was >95% pure by SDS-PAGE densitometry. The endotoxin content 
of the lymphokine stocks and working solutions was assessed by 
limulus assay; endotoxin content was at all times negligible (<107"° 
g/mL). 

Cells and cell separation procedures. All studies were approved 
by the Stanford University Human Subjects Experimentation Com- 
mittee. Human bone marrow was obtained from normal adult 
donors. The low density (buoyant) mononuclear cell fraction was 
depleted of monocytes by two consecutive plastic adherence proce- 
dures as previously described.’ Residual monocyte contamination of 
NAB cells was assessed by indirect immunofluorescence with mono- 
clonal antibody Leu M3 and FITC-conjugated purified goat anti- 
mouse polyclonal IgG and was <1% . The adherent fraction was 
recovered at 4°C from the first adherence procedure.’ Indirect 
fluorescence immunophenotyping of the adherent fraction yielded 
62% to 77% of the cells positive with monocyte monoclonal antibody 
Leu M3, 12% to 34% positive with pan-B lymphocyte CD20 (B1, 
Coulter, Hialeah, FL) monoclonal antibody, and less than 1% 
positive with either pan-T lymphocyte CD3 (IgG, Leu 4) or pan- 
natural killer lymphocyte CD16 (Leu I 1c) monoclonal antibodies. 

The nonadherent buoyant (NAB) mononuclear cell fraction was 
further depleted of T cells by solid-phase indirect immunoabsorption 
as previcusly described.’ Nonbound (NAB-T) and bound (T) cells 
were recovered by differential elution at 4°C and 23°C, respectively. 
Residua! T lymphocyte contamination of NAB-T cells as assessed by 
indirect immunofluorescence following simultaneous incubation 
with anti-CD5 (Leu 1, provided by Dr R. Levy, Stanford Universi- 
ty}, anti-CD8 (Leu 2), and anti-CD4 (Leu 3) antibodies was less 
than 1%. Purity of the bound (T) fraction recovered from the 
first-step immunoabsorption procedure was 95% + 3% as assessed by 
a three-stage immunofluorescence assay employing anti-CD3 IgG 
(Leu 4), goat antimouse IgG, and rabbit antigoat [gG-FITC (fluo- 
rescein isothiocyanate conjugate). 

Induction of IL-2 receptor. Bone marrow mononuclear cells 
were depleted of monocytes to blunt endogenous IL-1 and subse- 
quent IL-2 production. Abrogation of endogenous IL-2 production 
was monitored by IL-2 bioassay. Nonadherent cells were incubated 
with CD3 monoclonal antibody (OKT3 IgG,,, 1.25 x 107 2/10° 
cells), which recognizes a determinant (CD3) on the T cell surface 
associated with the T cell receptor for antigen.'”'* Control cells were 
incubated with Leu I monoclonal antibody, which recognizes a 
determinant (CD5) distinct from the antigen receptor. CD3- 
triggered and CD5-triggered cells were cultured in 15% fetal calf 
serum in the presence or absence of 10° U/mL IL-2. At time 0 and 
after 1, 2, 4, 5, 6, and 8 days, cell samples from the four culture 
conditions (CD3 or CD5 incubations + rlL-2) were stained with 
OKT3-FITC and anti-IL-2 receptor 2A3 (IgG,, Becton Dickinson, 
Mountain View, CA) phycoerythrin antibodies. Lymphocyte-gated 
cells (1@° cells per sample) were analyzed with two-color flow 
cytometry on an Ortho (Raritan, NJ) fluorograph 2150. 

Functional assessment of IL-2 receptor blockade by anti-IL-2 
receptor monoclonal antibody. Bone marrow T cells were recov- 
ered from the bound fraction following indirect solid-phase immu- 
noabsorption with CD5 monoclonal antibody and incubated with 
anti-CD3 (OKT3) monoclonal antibody (1.25 x 1077 g/10° T cells) 
to induce surface expression of the IL-2R. Control T cells were 
incubated with anti-CD5 antibody. Both T cell populations, IL-2 
receptor~positive and IL-2 receptor~negative, were cultured in 
methylcellulose in duplicate in the absence or presence of various 
concentrations of recombinant IL-2 (10' to 10° U/mL). Culture 
conditions were identical to those of the clonal erythroid progenitor 
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assay. T cell proliferation at day 14 was assessed by enumeration of 
three to five fields at 10x magnification. employing an inverted 
microscope and a microcytometer. T cell proliferation was also 
assessed in the absence and presence of various concentrations of 
anti-IL-2 receptor monoclonal antibody. 

Recombinant IL-2 caused a consistent dose-dependent prolifera- 
tion of CD3-triggered T cells in methylcellulose culture, CD3- 
stimulated T cells increased from 43.5 + 16.5 per three microcytom- 
eter fields in the absence of rIL-2 to 457.5 + 2.5 in the presence of 
10° U/mL recombinant IL-2 after 12 days in culture. In contrast, 
CD5-triggered adult marrow T cells were 46.5 + 12.2 after 12 days 
of culture in the presence of 10° U/mL rIL-2. Anti-IL-2 receptor 
antibody (Tac-1, IgG,,, provided by Dr T. Waldmann, NIH, Bethes- 
da, MD) caused a consistent dose-dependent inhibition of recombi- 
nant IL-2 (10? U/mL)-induced T cell proliferation with complete 
abrogation at 10°° g/mL antibody. 

Assessment of IF-gamma release in response to ril-2. F- 
gamma was assessed by solid-phase radioimmunoassay (Centocor, 
Malvern, PA) in supernatants of CD5- or CD3-triggered T cell- 
containing marrow NAB cells (10°/mL) cultured in the presence 
and absence of 10? U/mL rIL-2. T cell content of NAB marrow 
fractions was assessed by indirect immunofluorescence with pan-T 
Leu 4 monoclonal antibody. IF-gamma secretion in response to 10° 
U/mL riL-2 was also assessed in the supernatants of purified 
CD3-triggered cultured marrow T cells (10° to 10°/mL). IF-gamma 
concentrations were assessed following three to nine days of target 
cell incubation at 37°C. 

Clonal progenitor assay. Bone marrow monocyte and T cell- 
depleted mononuclear target cells (NAB-T~-enriched progenitors) 
were cultured alone or cocultured with CD3-triggered autologous T 
cells. A selected lot of Mo conditioned medium (derived from a 
HTLV-I-infected T lymphoblast line, kindly provided by Drs J. 
Gasson and D. Golde, UCLA‘) pretested for IF-gamma and IL-2 
content was employed as a source of exogenous burst-promoting 
activity (BPA) and was added at a final concentration of 1%. The 
final concentration of IF-gamma and IL-2 in culture due to the 
addition of Mo-conditioned medium were <0.) U/mL. Cultures 
containing 0.25 U/mL purified human urinary erythropoietin (con- 
taining no detectable BPA; specific activity > 10° U/mg: Terry Fox 
Laboratories, Vancouver, BC)? 15% fetal calf serum, Iscove's 
modified Dulbecco’s medium, and 1.1% methylcellulose with and 
without exogenous BPA were established at a volume of 0.25 mL in 
cluster plates. Clonogenic progenitors giving rise to erythroid bursts 
(BFU-E) were enumerated at days 12 to 14 as previously described.” 
In control experiments serum concentrations from 0% to 30% and 
bovine albumin concentrations from 0% to 1% were studied in the 
absence and presence of exogenous erythroid burst-promoting activ- 
ity to facilitate detection of BPA. In the presence of 15% serum and 
no additional albumin the addition of 1% Mo conditioned medium 
increased BFU-E expression from 0 to 179 + 28 BFU-E per 1.5 x 
10° NAB-T marrow cells (p < 0.01). Higher concentrations of 
Mo-conditioned medium did not provide additional BPA. 

Marrow target cells were cultured at 1.5 x 10°/mL as derived 
from experiments assessing linearity of clonogenicity over varying 
target cell concentrations under optimal concentrations of BPA. The 
ratio for NAB-T:T was 1:0.2. Adherent cells were also cocultured at 
an NAB-T:adherent cell ratio of 1:0.2. 

Experimental design to assess lymphokine modulation of ery- 
throid progenitor expression. Erythropoietic progenitor expres- 
sion in the presence of 0 to 10° U/mL recombinant DNA~derived 
IL-2 was studied in the absence of T lymphocytes, in the presence of 
CD3-triggered (IL-2 receptor—positive) autologous T cells, and in 
the presence of control CD5-triggered (11-2 receptor~negative) 
autologous T cells to assess T cell and IL-2 receptor~dependent and 
~independent modulation of progenitor expression by IL-2. Progeni- 
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tor expression under the various concentrations of rlL-2 in each of 
these three coculture conditions was compared to an internal control 
containing the excipient control and the identical autologous T cell 
population. These experiments were performed in the absence and 
presence of exogenous BPA to assess the interaction between BPA 
and IL-2. With the limited serum content employed in our system, 
marrow BFU-E could be cloned only in the presence of exogenous 
Mo-derived BPA or in the presence of albumin. In control experi- 
ments T cells under identical culture conditions were shown either to 
consistently express (CD3-triggered cells) or not express (CDS5- 
triggered cells) the IL-2 receptor. 

Experiments with rIL-2 and IL-2 receptor—positive autologous T 
cells were also performed in the presence of an IL-2 receptor- 
blocking antibody. These experiments were designed to assess 
whether the effects of IL-2 on BFU-E that are observed in the 
presence of IL-2 receptor~positive T cells can be abrogated by 
blocking the IL-2 receptor on interleukin receptor—positive T cells. 
Results were compared with internal controls containing IL-2 recep- 
tor~positive T cells and anti- IL-2 receptor antibody but no recombi- 
nant IL-2. The results of control experiments, in which we assessed T 
cell proliferation under culture conditions identical to those in our 
clonal progenitor assay, indicated that the IL-2 receptor antibody 
effectively blocked rIL-2-mediated proliferation of IL-2 receptor- 
positive T cells and also indicated the concentration of antibody 
required to block the effects of rIL-2 on IL-2 receptor—positive T 
cells. 

To assess the effects of IF-gamma on adult erythropoiesis, adult 
marrow progenitor expression under concentrations of recombinant 
DNA-derived IF-gamma ranging from 0 to 10° U/mL was studied 
in the absence of monocytes and T cells, in the presence of autolo- 
gous non-CD3-stimulated F cells, in the presence of both autologous 
non—-CD3-stimulated T cells and adherent cells, and in the presence 
of autologous CD3-stimulated T cells alone. Progenitor expression in 
the presence of IF-gamma under each of these four coculture 
conditions was compared to an internal control containing the 
identical autologous accessory cell and target cell populations plus 
the recombinant IF-gamma diluent. These experiments were 
designed to elucidate the contribution of T cells, of adherent cells 
(antigen-presenting cells), and the triggering of the T cell antigen 
receptor in modulating IF-gamma effects on erythropoiesis. 

Finally, we asked whether the effects of IL-2, on erythroid 
progenitor growth in the presence of autologous IL-2 receptor— 
positive T cells, are mediated either directly or indirectly by release 
of IF-gamma from IL-2R~—positive T cells in response to rIL-2. For 
this purpose, erythroid progenitor expression was studied in the 
presence of both recombinant interleukin-2 and autologous interleu- 
kin-2 receptor—positive T cells, and in the absence or presence of 
various concentrations of anti-IF-gamma monoclonal antibody. 
These results were compared to internal controls containing IL-2 
receptor--positive T cells and anti-[F-gamma antibody but without 
recombinant IL-2. 

Anti-IF-gamma monoclonal antibody 45/6 (1gG,) was pretested 
against natural IF-gamma and the recombinant IF-gamma prepara- 
tion utilized in these studies (Meloy, Springfield, VA). In suspension 
6.6 x 10°? g of this antibody was capable of neutralizing 1 unit of 
synthetic or natural [F-gamma as assessed by solid-phase radioim- 
munoassay. In semisolid medium (methylcellulose) an increase of 
antibody concentration of up to 1 log, relative to suspension culture, 
was required for neutralization. The IF-gamma antibody did not 
cross-react with human alpha and beta interferons. 

All coculture experiments were performed with autologous mono- 
nuclear cells. 

Statistics. Results are expressed as mean + standard error of 
the mean unless otherwise indicated. The two-sample unpaired 
Student's ¢ test and, when appropriate, the Student’s / test for paired 
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Fig 1. induction of IL-2 receptor as assessed by cytofluorogra- 


phy with phycoerythrin-conjugated IL-2 receptor (IL-2R) antibody. 
Tecos CD3-triggered cells; Tops. CD5-triggered cells; both CD3- and 
CD5-triggered cells were cultured in the absence and presence of 
10? U/mL riL-2. Each value represents the mean of three separate 
experiments. 10° gated lymphocytes were analyzed per sample. 


observations were used in statistical analysis.” All probability values 
for testing inhibition or stimulation were determined for a one-tailed 
distribution. 


RESULTS 


Induction of IL-2 receptor. Figure | depicts the kinetics 
of IL-2 receptor expression on adult bone marrow lympho- 
cytes. In the presence of CD3-triggering antibody, lympho- 
cytes continue to express IL-2 receptors for at least | week. 
Without CD3-triggering, no significant IL-2 receptor 
expression was observed. The addition of 10? U/mL rIL-2 to 
CD3-triggered but not to CD5-triggered T lymphocytes 
significantly increased both the percentage and the fluores- 
cence intensity (data not shown) of IL-2 receptor—positive 
cells (P < 0.01). Since the intensity of fluorescence is 
proportional to the amount of antibody bound per cell, the 
increase in IL-2—receptor antibody fluorescence represents 
increased density of antibody binding sites per cell. 

Modulation of early erythroid progenitor expression by 
riL-2. Adult marrow erythroid progenitors grown in the 
presence of Mo conditioned medium were inhibited by rlL-2 
only in the presence of autologous CD3-triggered marrow T 
cells (Fig 2). Compared to control cultures grown in the 
absence of r[L-2 but containing IL-2 receptor--positive T 
cells (126 + 32 BFU-E per 1.5 x 10° NAB-T), the addition 
of 10 U/mL rIL-2 caused a 30% decrease, 10? U/mL. rfL-2 
caused an 86% decrease (p < 0.01), and 10° U/mL caused a 
75% decrease (p < 0.01) in BFU-E (n = 5). riL-2 had little 
stimulatory effect on adult marrow BFU-E in the presence of 
IL-2 receptor-negative marrow T cells (Fig 2). Adult mar- 
row BFU-E could not be grown in the low serum assay 
employed in these studies in the absence of Mo conditioned 
medium. The addition of IL-2 receptor—negative cells plus 
riL-2 did not induce BFU-E expression in the absence of Mo 
conditioned medium (n = 3). Serum albumin was added to 
cultures in subsequent experiments to overcome these growth 
restraints (n = 4). Under these conditions and in the absence 
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Fig 2. Effect of riL-2 on early erythroid progenitor expression 
(BFU-E) fron nonadherent buoyant T-depleted (NAB-T) adult bone 
marrow cells cultured in the presence of Mo-conditioned medium 
as a source of exogenous BPA, and in the-absence or presence of 
CDS-triggered (IL-2R-neg) and CD3-triggered (IL-2R-pos) T cells. 
Abscissa: final concentration of riL-2 in culture. Ordinate: differ- 
ence in absolute BFU-E numbers between ril-2-containing cul- 
tures and control cultures. NAB-T celis were cultured at 1.5 x 
10°/mL. The ratio of NAB-T:T was 1:0.2. All BFU-E are expressed 
per 1.5 x 10° NAB-T. BFU-E controls and probability values for 
inhibition or stimulation were: 169 + 63 (NAB-T, n = 5), 185 + 65 
(NAB-T plus Toos n = 4), 126 + 31 (NAB-T plus Tesa n = 5}: p < 
0.01 at 10° and 10° U/mL riL-2. Values represent mean + SEM 
from four to five separate experiments. 


of Mo conditioned medium, rIL in the presence of IL- 
2R-positive T cells (control: 185 + 52/1.5 x 10° NAB-T) 
again caused a dose-dependent inhibition of BFU-E with 
72% + 13% inhibition (p < 0.05) at 10 U/mL rIL-2, 94% + 
5% inhibition (p < 0.02) at 10° U/mL, and 96% + 4% 
inhibition (p < 0.02) at 10° U/mL. In the presence of 
IL-2R~negative cells (control: 233 + 52) as well as in the 
absence of T cells (control: 207 + 42) riL2 again did not 
significantly affect BFU-E growth (80% to 95% of control at 
10? U/mL rIL2). Thus, inhibition of BFU-E by rIL2 in the 
presence of IL2 receptor—positive T cells was demonstrated 
in both the presence and absence of Mo conditioned 
medium-derived BPA. 

Reversal of rlL-2—mediated inhibition of erythropoiesis 
by anti-IL-2 receptor antibody. Inhibition of BFU-E by 
riL-2 in the presence of IL-2 receptor—positive T cells was 
reversed by anti~IL-2 receptor antibody in a dose-dependent 
manner (Fig 3). Marrow erythroid progenitors, grown in the 
presence of 10° U/mL rIL-2 and autologous IL-2 receptor- 
positive T cells, increased from 8% + 8% of control BFU-E in 
the absence of anti-IL-2 receptor antibody to 101% + 27% of 
control BFU-E at 10° ng/mL anti-IL-2 receptor antibody 
(n = 3). 
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Fig 3. Effect of IL-2 receptor (IL-2R) antibody on IL-2 recep- 
tor—positive T cell-mediated inhibition of early erythroid progeni- 
tors (BFU-E) by ril-2. Ratio of NAB-T:T was 1.0:0.2. Abscissa: final 
concentration of anti-IL-2 receptor antibody in culture. Ordinate: 
ratio of BFU-E in the presence of 107 U/mi riL-2, pius IL- 
2R-positive T cells pius IL-2R antibody to BFU-E control in the 
absence of riL2, but in the presence of IL-2R-positive T celis plus 
IL-2R antibody. BFU-E control per 1.5 x 10°NAB-T were: 124 = 10 
(adult marrow, n = 3). Values represent mean + SEM. 


riL-2-mediated secretion of IF-gamma. We studied IF- 
gamma production by CD3-triggered (1L-2R—positive) and 
CD5-triggered (IL-2R-negative) purified marrow T cells, 
and by marrow NAB cells containing IL-2R-positive or 
IL-2R—negative T cells. IF-gamma release in the presence of 
10? U/mL rIL-2 by 10°/mL marrow NAB cells containing 
IL-2R-positive T cells ranged between 190 and 420 U/mL. 
In contrast, [F-gamma release by 10°/mL marrow NAB 
cells containing IL-2R—negative T cells was only 1.5 to 11.5 
U/mL in the presence of 10? U/mL rIL-2 and was 0.2 to 0.5 
U/mL in the absence of rlL-2. When purified marrow 
IL-2R-positive T cells were assessed separately, [F-gamma 
production in the presence of 10° U/mL rIL-2 was 17 to 50 
U/mL at 10‘ T cells per mL and 330 to 480 U/mL at 10° T 
cells per mL. 

Inhibition of early erythroid progenitor expression by 
recombinant IF-gamma. Since IL-2 receptor—positive T 
cells release IF-gamma in response to IL-2, we studied the 
effects of IF-gamma on erythropoiesis and assessed its 
interaction with rIL-2 in our culture systems. Significant 
inhibition of marrow erythropoiesis by recombinant IF- 
gamma (rIF-gamma) required the presence of either CD3- 
triggered T cells alone or both CD3 nontriggered T cells plus 
autologous adherent cells (Table 1). Compared to control 
cultures grown in the absence of rlF-gamma but containing 
CD3-triggered T cells without monocytes (160 + 26 BFU-E 
per 1.5 x 10° NAB-T target cells), the addition of 10? U/mL 
rlF-gamma caused a 48% decrease in BFU-E and the 
addition of 10° U/mL caused an 83% decrease (p < 0.01) 
(n = 3). In contrast, only minimal inhibition (12% to 20%) of 
BFU-E by 10° to 10° U/mL rlF-gamma was observed in the 
presence of CD5-triggered T cells alone (n = 3). However, if 
both CD5-triggered T cells plus autologous adherent cells 
were present in culture, 10? U/mL rlF-gamma caused a 47% 
decrease and 10° U/mL caused a 66% decrease in BFU-E 
(p < 0.01). No significant inhibition of BFU-E by riF- 
gamma was demonstrable in the absence of both monocytes 
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Table 1. Effect of riF-Gamma on Adult 
Bone Marrow Erythropoiesis 
T Cells 
(Triggered Adherent rif-gamma 
Determinant) Celis {U/mL} BFU-E/1.5 x 10° NAB-T 
S 2 0 300 + 51 
4 -= 10 270 + 48 
= — 10? 246+8 
= = 10° 250 + 57 
Teng 2 0 294 + 76 
T 10 NT 
Tece E 10? 214 + 20 
Teos - 10° 228 + 16 
2 + 0 266 + 58 
~ + 10 NT 
- + 10? 262 + 38 
~ + 10° NT 
Tens + 0 272 + 28 
Tes + 10 196 +0 
Tene + 10? 136 + 34 
Tops + 10° 72 + 22 
Fess = (0 185 + 15 
Tæ ~ 10 NT 
Tep = 10? 7028 
Tess = 10° 8+7 





Data from a representative experiment: Early erythroid progenitors 
(BFU-E) were scored at day 14. Mo-conditioned medium was used as a 
source of exogenous BPA in all experiments. Nonadherent buoyant 
T~depleted target cells (NAB-T) were cultured in duplicate in the absence 
or presence of either CD3-triggered or CD5-triggered T cells alone or in 
the presence of CD5-triggered T celis plus adherent cells. The ratio 
NAB-T:T was 1:0.2 and the final concentration of NAB-T in culture was 
1.5 x 10° per mL. BFU-E expressed as mean SD; NT, not tested: 
riF-gamma, recombinant DNA~derived interferon-gamma. 


and T cells. rlF-gamma-mediated inhibition of erythropoie- 
sis was entirely abrogated by the simultaneous or prior 
addition to culture of 6.6 x 10% g/mL anti-IF-gamma 
antibody (data not shown). 

Abrogation of rlL-2-mediated inhibition of BFU-E by 
IF-gamma_ antibody. We next asked whether rIL-2- 
mediated inhibition of BFU-E is mediated by release of 
IF-gamma from autologous IL-2 receptor—positive T cells. 
BFU-E expression was assessed in the presence of rIL-2, 
IL-2 receptor—positive T cells, and anti-IF-gamma antibody 
(0 to 6.6 x 10°* g/mL) (Fig 4). BFU-E in the presence of 
CD3-triggered T cells and 10’? U/mL rIL-2 showed a 
dose-dependent increase from 6% + 5% of control (180 + 25 
BFU-E) in the absence of anti-IF-gamma antibody to 
52% + 16% of control at 6.6 x 107° g/mL anti-IF-gamma 
antibody (p < 0.01) (n = 3). Control cultures in this set of 
experiments contained the same autologous CD3-triggered T 
cells plus the appropriate concentration of anti-IF-gamma 
antibody but no r[L-2. No substantial further augmentation 
in BFU-E was observed with concentrations of anti-IF- 
gamma antibody greater than 6.6 x 10°° g/mL. BFU-E 
reconstituted in the presence of autologous CD3-triggered T 
cells plus rIL-2 and anti-IF-gamma antibody were smaller in 
size and less well hemoglobinized than control marrow 
BFU-E grown in the absence of IL-2. 
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Fig 4. Abrogation of recombinant IL-2 {riL-2)-mediated inhibi- 
tion of marrow erythropoiesis by IF-gamma monoclonal antibody. 
Abscissa: final concentration of IF-gamma antibody in culture. 
Ordinate: erythroid progenitors grown in the presence of IL-2 
receptor—positive T cells, 10? U/ml. riL-2 and various concentra- 
tions of IF-gamma antibody compared to a control cultured under 
identical conditions except for the absence of riL-2. Values repre- 
sent the mean + SEM from three separate experiments. Control 
BFU-E: 180 + 25 per 1.5 x 10° NAB-T/mlL in the absence of riL-2 
and the presence of CD3-triggered T cells plus anti-IF-gamma 
antibody. 


DISCUSSION 


Our results demonstrate that (a) IL-2 receptors can be 
expressed on adult marrow nonadherent mononuclear cells 
by triggering the CD3 determinant on the T cell surface 
associated with the T cell receptor for antigen: (b) IL-2 does 
not significantly alter adult erythroid progenitor expression 
in the absence of T cells: (c) in the presence of CD3-triggered 
(IL-2-positive) autologous T cells, recombinant DNA- 
derived IL-2 is a potent dose-dependent inhibitor of human 
adult in vitro erythropoiesis; (d) blocking of the T cell IL-2 
receptor abrogates the effects of IL-2 that are observed in the 
presence of IL-2 receptor—positive T cells; and (e} IL- 
2-induced inhibition of marrow erythropoiesis in the pres- 
ence of IL-2 receptor—positive T cells is mediated, at least in 
part, by IF-gamma. 

The assessment of possible differential regulatory effects 
of rIL-2, utilizing IL-2 receptor—positive and IL-2 receptor- 
negative T cells, optimally requires an assay system in which 
endogenous IL-2 production is blunted and in which IL-2 
receptor expression can be induced independently of IL-2 
production. To abrogate endogenous IL-1 release and subse- 
quent IL-2 production, we depleted our target mononuclear 
cell fractions of monocytes by sequential adherence, yielding 
less than 1% monocyte contamination in the adherence- 
depleted fractions. Following monocyte depletion, endoge- 
nous IL-2 production (assessed by IL-2 bioassay) was 
blocked and T cell proliferation (as assessed by both prolifer- 
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ation in culture and by flow cytometric blast analysis of cell 
size and granularity [data not shown]), could be detected 
only following the addition of exogenous IL-2. Utilizing 
these assay conditions we have demonstrated an unequivocal 
increase in IL-2 receptor—expressing bone marrow lympho- 
cytes by triggering a T cell antigen receptor-associated 
surface determinant with CD3 monoclonal antibody. These 
findings demonstrate that IL-2 receptor expression can occur 
in the absence of IL-2 production. 

Previous studies utilizing fresh peripheral blood lympho- 
cytes or peripheral blood-derived ({monocyte-free) T cell 
clones have also suggested that IL-2 production and IL-2 
receptor expression may occur independently.” In addi- 
tion, sequential nuclear “runoff” experiments with lectin- 
activated lymphocyte populations have demonstrated that 
gene transcription for the IL-2 receptor precedes gene tran- 
scription for the ligand, and that IL-2 receptor mRNA can 
be induced independently of de novo IL-2 protein synthesis.” 
As demonstrated in our studies utilizing marrow lympho- 
cytes and as previously demonstrated by others using adult 
peripheral blood mononuclear cells,”' the addition of IL-2 
increases expression of its own receptor. This secondarily 
induced receptor is distributed at high surface density and 
displays low affinity for IL-2; in contrast, the primarily 
induced receptor, which is expressed in the absence of IL-2, 
is distributed at low density on the cell surface and displays 
high affinity for the IL-2 ligand.” These observations, in 
toto, are most consistent with the hypothesis that expression 
of the primarily induced high-affinity IL-2 receptor is 
related to antigen presentation to T cells, whereas physio- 
logic IL-2 production and subsequent T cell proliferation is 
more closely associated with the presence of (IL-1—produc- 
ing) monocytes. 

Inhibition of BFU-E by rIL-2 in the presence of IL-2 
receptor—positive T cells was observed in the presence and 
absence of exogenous BPA (Mo conditioned medium). The 
inability of optimal amounts of exogenous BPA to overcome 
the inhibitory effects of rIL-2 on BFU-E in the presence of 
IL-2 receptor—positive T cells suggests that inhibition of 
BPA release is not the mechanism of r1L-2—mediated inhibi- 
tion of erythroid progenitor expression. In addition, synergy 
or additive effects between IL-2 and other lymphokines 
present in Mo conditioned medium cannot account for the 
observed inhibitory effects of IL-2, since inhibition of ery- 
thropoiesis by IL-2 was observed in the absence of Mo 
conditioned medium. 

As we have demonstrated, bone marrow IL-2 receptor- 
positive T cells release IF-gamma in response to IL-2. 
IF-gamma can inhibit in vitro erythropoiesis.” The role of 
accessory cells in mediating this effect, however, remains 
controversial? and the role of specific T cell antigen 
receptor triggering in mediating IF-gamma effects on 
erythropoiesis has not been previously assessed. We have 
demonstrated that adult marrow erythroid progenitors are 
inhibited by IF-gamma in the presence of both monocytes 
and T lymphocytes. No significant inhibition of erythroid 
progenitor expression was observed in the absence of both T 
cells and monocytes. Minimal inhibition of erythropoiesis by 
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IF-gamma was observed with nonactivated autologous T 
cells in the absence of monocytes. In contrast, significant 
inhibition of BFU-E by IF-gamma was seen with CD3- 
triggered T cells in the absence of monocytes. These data 
suggest that triggering the T cell receptor for antigen 
obviates the requirement for monocytes during IF-gamma— 
mediated inhibition of early erythroid progenitors. Little is 
known about the differential expression of IF-gamma recep- 
tors on resting and antigen-triggered T lymphocytes. We 
hypothesize that triggering of the T cell antigen receptor, 
either by antigen-presenting cells such as monocytes or by 
anti-CD3 monoclonal antibody, renders T lymphocytes more 
responsive to the erythropoietic inhibitory activity of IF- 
gamma. 

Synergy in inhibition of erythropoiesis between [F-gamma 
and other lymphokines (eg, IF-alpha™ or tumor necrosis 
factor-beta”) has been demonstrated. Concomitant produc- 
tion of synergizing inhibitors of erythropoiesis (eg. tumor 
necrosis factor-beta and IF-gamma) by IL-2 receptor- 
positive T cells in response to IL-2 may account for the 
difference between the amount of riF-gamma (10 U/mL) 
required for erythropoietic inhibition in the absence of r1L-2 
and the amount of natural [F-gamma (approximately 10? 
U/mL) released by IL-2 receptor—positive T cells in response 
to rIL-2. 

In addition to IF-gamma release by [L-2R-positive T cells 
in response to rIL-2, we observed that rlL.-2—mediated 
inhibition of erythropoiesis in the presence of IL-2 receptor- 
positive autologous T cells can be partially abrogated by 
monospecific anti-[F-gamma antibody. Fifty-two percent of 
the erythroid inhibition caused by 10? U/mL riL-2 was 
neutralized by adding an excess of anti-IF-gamma antibody. 
Our results provide evidence that release of natural IF- 
gamma, as a consequence of rIL-2 stimulation of [L-2R~ 
positive T cells, plays a role in mediating rlL-2-induced 
inhibition of adult marrow erythropoiesis. Less than com- 
plete restoration of BFU-E colony growth by anti-IF- 
gamma antibody, however, with respect to both colony 
number and colony size, suggests that in addition to IF- 
gamma, either an additional lymphokine or a cellular sup- 
pressive mechanism also participates in r1L-2~induced inhi- 
bition of erythropoiesis. In addition to IF-gamma, [L-2R- 
positive T cells produce a variety of other lymphokines 
following stimulation by IL-2, eg, tumor necrosis factor- 
beta/lymphotoxin.” Tumor necrosis factor-beta has had 
demonstrable inhibitory activity against in vitro erythropoie- 
sis in preliminary studies.” 

In addition to a regulatory role in normal erythropoiesis, 
activated T cells and T cell-derived lymphokines*** have 
been casually implicated in various instances of bone marrow 
failure. [F-gamma, in particular, has been associated with 
the pathogenesis of aplastic anemia® and with the pathogen- 
esis of red cell aplasia in the T-gamma lymphoproliferative 
disease syndrome.” A sustained pancytopenia has also been 
observed following IF-gamma treatment of a well-differen- 
tiated lymphocytic lymphoma. Our data suggest that in 
addition to its effect on IF-gamma release, IL-2 in the 
presence of antigen-triggered T cells may directly or indi- 
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rectly exert a separate inhibitory effect on erythropoiesis. 
IL-2 production, following lectin stimulation of in vitro T 
cells, was increased 100% to 900% over normal controls in 12 
of 17 patients with aplastic anemia.” In the same study, 11 of 
15 patients with aplastic anemia possessed circulating T cells 
bearing the IL-2 receptor, whereas circulating T cells 
derived from multiply transfused control patients did not 
express the IL-2R in the absence of exogenous lectin stimula- 
tion. The role of IL-2 in the pathogenesis of primary and 
secondary bone marrow failure deserves further study. 

Our experiments may also bear on current clinical trials 
using rIL-2 in the treatment of cancer patients and patients 
with the acquired immunodeficiency syndrome. Infusion of 
rIL-2 in human subjects for 2 to 3 weeks in one study was 
associated with severe anemia requiring transfusion in 24 of 
25 cases.” No evidence for accelerated red blood cell 
destruction was observed in this study. Treatment with rIL-2 
has been associated with an increase in serum levels of 
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IF-gamma following both continuous infusions and bolus 
injections of rIL-2.% Activated IL-2 receptor-bearing T cells, 
constituting up to 25% of circulating peripheral blood mono- 
nuclear cells, have alsc been observed in patients following 
infusion of rlL-2“ and may in part mediate the observed 
inhibitory effects of riL-2 on in vivo erythropoiesis. The 
effects of rIL-2 we have observed on in vitro erythropoiesis 
suggest that the anemia observed in patients treated with 
rIL-2 may be due, at least in part. to a specific biological 
effect of IL-2 on red ce‘! production. 
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Genetic Expression of Adenosine Deaminase in Human Lymphoid Malignancies 


By T. Eng Gan, Peter E. Dadonna, and Beverly S. Mitchell 


Adenosine deaminase (ADA) is an enzyme in the purine 
catabolic pathway that has been used as an enzymatic 
marker of T cell lymphoblastic malignancies due to its high 
specific activity in thymocytes and immature T calls. We 
have investigated whether the level of ADA activity in 
lymphoid leukemic cells correlates with the amount of 
ADA-specific RNA and/or immunoreactive protein in these 
cells as an initial step toward characterizing the nature of 
the genetic regulation of ADA expression during differen- 
tiation. We have found a good correlation between the 
steady state levels of ADA-specific RNA and ADA-immuno- 
reactive protein in T lymphoblastic teukemic cell lines, 
mature T cell lines, a B lymphoblast ceil line, and leukemic 


DENOSINE DEAMINASE (ADA; EC 3.5.4.4), a 

catabolic enzyme in the purine metabolic pathway, 
catalyzes the irreversible conversion of adenosine and 7- 
deoxyadenosine to inosine and 2’-deoxyinosine, respectively. 
The association of ADA deficiency and severe combined 
immunodeficiency disease in humans'” has spurred consider- 
able interest in the examination of this enzyme in human 
leukemias and lymphomas.** Although ADA is a ubiquitous 
mammalian enzyme, its levels vary by over 50-fold in a 
tissue-specific manner.°* The highest levels of activity have 
been found in T lymphoblasts and ADA has thus been 
utilized as a marker of T cell malignancies.** ADA activity 
decreases markedly during T cell maturation,®’ while nor- 
mal peripheral blood B cells and chronic lymphocytic leu- 
kemic cells have ADA activity that is severalfold lower than 
the activity in mature peripheral blood T cells.* It has been 
reported that the ADA enzyme activity found in acute 
lymphoblastic leukemic cells has similar biochemical and 
kinetic properties to ADA enzyme activity in normal periph- 
eral blood lymphocytes,’ implying that the alterations in 
ADA-specific activity in these disorders are due to altera- 
tions in the amount of ADA protein. However, the precise 
mechanism governing the differential expression of ADA 
activity in normal and malignant lymphoid cells is poorly 
understood. We have therefore investigated the expression of 
ADA at both the RNA and protein level in human lympho- 
cytic leukemic cells to determine whether the specific activ- 
ity of this enzyme directly correlates with changes in either 
or both of these parameters. 





From the Departments of Internal Medicine and Biological 
Chemistry, University of Michigan, Ann Arbar. 

Submitted April 4, 1985; accepted December 1, 1986. 

Supported by a grant from the Children’s Leukemia Foundation 
of Michigan and NIH grant | ROI A124012. Dr Mitchell is the 
recipient of a Scholar Award from the Leukemia Society of 
America. 

Address reprint requests to Beverly S. Mitchell, MD, SSIOE 
Medical Science Research Buiiding, 1150 West Medical Center Dr, 
Ann Arbor, Mi 48109. 

© 1987 by Grune & Stratton. Ine. 

0006-497 1 /87/6905-00 143 3.00/0 


1376 


cells directly isolated from four patients with acute lym- 
phoblastic leukemia and three patients with chronic lym- 
phocytic leukemia. Southern blot analysis of DNA from 
these cells shows no evidence for differences in ADA gene 
copy number or gene rearrangement to account for the 
variability in ADA expression. We conclude that levels of 
ADA in lymphoid leukemic cells are directly related to the 
amount of ADA-specific mRNA present. These findings 
imply that ADA expression in leukemic cells reflects either 
the transcriptional activity of the ADA gene or the stability 
of ADA mRNA in these cells. 

® 1987 by Grune & Stratton, Inc. 


MATERIALS AND METHODS 


Agarose, formamide, endonuclease restriction enzymes, nick- 
translation kits, guanidinium isothiocynate, cesium chloride, and 
phenol were purchased from Bethesda Research Laboratories, 
Bethesda, MD. [* P]dCTP, ['*!]Protein A and ['*C]adenosine were 
purchased from New England Nuclear, Boston, MA. All other 
chemicals of analytical grades were purchased from Sigma Chemi- 
cal, St Louis. 

Cells. Cells from three acute T cell lymphoblastic leakemia 
(T-ALL) cell lines (MOLT 4, MOLT 3, and RPMI 8402), two 
mature cutaneous F cell leukemia (T~CTCL) cell lines (Hut 78 and 
Hut 102), and one normal B cell line (GM 558) were studied. The 
cell lines MOLT-4, MOLT-3, RPMI 8402, and GM 558 were 
obtained from the Human Genetic Mutant Cell Repository, Cam- 
den, NJ, and the Hut 78 and Hut 102 lines were obtained from Dr 
Paul Bunn, University of Colorado Medical Center, Denver, The 
characteristics of these cell lines have been previously reported. ®" 
In addition, leukemic cells obtained from four patients with common 
acute lymphoblastic leukemia antigen—positive (CALLA‘) acute 
lymphoblastic leukemia (Null-ALL) and three patients with B cell 
chronic lymphocytic leukemia (B-CLL) were studied, as were 
normal peripheral blood mononuclear cells isolated from heparin- 
ized peripheral blood by Ficoll-Hypaque gradient centrifugation,” 
Isolated mononuclear cells from patients and normal donors were 
tested for the following surface markers using a Coulter (Hialeah, 
FL) Epic V fluorescence activated cell sorter: OKT 1-11 monoclonal 
antibodies (Ortho Diagnostics, Raritan, NJ), CALLA (15; Ortho- 
diagnostics}, and surface immunoglobulin. 

RNA determinations. Total cellular ribonucleic acid (RNA) 
was isolated from | x 10° cells using guanidinium isothiocynate and 
cesium chloride gradient centrifugation. Total cellular RNA was 
fractionated under denaturing conditions on a 2.2-mol/L formalde- 
hyde—1% agarose gel, as previously described.’ The fractionated 
RNAs were transferred to nitrocellulose filler paper according to the 
technique of Southern'® and hybridized with cDNA probes nick- 
translated to a specific activity of 2 x 10" cpm/yg DNA. The human 
adenosine deaminase probes consisted of a 1.4-kb full-length cDNA 
sequence and a 0.65-kb Pst I fragment that contained 2/3 of the 
mRNA sequence for ADA from the 3’-terminal end.'""* The chicken 
B-action probe’? was kindly provided by Dr Mark Groudine, Fred 
Hutchinson Cancer Center, Seattle, WA, and consisted of a 2-kb Pst 
I fragment containing a full-length cDNA actin sequence. After 
hybridization with cDNA probes, the filters were washed, dried, and 
exposed at ~ 70°C to XAR-S film for 18 to 20 hours in the presence 
of intensifying screens. The RNA bands specific for ADA (1.6 kb) 
and actin (1.8 kb) were quantitated by densitometry using a Biorad 
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(Richmond, CA) scanning densitometer. Hybridization with the 
0.65-kb ADA probe showed a distinct band at 1.6 kb and a variable 
band at 5.8 kb. Since the 1.6-kb transcript corresponds to the 
message for ADA in poly A-selected RNA and the 5.8-kb band 
appears to be nonspecific'*”’” we have quantitated only the 1.6-kb 
band for these studies. We have used the values obtained for this 
1.6-kb ADA RNA band in MOLT 4 cells as a reference standard for 
all other cells and cell lines. 

Southern blots. Genomic DNA was isolated by the method of 
Blin and Stafford.” Ten micrograms of DNA were digested with 
various restriction enzymes according to the manufacturer's recom- 
mendations. The digested DNA was size-fractionated on a 0.8% 
agarose gel and the DNA was transferred to nitrocellulose paper.'* 
The filter was hybridized with both the full-length and 0.65-kb 
probes for ADA, washed, and autoradiographed. 

Adenosine deaminase assays. The catalytic activity of ADA in 
dialyzed cell lysates was determined in a radiochemical assay by 
measuring the conversion of ['*C]adenosine to inosine.* ADA 
immunoreactive protein (IRP) was determined by a solid-phase 
radioimmunoassay. Serial dilutions of commercial calf ADA, 
MOLT-4 standard lysate and leukemic cell lysates were spotted in 
10-uL aliquots on nitrocellulose paper (1.5 cm x 1.5 cm area) that 
had been previously incubated with 25 mmol/L Tris-HCl, pH 7.6, 
containing 0.154 mol/L NaCl (Buffer A). The filter was fixed in 
10% acetic acid and 25% isopropanol for 15 minutes and rinsed 
several times with buffer A. The filter was then incubated with 5% 
BSA in buffer A overnight to block nonspecific binding of antibody, 
followed by a four-hour incubation at room temperature with rabbit 
anti-ADA serum (1:250 dilution) prepared as previously described™ 
and contaming 3% BSA. The filter was then washed five times for 10 
minutes each in buffer A containing 0.1% Triton X-100. Subse- 
quently, the filter was incubated with '*I protein A (2 x 10° 
cpm/mL, specific activity 10 wCi/ug) in 50 mL of buffer A 
containing 3% BSA at room temperature for one hour. The filter was 
washed extensively with buffer A containing 0.1% Triton X-100, 
air-dried, and autoradiographed. The radioactive spots were cut out 
and counted in a Packard (Downers Grove, IL) gamma counter. 
Protein estimation was performed according to the method of 
Lowry.”* 

Western blot. Cell lysates were obtained by three cycles of rapid 
freeze-thawing in liquid nitrogen and the supernatants obtained 
after centrifugation at 10,000 x g. The supernatants were electro- 
phoresed on 10% SDS polyacrylamide gels,” and the resolved 
proteins were transferred to nitrocellulose paper by electroelution.™ 
The nitrocellulose paper was then incubated with anti-ADA anti- 
body, probed with ['*I] protein A as described previously for the 
solid-phase radioimmunoassay, and autoradiographed. 


RESULTS 


The specificity of our polyclonal antibody, which was 
raised in rabbits, to human erythrocyte ADA for ADA in 
leukemic cell lysates was evaluated using a Western blot. As 
shown in Fig 1, a single radioactive band was visualized with 
MOLT-4 T lymphoblast crude cell lysate. This band corre- 
sponded to the molecular weight (M,) of purified commercial 
calf ADA (Lane 5) and agrees with previously determined 
M, values for the enzyme.”°**?* For each set of assays, a 
standard curve was constructed using calf ADA and MOLT- 
4 T lymphoblast lysate as relative internal standards. We 
have demonstrated on other immunoblots that this antibody 
cross-reacts with both the human and calf enzymes at 
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Fig 1. Autoradiographic determination of antibody specificity 
for ADA in MOLT-4 lysate by Western blotting. Lanes 1-3: MOLT-4 
T lymphoblast lysate (lane 1, 250 ug; Lane 2, 125 ug: Lane 3, 62.5 
ug). Lane 4: M, standards phosphorylase b, bovine serum albumin, 
ovalbumin, carbonic anhydrase, soy bean antitrypsin inhibitor, and 
lactalbumin. The nitrocellulose blot containing these proteins was 
subsequently stained with Coomassie blue for M, determinations, 
Lane 5: commercially purified calf ADA (50 ng). 


roughly equivalent concentrations. The IRP determinations 
were linear from 12.5 ng to 500 ng ADA protein for the calf 
enzyme (Fig 2) and a similar dose-response relationship was 
obtained with crude lymphoblast cell lysate (data not 
shown). 

A representative Northern blot used for the quantitation 
of ADA mRNA levels is shown in Fig 3A. The 1.6-kb band 
corresponds to the ADA-specific mRNA. To control for the 
amount of RNA loaded onto each gel, the blots were stripped 
and reprobed with the 8-actin cDNA probe; alternatively, 
duplicate nitrocellulose filters were simultaneously probed 
with radiolabeled ADA or -actin cDNAs (Fig 3B). The 
lower 1.8-kb band in Fig 3B represents actin-specific 
mRNA. The ADA and actin band signals were quantitated 
from each autoradiograph by densitometry scanning, and a 
ratio of ADA to actin was obtained for each sample. MOLT- 


100 200 400 500 
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Fig 2. Standard curve for calf ADA in solid-phase radioimmu- 
noassay. Each point represents the mean of duplicate determina- 
tions. Spots were cut from nitrocellulose filters and quantitated by 
gamma counting. 








Fig 3. Quantitation of ADA-specific RNA by Northern blot 
analysis. (A) Hybridization of blot to 0.65-kb ADA cDNA probe. (B) 
Duplicate blot probed with -actin cDNA. §-actin—specific mRNA 
corresponds to the 1.8-kb lower band. Lanes 1 and 2: MOLT-4 T 
lymphoblasts. Lanes 3 and 4: HUT 78 mature T cells. Lanes 5 and 6: 
HUT 102 mature cells. Lanes 7 and 8: GM 558 B lymphoblasts. 
Lanes 9 and 10: T cell ALL (patient). Lanes 11 and 12: normal 
mononuclear cells. Lanes 1, 3, 5, 7, 9, and 11 contain 10 ug RNA; 
Lanes 2, 4, 6, 8, 10, and 12 contain 5 ug RNA. 
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T-CTCL B-CLL 8-Lymphocytes 

Fig 4. Histogram of relative RNA levels, IRP, and enzymatic 
activity for ADA in the various lymphoid malignancies. MOLT-4 T 
lymphoblast ADA has a specific activity of 2.06 = 0.48 umole/ 
min/mg protein and an IRP value of 6.86 + 1.62 ug/mg protein 
(mean + 1 SD; six determinations). MOLT-4 ADA 1.6-kb RNA 
levels, IRP, and specific activity values have been used as refer- 
ence standards and are expressed as 100%. A, mRNA; O, IRP; O, 
specific activity. T-ALL: MOLT 4, MOLT 3, and RPMI 8402. 
Null-ALL: four patients. T-CTCL: Hut 78 and Hut 102. B-CLL: three 
patients. B lymphocytes: normal mononuclear cells and GM 558. 
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4 T lymphoblast RNA was run on each gel as an internal 
control and all mRNA data are expressed as a percentage of 
the concomitant MOLT-4 ADAzactin ratio. Figure 4 demon- 
strates that ADA mRNA levels and IRP values are in 
general good agreement for the lymphoid leukemic cells and 
cell lines examined. One T-ALL sample repeatedly showed a 
twofold increase in IRP, as shown in column one. ADA 
catalytic activity relative to MOLT-4 cells was equivalent in 
T-ALL cells, but was approximately twofold lower in other 
cell types. Whether this discrepancy signifies exogenous 
factors affecting catalytic activity or is merely attributable to 
the limited number of samples in each group remains to be 
determined. 

To further investigate whether the increased levels of 
ADA RNA in the T lymphoblasts result from amplification 
or rearrangement of the ADA gene, Southern blot analyses 
of DNA from the various cell lines and from normal lympho- 
cytes were performed (Fig 5). Using the full-length ADA 
cDNA probe, digestions of genomic DNA gave similar 
restriction fragments in all lanes (Figure 5, A and B). 
making it unlikely that the ADA gene is rearranged in these 
cells. Furthermore, as shown in Fig 6, an Eco RI digest on 
DNA from five of the cell lines reveals a single band of 
similar intensity in all lanes, suggesting that a variation in 
copy number of the ADA gence is unlikely to be responsible 
for the variable steady state RNA levels in the lymphoid 
leukemic cells studied. 


DISCUSSION 


The regulation of ADA expression in lymphoid cells has 
been of considerable interest because of the large variation in 
enzyme activity during lymphocyte maturation and among 
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Fig 5. Southern blot analysis of genomic ADA from lymphoid 
celis and normal lymphocytes. Lane 1, MOLT-4 T lymphoblasts; 
Lane 2, RPMI 8402 T lymphoblasts; Lane 3, HUT 78 mature T cells; 
Lane 4, HUT 102 mature T cells; Lane 5, normal mononuclear cells; 
Lane 6, GM 558 B lymphoblasts. DNA (10 ug/lane) was digested 
with Hind IlI (A) and Pst | (B). 
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Fig 6. Southern blot analy- 
sis of genomic ADA digested 
with Eco RI. Lane 1, MOLT-4 T 
lymphoblasts; Lane 2, MOLT-3 
T lymphoblasts; Lane 3, HUT 78 
mature T cells; Lane 4, HUT 
102 mature T cells; Lane 5, GM 
558 B lymphoblasts. 





lymphocyte subpopulations and because of the association of 
deficiency of this enzyme with immunodeficiency disease. 
We have investigated the genetic base of the variability in 
ADA expression in lymphoid leukemic cells with the ulti- 
mate objective of determining whether this variability is 
directly attributable to alterations at the level of gene 
transcription. We have found a good correlation of ADA 
immunoreactive protein with levels of ADA-specific RNA. 
These data could reflect either differences in the rates of 
ADA transcription or alterations in ADA mRNA stability 
among the leukemic cells. Differentiating between these 
possibilities will require direct assays of ADA transcriptional 
rates in isolated nuclei.” In either case, however, the results 
support the view that the high ADA activity in T lympho- 
blasts is determined by quantitative rather than qualitative 
changes in ADA protein resulting from increased levels of 
the corresponding mRNA. Similar correlations of enzyme 
protein and specific mRNA levels have been reported for 
dihydrofolate reductase, CAD (a multifunctional protein 
containing carbamyl-P-synthetase, aspartate transcarbamy- 
lase, and dihydroorotate activities) and argininosuccinate 
synthetase.***? Our data also support the results of Adrian 
and Hutton,” who showed a close relationship among the 
relative ADA mRNA content, catalytic activity, and immu- 
noreactive protein for a leukemic T and a normal B lympho- 
blast cell line. 
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Two precedents for ADA amplification have been 
reported, both in rodent cells that had been subjected to 
selective pressure for increased ADA expression. Rat hepa- 
toma cells grown in the presence of the ADA inhibitor 
2'-deoxycoformycin and the ADA substrate adenosine dem- 
onstrated increased ADA activity and mRNA levels that 
were due to gene amplification. In addition, a mouse cell 
line with a 3,000-fold increase in ADA activity was demon- 
strated to have an equivalent increase in MRNA and gene 
copy number on Northern and Southern blots, respectively.” 
In this study we were unable to demonstrate any significant 
amplification of ADA gene sequences in human T lympho- 
blasts as compared to normal mononuclear cells and pheno- 
typically more mature T,* leukemic cell lines (Hut 78 and 
Hut 102). This is not surprising, since the high ADA activity 
in malignant T lymphoblasts reflects similarly high activity 
in normal human thymocytes. It would be difficult to recon- 
cile the decline in ADA activity during T cell maturation 
with a change in the copy number of the ADA gene. 

An alternative explanation for the variability in ADA 
expression is that the gene is rearranged during T cell 
development. Gene rearrangements have been documented 
to account for the increased transcription of the c-myc 
proto-oncogene in Burkitt's lymphoma% and are known to 
occur for both immunoglobulins and the T cell receptor 
during the respective maturation of B and T lymphocytes.” 
Our data, however, do not support ADA gene rearrangement 
in the lymphoid leukemic cells studied. 

A third potential mechanism for changes in the tran- 
scription of specific genes during differentiation is altera- 
tions in the methylation status of cytosine residues in 5’ 
regulatory regions. Hypomethylation has been correlated 
with an increase in corresponding mRNA levels for a variety 
of different proteins. We have performed digestions of 
genomic DNA with Hpa II and Msp I restriction enzymes 
that show some minor differences in restriction pattern 
among the leukemic T cell lines when probed with the 
full-length ADA cDNA (data not shown), However, these 
changes show no consistent relationship of methylation sta- 
tus to ADA expression. The recent characterization of the 
ADA promoter” and sequencing of the entire ADA gene“! 
should allow a more precise approach to the problems of 
regulation of ADA expression as a function of lymphocyte 
differentiation. 
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Purging Leukemic Cells From Simulated Human Remission Marrow With 
Alkyl-Lysophospholipid 


By Shinichiro Okamoto, Anita C. Olson, William R. Vogler, and Elliott F. Winton 


Aikyl-lysophospholipids (ALP) are analogues of 2-lysophos- 
phatidyicholine that have been reported to have selective 
antitumor activity. These compounds could potentially be 
useful in purging bone marrow of leukemic cells in autolo- 
gous marrow transplantation in acute leukemia. To deter- 
mine the efficacy of pharmacological purging by ALP, we 
have designed a human assay system to mimic the condi- 
tions expected in the clinical setting of autotransplantation 
using remission marrow. A simulated remission marrow 
(SRM) was prepared by mixing normal marrow cells and 
HL60 cells in a ratio of 1,000:1. The effect of cryopreserva- 
tion on ALP-treated normal, HL60, and SRM cells was 
examined. In separate experiments, ALP significantly 
reduced the number of clonogenic HL60 cells with no effect 


LLOGENEIC BONE MARROW transplantation 
leads to a longer disease-free survival than does chemo- 
therapy in the patient with acute leukemia,'” but in the 
allogeneic graft, death and morbidity often result from 
transplantation-related problems such as graft-y-host dis- 
ease.’ This procedure is rarely successful in patients more 
than 40 years of age* and is limited to patients who have 
HLA-matched donors. 

On the other hand, autologous bone marrow transplanta- 
tion (ABMT) of remission marrow has the potential advan- 
tage of being available to a larger population of patients 
while avoiding many of the associated immunobiological 
effects of allograft. The potential drawback of ABMT is 
contamination with microscopically undetectable leukemic 
cells. Thus, small numbers of leukemic cells must be purged 
from harvested remission marrow if the ABMT is to be 
curative. 

Alkyl-lysophospholipid (ALP) is an analogue of naturally 
occurring lysophosphatidylcholine that has direct tumorcidal 
activity.” This activity has been reported to be selectively 
toxic to tumor cells including leukemic cells.”* Presumably, 
this selectivity is due to a low or absent level of an O-alkyl 
cleavage enzyme capable of degrading ALP in neoplastic 
cells, but which is present in normal cells.” ° Without this 
enzyme, the compounds accumulate in the cells and inhibit 
phospholipid biosynthesis, which results in injury to cell 
membranes. In murine ABMT, treatment of murine marrow 
cells containing WEHI-3B leukemic cell line cells with ALP 
in vitro has effectively eliminated leukemic cells and spared 
normal stem cells, thereby allowing hematologic reconstitu- 
tion.'! Thus, these compounds may be ideal agents to purge 
residual leukemic cells from remission marrows. 

The studies presented here were aimed at evaluating the 
purging effect of ALP in an in vitro human simulated 
remission marrow (SRM) formed by mixing normal marrow 
cells with human promyelocytic leukemic cells (HL60) that 
have been shown to be ALP sensitive’? and by using a 
clonogenic assay to measure the number of residual leukemic 
cells and normal progenitor cells. Variables such as incuba- 
tion time, concentration of ALP, and the freezing and 
thawing process were examined in order to establish condi- 
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on normal marrow progenitors. The effect of ALP was 
more apparent after cryopreservation. Incubation of HL60 
cells with 50 wg/mL ALP for four hours followed by 
cryopreservation resulted approximately in a 3 log reduc- 
tion of clonogenic HL6O cells. ALP also selectively purged 
the small number of leukemic cells from SRM. in SRM, the 
data suggested that ALP had indirect cytotoxic activity on 
leukemic cells by enhancing the cytotoxic activity of mono- 
cytes in addition to its direct effect. We found no evidence 
that clonogenic HL60 cells decreased because of induction 
of differentiation by ALP. These data indicated that treat- 
ment of marrow cells with ALP offers an efficient means to 
eliminate leukemic cells from the graft. 

e 1987 by Grune & Stratton, inc. 


tions for maximal tumor cell killing without altering the 
viability of normal progenitor cells. 


MATERIALS AND METHODS 

Cells. The HL60 promyelocytic cell line’? (obtained from Dr 
Robert Gallo, National Institutes of Health, Bethesda, MD} was 
continuously cultured (passage no., >300) in RPMI 1640 medium 
containing 10% fetal bovine serum (FBS) (GIBCO, Grand Island, 
NY) and passaged twice weekly. Karyotyping of the cells revealed 
that most metaphases contained 43 chromosomes and no cells had 
the Y chromosome. All studies were carried out in log-phase 
growth. 

Normal bone marrow preparations were obtained from bone 
fragments provided at surgery for orthopedic procedures. The frag- 
ments were crushed and suspended in supplemented McCoy's 3A 
medium (GIBCO, Grand Island, NY}. Single-cell suspensions were 
placed over Ficoll-Hypaque (Histopaque-1077, Sigma Chemical Co, 
St Louis) and separated by centrifugation. The interface mononu- 
clear cells were collected and washed twice with RPMI 1640 
medium and resuspended in RPMI 1640 medium with 10% FBS. In 
a few instances, histologically normal marrow was obtained by direct 
aspiration from a patient with acute leukemia in remission, and the 
mononuclear cells were isolated by a Ficoll-Hypaque gradient. In all 
instances, informed consent was obtained to donate a bone marrow 
specimen for research purposes, 

An SRM was formed by mixing normal marrow cells obtained 
from male donors with HL60 cells in log-phase growth in a ratio of 
1,000:1. 

ALP and the treatment of cells with ALP. ALP (racemic- 
1-octadecyl-2-methyl-sn-glycero-3-phosphocholine, ET-18-OCH,) 
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was kindly supplied by Dr Paul Munder of the Max-Planck-Institut 
fiir Immunbiologie (Freiburg, FRG). ALP was dissolved in RPMI 
1640 medium containing 10% FBS at a concentration of 1,000 
g/mL and was stored at —20°C until used 

Normal bone marrow cells, HL60 cells, and SRM cells were 
incubated separately at 37°C in 5% CO, for one and four hours in the 
presence of various concentrations of ALP (0, 25, 50 g/mL) 
Incubation was performed in a plastic culture tube containing a 
l-mL final volume at a final cell concentration of 5 x 10°/mL. After 
the incubation period, the cells were washed twice with RPMI 1640 
medium containing 10% FBS, and colony formation before and after 
cryopreservation was measured 
The cells were sus- 
FBS and 10% 
e ol 


Cryopreservation and thawing of cells 
pended in RPMI 1640 medium containing 10% 
dimethyl! sulfoxide (DMSO) (Sigma), frozen at 

1°C/min to — 80°C 


a controlled ra 





and then stored in the vapor phase of liquid 
nitrogen, Freezing was accomplished in freezing vials (Nunc, Ros- 
kilde, Denmark) containing a l-mL final volume at a final cell 
concentration of 3 to 5 x 10°/mL. Thawing of cells was accom 
plished rapidly by placing the vials in a 37°C water bath. After 
thawing, the DMSO concentration was reduced by stepwise dilution 
in medium to a concentration below 0.1%. Deoxyribonuclease (type 
I, Sigma) at a final concentration of 100 ug/mL was used when 
there was cell clumping 

issay for colony formation 


(CFU-GEMM) 


(CFU-E), and granulocyte-macrophage colonies and clusters (GM- 


Mixed hematopoietic colonies 


erythroid bursts (BFU-E), erythroid colonies 


CFC, GM-clusters) were assayed according to a modification of the 
method of Fauser and Messner."* The cells were cultured in medium 
containing 0.8% methylcellulose, 30% FBS, 0.3% bovine serum 
albumin, 5 x 107° mol/L mercaptoethanol, 5.6 x 10°* mol/l 
selenium, 10% normal human serum, and the following stimulators 
10% of human placental conditioned media (HPCM),'* 5% of 
PHA-stimulated lympocyte-conditioned media (PHA-LCM),"* and 
1 U/mL of erythropoietin (Step III, Connaught Laboratories, 
Willowdale, Ontario, Canada). One-milliliter aliquots containing 
| x 10° cells were cultured in triplicate in 35-mm culture dishes 
(Lux, Miles Scientific, Naperville, IL) at 37°C in a 5% humidified 
atmosphere. The growth of colonies on each plate was scored on day 
14 of culture. Clonogenic HL60 cells were cultured in the same 
medium used for the assay of normal hematopoietic progenitors with 
or without stimulators. Before cryopreservation |-mL aliquots con- 
taining 10° HL60 cells were plated, and 10° to 10* cells were plated 
after cryopreservation. Cell aggregates consisting of more than 40 
cells were scored as colonies on day 14 of culture. SRMs were 
assayed for clonogenicity by the same method used for normal 


hematopoietic progenitors. In the SRM, HL60 cell colonies could 
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Fig 1 Colonies derived from HL6O cells 
(right) and GM-CFC in mixed culture of normal 
bone marrow cells and HL60 cells. Culture was 
at 37°C and 5% CO, for 14 days. (Original 
magnification x 100.) 


easily be distinguished from normal GM-CFC or GM-clusters by 
their distinctive morphology (Fig 1). To confirm that the eolonies 
counted were of HL60 origin, the following examinations wer 
performed: (a) Each colony was aspirated, cytocentrifuged ont 
glass slides, and stained with Wrights Giemsa to evaluate the 
morphology of cells in the colonies. (b) Individual HL60 colonies 
were plucked from the plate by using a capillary pipette and placed 
in RPMI 1640 media without stimulators, and the regrowth of the 
HL60 colonies was observed. (c) HL60 cells were derived from a 
female leukemic patient; therefore, colonies derived from HL60 cells 
could be distinguished from male GM-CFC or GM-clusters by 
examining Y chromatin as per the procedure described next 


Y chromatin examination. Individual colonies were plucked and 


placed directly onto slides. After air drying and fixation in a | 
mixed acetic acid:methanol fixative, the cells were stained for 15 
minutes in a 0.25% solution of quinacrine dihydrochloride (Sigma) 
Quinacrine solution was made by mixing a 0.5% aqueous solution of 
quinacrine dihydrochloride with an equal volume of citric acid 
phosphate buffer (pH 5.5). The slides were rinsed in running water 
for one minute, coverslipped, and examined by fluorescence micros 
copy. Y chromatin positivity was defined as a bright fluorescent 
mass about 0.25 um in diameter, peripheral and nonperipheral ir 
location within the nucleus (Fig 2). A colony was considered Y 
chromatin—positive when it contained a fluorescent mass in more 
than 25% of the nuclei 
Preparaton of monocytes, Monocytes were isolated as described 


by Kumagai et al."’ Briefly, 5 mL of the mononuclear cell suspensior 





Fig 2. Granulocyte plucked from one GM-CFC and stained by 
quinacrine solution (see Materials and Methods). Y chromatin is 


seen in the nucleus. (Original magnification x 1,000.) 
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Table 1. Effect of ALP on Clonogenicity of HL60 Celis 





Colonies per 10? HL6O Cells 








ALP (rico 
(ua/mL) Without Stimulators With Stimulators * 
1-h ALP 
(0) 45.7 + 4.2(100.0)n = 19 50.7 + 6.6 (100.0) n = 21 
25 13.1 + 2.4¢ (28.7) n = 18 18.0 + 3.8¢ (35.5) n= 1 
50 5.0 + 0.8f (10.9) n = 15 7.2 + 1.34 (14.2) n = 16 
4-h ALP 
(6) 49.3 + 7.4(100.0)n = 11 47.2 + 8.5 (100.0)n = 13 
25 16.8 + 4.44 (34.1)n = 11 15.7 + 3.5+ (33.3) n = 13 
50 3.1 + 1.0 (6.3)n = 11 3.5 + 1.2¢(7.4)n = 13 








Results are expressed as absolute number of colonies (mean + SE). Parentheses represent the percent survival of colonies caiculated as follows: 
number of colonies per 10? ALP-treated HL6O cells x 100/number of colonies per 10° untreated HL60 cells. 


*HL6O:cells were cultured in the presence of HPCM and PHA-LCM. 


+HL60 colonies significantly decreased compared with the values for untreated cells (P < .005). 


(2 x 10° cells/mL) was pipetted into a 60-mm—diameter tissue 
culture dish that had been coated with 1 mL of FBS and incubated 
for one hour at 37°C in 5% CO.. After incubation, the nonadherent 
cells were removed by aspirating the media and rinsing the dish 
twice with prewarmed RPMI 1640 medium. Five milliliters of 
phosphate buffer saline (PBS) containing 0.2% ethylenediaminete- 
tracetic acid (Sigma) and 5% FBS were added to the dish and 
incubated at 4°C for 15 minutes. The adherent cells were removed 
by streaming PBS onto the bottom of the dish, washed twice with 
RPMI 1640 medium containing 10% FBS, then resuspended to the 
required concentration in RPMI 1640 medium containing 10% FBS. 
Monocytes separated by this technique had 95% viability and 97% 
purity by morphology. 

Statissical methods. For comparison of means, the unpaired 
one-tailed r-test was used. A P value of <.025 was considered 
sigmificant. 


RESULTS 


Effect of ALP on clonogenicity of HL60 cells. When 
HL60 cells were pretreated with ALP for one and four hours 
and cultured with PHA-LCM and HPCM or without the 
stimulators, clonogenic HL60 cells significantly decreased 
(Table 1). This effect was dose dependent, and a 94% 
reduction of clonogenic cells was observed when the cells 
were exposed to 50 ug/mL of ALP for four hours. 

After freezing and thawing of HL60 cells exposed to ALP, 
a further reduction of clonogenic HL60 cells was noticed. As 
shown in Fig 3, the survival of clonogenic cells after cryopre- 
servation decreased significantly with an increased exposure 
time (P < .005) and concentration of ALP (P < .005). When 
the cells were treated with 50 ug/mL of ALP for four hours 
and cryopreserved, the maximum reduction of clonogenic 
cells could be achieved (approximately a 99.9% reduction). 

The treatment of the HL60 cells with ALP and the process 
of freezing and thawing did not alter the shape and cellular 
composition of HL60 colonies. 

To determine whether the reduction of HL60 colonies 
could have resulted because of differentiation of HL60 
induced by ALP or DMSO, the cells, after treatment with 
ALP or cryopreservation, were cultured in 60-mm tissue 
culture dishes in RPMI 1640 medium with 10% FBS for 14 
days and examined morphologically on days 4, 7, 10, and 14 
of culture. The short-term exposure to ALP and the process 


of cryopreservation did not induce significant differentiation 
(data not shown). 

Absence of toxicity of ALP for marrow hematopoietic 
progenitors. Human bone marrow mononuclear cells were 
incubated for one and four hours with various concentrations 


1 Hour ALP 








Survival of HL6O Colonies 
After Cryopreservation 
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Fig 3. Percent survival of clonogenic HL60 cells after expo- 
sure to ALP and cryopreservation (see the text). After thawing. 
10? to 10* treated cells were plated with (@—-@) or without 
{(O---O) stimulators. The percent survival of colonies after cryo- 
preservation was calculated as follows: (colonies per 100 ALP- 
treated HL60 cells/ colonies per 100 untreated HL6O cells} x (ratic 
of total colonies after treatment and cryopreservation to total 
colonies after treatment but before cryopreservation x 100}. Each 
point represents the mean + SE (four to six experiments were 
examined for culture without stimulators and six to 11 experi- 
ments for culture with stimulators). 
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Table 2. Effect of ALP Exposure and Cryopreservation on 
Survival of Marrow Progenitors 





Survival of Total Progenitors* 








ALP 
(ug/ml) Before Cryopreservation After Cryopreservation 
1-h ALP 
o 100.0+ 67.8 + 5.0 
25 92.0 + 5.2 64.4 + 12.5 
50 96.5 + 6.6 62.3 + 9.8 
4-h ALP 
(0) 100.0 64.6 + 8.5 
25 103.4 + 3.8 63.1 + 9.8 
50 102.7 + 3.5 58.5 + 6.6 





*Total progenitors refer to GM-CFC, GM-Cluster, BFU-E, CFU-E, and 
CFU-GEMM. The survival rate of progenitors was calculated as described 
in Fig 3. 

tMean + SE for six separate marrow samples. Control marrow 
progenitor growth was 182.7 + 49.3 (mean + SE) per 10° marrow cells 
for a one-hour exposure and 143.3 + 32.6 for a four-hour exposure. 


of ALP, washed, and assayed for colony formation. As shown 
in Table 2, treatment of marrow cells with ALP up to a 
concentration of 50 ug/mL for one and four hours did not 
alter the total number of colonies significantly compared 
with untreated marrow cells. 

To simulate the clinical condition of ABMT, marrow cells 
exposed to ALP were cryopreserved before being cultured for 
hematopoietic progenitors. As shown in Table 2, about 40% 


of the progenitors was lost through the process of freezing — 


and thawing. However, treatment of bone marrow cells with 
ALP did not significantly change the survival of progenitors 
after cryopreservation. The morphology and composition of 
colonies in control and treated cultures were identical before 
and after cryopreservation (Table 3). 

Purging effect of ALP on mixed culture of normal bone 
marrow cells and HL60 cells (SRM). To investigate 
whether ALP can kill a small amount of leukemic cells in the 
presence of a large number of normal bone marrow cells, 
experiments were performed with a mixture of 0.1% HL60 
cells and 99.9% normal bone marrow cells at a concentration 
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of 5 x 10°/mL during treatment. For the colony assay, 10° 
normal and 10° HL60 cells per 1-mL plate were cultured in 
the presence of PHA-LCM, HPCM, and erythropoietin. 

Figures 4A and 4B show that ALP significantly decreased 
the clonogenic HL60 cells while sparing the normal progeni- 
tors in this cell mixture both before and after cryopreserva- 
tion and that no clonogenic HL60 cells were detected with 
the 50-ug/mL ALP concentration after four hours of treat- 
ment followed by cryopreservation. Parallel studies showed 
that the total number of normal colonies in mixed cell 
experiments was similar to those in the absence of HL60 cells 
(95.8 + 4.1 for one hour and 107 + 6.7 for four hours 
incubation, mean +SE expressed as a percentage of those 
without HL60 cells). Also, HL60 cells did not alter the 
composition of normal colonies (data not shown). 

As shown in Table 4, the degree of reduction of HL66 cells 
in SRM before cryopreservation was greater than the reduc- 
tion of HL60 cells in parallel cultures of HL60 without the 
bone marrow cells. Also, the size of the HL.60 colonies was 
slightly increased, and there was some peripheral halo of 
loosely dispersed cells around the central aggregate. 

To address this observation, the influence of monocytes, 
one component of bone marrow cells, on the effect of ALP on 
clonogenic HL60 cells was examined. Monocytes obtained 
from peripheral blood were mixed with HL60 cells at a ratio 
of 10:1 and incubated for one hour in the presence of ALP. 
After incubation, the cells were washed twice and then 
measured for clonogenicity by the colony assay without 
stimulators. 

In two experiments, the number of HL60 colonies was 
similar in cultures both with and without monocytes, but 
when the cells were treated with 12.5 ng/mL and 25 ug /mL 
of ALP for one hour, a greater reduction of HL60 colonies as 
compared with controls (Table 5) was observed in both 
experiments. 

The presence of stimulators (PHA-LCM and HPCM) 
influenced neither the number of HL60 colonies (Table 1) 
nor the cellular composition of colonies (data not shown). 
Before and after cryopreservation, almost all HL60 colonies 


Table 3. Effect of ALP Exposure and Cryopreservation on Composition of Progenitors 





Types of Progenitors 








LP , 
tial GM-CFC GM-Clusters BFU-E CFU-E CFU-GEMM 
1-h ALP 
0 B* 27.7 + 3.2t 22.8 + 3.4 40.6 + 3.3 9.2 + 2.3 0.5 + 0.3 
At 24.4 + 4.3 31.6 + 3.5 34.5 + 4.6 8.9 + 2.0 0.6 + 0.1 
25 B 27.9 + 3.9 22.9 + 4.2 40.0 + 5.6 8.6 + 2.1 0.6 + 0.2 
A 24.9 + 3.2 29.4 + 1.7 36.2 + 5.9 8.8 + 1.9 0.7 + 0.3 
50 B 27.5 + 3.8 20.6 + 4.5 40.0 + 4.7 11.3 + 2.7 0.6 + 0.2 
A 26.7 + 2.7 29.6 + 2.6 35.2 + 3.5 7.9 +15 0.6 + 0.1 
4-h ALP 
0B 21.9 + 4.9 25.3 + 3.5 38.3 + 5.0 13.7 + 0.8 0.8 2.0.3 
A 21.9 + 2.0 29.0 + 4.1 37.0 + 4.5 11.3 + 2.0 0.8 + 0.1 
25 B 21.1 + 2.8 24.8 + 4.3 44.4 + 6.2 9.0 + 2.0 0.7 + 0.3 
A 22.8 + 3.9 26.2 + 4.1 39.3 + 2.5 11.3 + 1.2 0.4 + 0.2 
50 B 22.9 + 4.4 29.5 + 5.9 37.0 + 6.1 10.0 + 1.8 0.5 + 0.2 
A 20.5 + 4.3 29.3 + 6.6 35.6 + 2.3 14.2 + 1.2 0.4 + 0.3 





*Before cryopreservation. 
+After cryopreservation. 


tExpressed as the percentage of the average number of total progenitors. 
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Fig 4. Effect of ALP and cryopreservation on mixed culture of 
normal bone marrow cells and HL60 cells. A mixture of normal 
bone marrow cells and HL60 cells at a ratio of 1,000:1 was cultured 
after treatment with ALP and (A) before or (B) after cryopreserva- 
tion. Each column represents the mean percent survival of colo- 
nies (I, HL60 colonies; 1, normal colonies) calculated as described 
in Fig 3 [+SE of the mean). Control normal progenitors’ growth 
was 159.2 + 44.1 (for one hour) and 143.3 + 33.6 (for four hours} 
per 10° marrow cells; control HL6O colonies’ growth was 37.4 + 14 
(for one hour) and 31.5 + 5 (for four hours) per 10° HL6O cells 
{n = 5). Normal colonies represent the total progenitors (see 
Table 3).. 


Table 4. Effect of ALP Exposure on Clonogenicity of HL60 Cells in 
the Presence of Normal Bone Marrow Cells 











ALP 

{ug/mL) Survival (%)* 

1-h ALP 
0 88.6 + 4.9 
25 70.9 + 8.4 
50 28.5 + 4.6f 

4-h ALP 
0 75.9 + 12.1 
25 30.0 + 5.87 
50 16.1 + 87+ 





*The percentage of survival of HL6O colonies observed in the presence 
of normal bone marrow cells compared with that of parallel cultures 
without bone marrow cells, mean + SE for three (for four-hour ALP) and 
four (for one-hour ALP) separate experiments. 

+P < .005 (comparing treated with untreated). 
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Table 5. Effect of ALP and Monocytes on Cionogenicity 











of HL60 Cells 
ALP with Monocytes ah Without Monocytes 
{ug/mL) Experiment 1 Experiment 2 {Control} 
1-h ALP 
0.0 66.3 + 9.9 67.2 + 1.5 64.3+ 48 
12.5 35.7 + 0.9ł 22.3 + 0.9* 42.7 + 1.8 
25.0 10.3 + 1.5 8.3 + 1.5t 19.0 2 2.5 





Results are expressed as the absolute number of colonies per 10? 
HL60 cells and represent the mean of quadruplicate determinations for 
each experiment (+SE). The P value compares with monocytes without 
monocytes. 

*P < .005. 

tP< .01. 

+P < .025. 


in both control and ALP-treated cultures were capable of the 
regrowth of HL60 cells in liquid culture. In order to ensure 
that HL60 cells had not been induced to differentiate to 
mature cells and form colonies morphologically similar to 
GM-CFC or clusters, the incidence of Y chromatin—positive 
cells in each of the colonies was investigated. 

Table 6 shows the frequency of Y chromatin--positive 
colonies in SRM. Few Y chromatin--negative colonies were 
observed in granulocytic colonies. Treatment with ALP and 
the process of cryopreservation did not alter the frequency of 
Y chromatin—positive colonies. HL60 cells that were derived 
from a female patient were Y chromatin—negative. 


DISCUSSION 


No information is available stating the number of residual 
leukemic cells in the bone marrow after successful induction 
chemotherapy. Therefore, the animal or human system in 
which the remission marrow is simulated by using leukemic 
cell line cells or leukemic cells from the patients may provide 
a useful model for the study of ABMT in acute leukemia. 
Methodologies to remove residual leukemic cells from autol- 
ogous marrow are being studied intensively in similar sys- 
tems. These include monoclonal antibody~—mediated cel] 
lysis,’ antibody-toxin conjugate,” high-gradient mag- 
netic separation,” and drugs.”** Some have been applied to 
patients clinically, but it is still too early to evaluate the 
effectiveness of these procedures. 

Our human model presented here has simulated the 


Table 6. Y Chromatin Positivity of GM-CFC and Clusters 
in the SRM 





Y-Chromatin {+} Colonies/Colonies Examined” 








ALP Before After 
(ug/ml) Cryopreservation Cryopreservation 
1-h ALP 
(6) 47/48 47/48 
25 50/50 50/50 
50 47/47 43/44 
4-h ALP 
0 37/38 49/50 
25 45/46 43/44 
50 50/50 48/48 





*See Materials and Methods. 
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remission marrow by adding HL60 cells to normal marrow 
cells and attempted to mimic the conditions expected in the 
clinical setting of ABMT in acute leukemia. Although the 
number of residual leukemic cells in remission marrow 
depends on the quality of remission, we assumed that there 
were up to 10° leukemic cells in the remission marrow with 
homologous distribution and that the number of cells aspi- 
rated at harvest (approximately 10'° cells) is about 1% of the 
total marrow cells.” From this supposition, the ratio of 
leukemic cells to normal cells in the graft (1:1,000) was 
calculated and used in this study. 

Two possible drawbacks have to be considered in this 
system. These are the possibility of suppression of normal 
progenitor growth by cocultured leukemic cells and the 
possibility that HL60 cells can be induced to differentiate 
into nonclonogenic mature cells. HL60 cells have been 
reported to produce a leukemia-associated inhibition of 
progenitor growth that is biochemically indistinguishable 
from that of acute leukemias.” However, we did not 
observe an inhibitory effect on hematopoietic progenitor cell 
growth in our coculture. Other studies cited similar results 
but did find some inhibitory effects in the presence of more 
than 5 x 10° HL60 cells to 10° marrow cells.*°?! It has been 
reported that the continuous exposure to a low concentration 
(4 ug/mL) of ALPs could induce granulocyte differentiation 
of HL60 cells.” We did not examine the continuous exposure 
to a low concentration of ALP. Our exposure to high 
concentrations of ALP for short periods revealed little differ- 
entiation-induced activity, and the process of cryopreserva- 
tion using DMSO did not augment this effect. 

It has been reported that colony-stimulating activity 
(CSA) such as PHA-LCM and HPCM could increase the 
number and size of HL60 cell colonies when the cells were 
cultured in semisolid media with CSA.¥"4 CSA also pro- 
duced differentiation of cells in colonies; however, each 
colony still contained clonogenic HL60 cells. In our experi- 
ment, the effects of CSA were not remarkable, and it might 
be explained by the difference in the number of cell passages 
of our HL60 culture. The effect of CSA was much more 
obvious in earlier passages than in late passages.** Addition- 
ally, the presence of CSA did not alter the clonogenicity of 
HL60 cells treated with ALP. According to these data, one 
may conclude that our human system is suitable to study 
purging of leukemic cells from remission marrow and that 
the effect of ALP on HL60 cells seems to be cytoreductive 
rather than differentiative. 
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Using this system, we demonstrated that ALP had effec- 
tively purged the leukemic cells from simulated remission ~ 
marrows with a sparing of normal hematopoietic progenitor 
cells. Unlike many chemotherapeutic agents, the cell mem- 
brane appears to be the major target of ALP. This unique- 
ness could explain the amplified cytotoxic effect of ALP 
after cryopreservation. 

Ideally, the pluripotent lymphehematopoietic stem cells 
should be measured to assess the toxicity of the purging 
procedure to normal hematopoiesis. We have demonstrated 
indirectly that ALP could spare pluripotent stem cells in an 
in vivo mouse leukemic model.'' The result of limited clinical 
trials of ALP did not demonstrate any hematologic toxicities 
and would inferentially confirm our observation.” 

Pluripotent stem cells cannot be measured in human bone 
marrow at present. Most clinical and experimental investiga- 
tions of ABMT used more mature progenitor assays. A 
correlation between GM-CFC and granulocyte recovery was 
observed.** On the other hand, full hematologic recovery was 
reported in patients treated with 4-hydroperoxycyclophos- 
phamide with a dose that completely inhibited the GM-CFC 
growth.” Therefore, a more accurate assay of hematopoietic 
stem cells will be needed in future assays. 

We observed that the cytotoxic effect of ALP was 
enhanced in the presence of monocytes. ALP compounds 
have been reported to have an antitumor activity as a result 
of activation of macrophages in addition to its direct cytotox- 
icity.” These studies required development of monolayers 
over several days, prolonged exposure to effector cells. and 
ALP. Some investigators observed the cytotoxic activity of 
monocytes after a short-term exposure of tumor cells to 
monocytes at a low effector-target ratio.**’ We did not 
specifically address these issues in this study. Our observa- 
tion may be explained by the activation of cytotoxic mono- 
cytes by ALP or increased susceptibility of leukemic cells 
treated with ALP to cytotoxic monocytes. The advantage of 
this phenomenon in the clinical setting is an unresolved 
issue. 
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Defect in B Cell Function in HTLV IH/ LAV Positive Hemophilia Patients 


By E.J.M. Sjamsoedin-Visser, C.J. Heijnen, B.J.M. Zegers, and J.W. Stoop 


The capacity of the peripheral blood lymphocytes (PBL) to 
generate an antibody response in vitro to T cell-dependent 
antigen ovalbumin was studied in 12 severe hemophilia 
patients who were otherwise in good health. PBL from four 
of 12 patients were not capable of generating such a 
response after stimulation in vitro, whereas all controls 
were normal. This negative plaque-forming cell (PFC) 
response coincided with the presence of antibodies 
directed toward human T-lymphotropic virus ill /lymphade- 
nopathy-associated virus (HTLV-Il/LAV). Only one patient 
with antibodies against HTLV-IlI/LAV had a normal PFC 
response. The negative PFC response was not due to a 
deficient T helper cell activity, nor to an excessive T 


EMOPHILIA PATIENTS are at an increased risk of 
developing the acquired immune deficiency syndrome 
(AIDS), caused by a lymphocytotropic retrovirus human 
T-lymphotropic virus type H1I/lymphadenopathy-associated 
virus (HTLV-IH/LAYV).’° Transmission occurs via biologic 
fluids including blood and blood products such as factor VIH 
and IX preparations. Aberrations of several immune func- 
tions have been demonstrated consistently in AIDS patients 
and notably a reversed ratio of two T cell subsets that play a 
pivotal role in the regulation of various types of immune 
responses. These subsets are characterized phenotypically by 
their selective affinity for the monoclonal antibodies OKT4 
(T4+ cells comprising F inducer cells) and OKT8 (T8+ 
cells including suppressor/cytotoxic T cells).°’ The mecha- 
nism by which an HTLV-IH/LAV infection causes the 
immunologic aberrations observed in AIDS is still unclear. 
Because of these findings in AIDS patients, hemophilia 
patients were studied in many countries with respect to their 
T4/T8 ratio. In a considerable percentage of apparently 
healthy patients a low T4/T8 ratio was found. In addition, 
they nearly always showed a hyperimmunoglobulinemia, and 
often the mitogenic responses of their peripheral blood 
lymphocytes (PBL) were low.*" 

In earlier studies we showed that when normal human 
peripheral blood T and B cells are cultured with the antigen 
ovalbumin (OA), small resting B cells can differentiate into 
plaque-forming cells (PFC) secreting small amounts of OA- 
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suppressor cell function. However, in the peripheral blood 
of these four patients, the presence of activated B cells 
that are refractory to antigen-specific T helper cell signals 
and secrete specific antibodies spontaneously could be 
demonstrated. Most of the patients showed a hyperimmu- 
noglobulinemia. No correlation between the T4/T8 ratio 
and the level of the PFC response was demonstrable. From 
the data obtained in these investigations we raise the 
hypothesis that infection with HTLV-IH/LAV in hemophilia 
patients will lead to in vivo (prejactivation of B cells that 
results in unresponsiveness or decreased response to 
antigen-specific signals. 

® 1987 by Grune & Stratton, Inc. 


specific IgM.'? The magnitude of the PFC response is 
determined by the net effect of F4+ helper cell and T8+ 
suppressor cell activities as well as by the number of small, 
resting B cells present. 

On the basis of the observed in vivo alteration of immune 
regulatory T cell subsets and the hyperimmunoglobulinemia 
in many hemophilia patients, we studied the capacities of the 
cells (ie, T44+, T8+. and B cells) that are involved in the 
generation of an in vitro OA-induced PFC response. 


MATERIAL AND METHODS 


Patients. Twelve heal:hy patients with severe hemophilia A or 
B, ages 7 to 61 years and treated with various factor VIH or IX 
products, were investigated. 

Factor VIH and IX concentrates of Dutch origin were used, 
except in patients 2 and 6. Patient 6 received concentrate from the 
United States (Hyland). Patient 2 who synthesized a factor VIH 
inhibitor received FEIBA, an activated factor IX preparation manu- 
factured by Immuno-Vienna. 

Serum immunoglobulin levels were determined by radial immu- 
nodiffusion (Mancini). Astibodies to HTLV-IH/LAV were tested 
by using an enzyme-linked immunosorbent assay (ELISA), and 
ELISA-positive sera were subjected to immunoblot analysis.'° 

Controls. Included were one patient with severe hemophilia A 
who had not yet receivec any treatment at all, one patient with 
8-thalassaemia major treated monthly with erythrocyte concentrate, 
two IgG subclass—deficient patients treated with gamma globulin 
subcutaneously, and two hemophilia A carriers not treated with 
blood products. In all experiments normal contro! donors were 
included as well, 

Isolation of peripheral blood monoauclear cells. The materials 
and methods that concern the isolation of PBL, monocytes or 
adherent cells (AC), T cells, and B cells have been described 
extensively elsewhere." 

Production of antiger-specific T cell-derived helper factor 
(ThF120-OA} and T cell-derived suppressor factor (TsF120- 
OAj. The preparation as weil as the functional and biologic 
properties of ThF120-OA and TsF120-OA have been described 
earlier.'”!? For the preparation of ThF120-OA, isolated T cells were 
cultured in a Marbrook-Diener system with OA (3 ug/ml) ina 
concentration of 5 x 10° cells in 2 mL of culture medium that 
consisted of RPMI 1640 (GIBCO, Grand Island, NY) with 100 
mmol/L glutamine, 5 x 19°* mol/L 2-mercaptoethanol, antibiotics, 
and 2% AB serum in the presence of 10% AC for 96 hours. After this 
culture period the cells were washed and recultured in a coneentra- 
tion of 5 x 10° cells/mL :n the presence of 3 ug OA/mL. After 24 
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hours at 37°C the supernatants were harvested and tested for 
OA-specific T helper cell activity. 

For the preparation of TsF120-OA the same protocol was applied 
except that 100 pg OA/mL was added to the culture during the first 
96 hours and the 10% AC was omitted from the culture." 

Cell cultures for the generation of PFC. The culture procedures 
are described in detail elsewhere.'*'* For the induction of OA- 
specific PFC, either PBL or purified B cells supplemented with 10% 
vol/vol ThF120-OA-containing supernatant were cultured for six 
days in the presence of 10% to 15% AC and 3 ug OA/mL. After that 
period the cells were harvested, washed three times, and assayed for 
plaque formation. 

For the determination of TsF120-OA activity, 10% vol/vol 
TsF120-OA-—containing supernatant was added to a culture of 5 x 
i0° PBL, 10% AC, and 3 ug OA/mL. After six days the number of 
PFCs was determined and compared with a control culture without 
TsF120-OA. 

PFC assay. This method has been described in detail.'*"* Brief- 
ly, OA-coated sheep RBC (SRBC) were centrifuged onto the bottom 
of flat-bottomed microtiter plates (3040, Falcon Labware, Oxnard, 
CA) that had been precoated with poly-L-lysine (100 g/mL). A 
quantity of 0.03 x 10° viable cultured cells was added to the 
OA-SRBC monolayers in a volume of 20 uL and incubated for one 
hour in the presence of 20 uL guinea pig serum (1:20) as a 
complement source. The PFCs that developed were enumerated by 
the use of an inverted microscope. 

The measurement of spontaneously antibody-producing cells. B 
cells prepared as described'* were tested for the presence of PFC 
immediately after isolation without any culturing in vitro. B cells of 
patients or normal donors were transferred to a monolayer of SRBC 
coated with either OA or tetanus toxoid (TT) and to a monolayer of 
uncoated SRBC. After a one-hour incubation at 37°C, the number 
of PFCs was determined. The antigens OA and TT were coupled to 
the erythrocytes by the method of Goding.” Concentrations used for 
the coupling procedure were 1,000 pg/mL for OA and 10 If/mL. for 
TT. 


RESULTS 


Serological and immunologic characteristics in patients 
and controls. Table | summarizes the various data on the 
patients that are relevant to the present study. The data show 
normal lymphocyte counts in all patients except two who 
showed decreased numbers, ie, lower than 1,500/uL (pa- 
tients 4 and 12). The T4+/T8+ ratio was below the control 
value of 0.93 (range, 0.93 to 3.43; mean, 1.79; n = 50)” in 
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three patients, and most patients showed hyperimmuno- 
globulinemia. In five patients, specific antibodies against 
HTLV-HI/LAV were demonstrated. In addition, all 
patients had serological evidence of past infections with 
hepatitis B virus, cytomegalovirus (CMV), and Epstein-Barr 
virus (EBV), respectively. 

The generation of PFC in vitro. The results depicted in 
Fig 1 demonstrate that the PBL of four out of 12 patients 
could not mount a PFC response with the optimal dose (3 
ug/mL) of the antigen OA: mean, 151.5 = 96.2 PFC/10° 
lymphocytes. The eight patients with a positive PFC 
response showed the same level of PFCs (mean, 
1,250.8 + 281.2) as the normal control donors: mean, 
1,052 + 216 PFC/10° lymphocytes. The control patients also 
responded normally (mean, 1,199 + 264). Since a negative 
PFC response may be caused by a dysfunction of antigen- 
presenting monocytes, T helper cells, T suppressor cells, or B 
cells, we designed experimental protocols in order to dissect 
functionally the various cellular activities. The activity of 
T4+ and T8+ cells was determined by their capacity to 
generate T helper factor and T suppressor factor respec- 
tively. T helper factor is produced by T cells after culturing 
the cells for 120 hours with autologous monocytes and 3 ug of 
the antigen OA. The supernatants of these cultures contain a 
factor that can only induce an OA-specific PFC 
response.”'”'? T suppressor factor is produced by T cells 
when they are stimulated by a high dose of the antigen (100 
ug OA/mL), preferably in the absence of monocytes. Under 
these conditions human T suppressor cells secrete an antigen- 
specific T suppressor factor that is capable of decreasing the 
PFC response by the fact that it inhibits antigen-specific T 
helper cell function.'*'? The B cell function of the patients 
was tested by the capacity to differentiate into PFC in the 
presence of OA-specific T helper factor derived from normal 
donor T cells. 

T cell function: T helper cell activity. When B cells and 
10% monocytes from a normal donor were cultured for six 
days in the presence of the ThF120-OA preparations of the 
four patients, it turned out that the ThF120-OA of each of 
the patients was perfectly capable of inducing the differen- 
tiation of normal B cells into PFCs (Fig 2). Because antigen 
presentation by monocytes is essential to generate T helper 
cell activity, these results prove also that the antigen-present- 


Table 1. Clinical and Laboratory Features of 12 Patients With Severe Hemophilia 








Hemophilia igG* igm* IgA 

No Age tyr} A/B Therapy {g/L} (g/t {g/L} 
1 7 A FVII conct 13.2 1.6 1.4 
2 8 A FEIBAT 24.7 12 14 
3 54 B PECH 26.4 3.1 1.7 
4 61 8 PCCt 18.4 2.6 2.9 
5 12 A FVIH conct 23.2 1.8 2.0 
6 20 A FVIII conc (USA)T 16.4 1.4 1.3 
7 23 A FVII conc + cryot 20.0 40 2.9 
8 27 A cryot 12.9 2.7 2.3 
9 28 A eryot 15.6 1.5 31 
10 33 B pee 16.0 3 2.8 
1 34 A eryot 12.4 7. 3.6 
12 48 A cryo$ 18.2 3.4 3.1 








Ly {total 4” T8 + T4/T8 PFC 
number/ul) iuli iu/L} {Ratio} Response HTLV-tH/LAV 

2.537 1,090 608 1.79 318 + 
2,704 346 1,082 0.87 102 

1,505 421 4,159 0.36 91 

1,110 477 610 0.78 35 

2.310 993 785 1.26 1.485 t 
1,960 1,038 764 1.36 1,275 

2,145 1.094 1.030 1.06 656 

1,750 892 700 1.27 1,250 

2,162 757 800 0.35 2,045 

2,584 1,494 465 2.39 1.186 

2.400 912 888 1.03 1.200 

1,127 541 406 1.02 910 





Abbreviations: Ly, lymphocytes: conc, concentrate; cryo, cryopreservation; FYI, factor Vill. 


*Normal value for adults imean + 1 SD): IgG, 9.0 + 2.17; IgM, 1.32 + 0.46; IgA, 1.44 + 0.55. 


+Greater than 50,000 U/yr. 
$Zero to 50,000 U/yr. 
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Fig 1. Antigen-dose dependency of the PFC response. A 


quantity of 5 x 10° PBL was cultured with various doses of OA. 
After six days at 37°C the PFC response was performed. C, 
normal controls {n = 52); 74, control patients {n = 6); E5, hemo- 
philia patients with a positive PFC response {n = 8): W, hemophilia 
patients with a negative PFC response (n = 4). 


ing function of the monocytes is normal in the patients with a 
negative PFC response. 

To demonstrate the antigen specificity of ThF120-OA, 
normal unprimed B cells were cultured with the various 
ThF120-OA preparations in the presence of the antigen 
SRBC. The results of the PFC response were as follows: 
B cells + THF120-OA of the patients + SRBC, 142 + 7 
PFC/10° B cells; B cells + ThF120-OA of normal donors + 
SRBC, 134 + 12 PFC/10* B cells. These results are only 
slightly above the background PFC response of B cells of 
normal donors cultured without ThF120-OA (94 + 11, see 
Table 2). We can conclude therefore that ThF120-OA 
produced by the patients’ T cells or T cells of normal donors 
was specific for the antigen OA. 

T suppressor cell activity. When PBL are cultured for 
six days in the presence of a high dose of antigen, the PFC 
response decreases to baseline levels (see Fig 1).” In previous 


ait 


Fig2. T helper cell activity 
of hemophila patients with a 
negative PFC response. B cells 
of normal donors were cultured 
with ThF120-OA (10%) prepa- 
rations derived from the four 
patients with a negative PFC 
response (O} as well as from 
coral pales mig normal donors (8). After six 

days the PFC response was 


donors negative PZ 
{a6} response (n=4i performed. 
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Tabie 2. Generation of a PFC Response by B Celis of Hemophilia 
Patients in the Presence of ThF120-OA From Normal Donors 
(Mean + SEM) 





PFC/10° B Cells 
ThF £20-OA + 








B Cell Source TRF 120-OA ~~ 
Normal donors (n = 5) 2,005 + 39 (44 + 3)* 94311 
Patients with a negative 

PFC response (n = 4) 144 + 7 (2 + 0.4)* 45 +6 
Patients with a positive 


PFC response (n = 3) 1,899 + 21 (22 + 4)* 6445 





*The anti-SRBC PFC responses are given in parentheses. No back- 
ground response is demonstrable when & cells are cultured for six days in 
the absence of antigen. 


papers we have shown that in normal donors the decline of 
the response is due to the activation of T suppressor-effector 
cells (T8 + cells).’ 

Because of the fact that the PFC response of four of the 
hemophilia patients was found to be negative, the possibility 
existed that the low response was due to an excessive T 
suppressor-effector cell function. Therefore we determined 
the capacity of patients’ T8+ cells to produce TsF120-OA. 
The T suppressor cell activity was determined by adding the 
TsF120-OA-—containing supernatant in graded quantities to 
normal PBL cultured with an optimal dose of the antigen 
OA. 

The results depicted in Fig 3 show that TsF120-OA from 
these four hemophilia patients caused a subnormal suppres- 
sion of the PFC response in low concentrations but a norma! 
suppression in concentrations of 5% and 10% vol/vol. 

B cell function: Capacity of resiing B cells to differentiate 
into PFC. Since the monocyte, T helper and T suppressor 
cell functions of the patients appeared to be intact, we 
wondered whether the negative PFC response was due to a 
defect in the B cell compartment. In order to test the capacity 
of B cells of our patients to differentiate into PFC, we 
prepared ThF120-OA from T cells and monocytes of normal 
donors and determined the capacity of the patients’ B cells to 
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patients with a negative PFC response. PBL of normal donors were 
cultured with TsF120-OA preparations derived from the four 
patients with a negative PFC response {O} as well as from normal 
donors (@). 
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differentiate into PFC by culturing them with 10% normal 
ThF120-OA. The results of the PFC assay (Table 2) demon- 
strate that the patients whose PBL could not be induced to 
the formation of PFC in the presence of 3 ug OA/mL (Fig 1) 
did not appear to have B cells in their peripheral blood that 
could differentiate into PFCs in the presence of ThF120- 
OA. 

Spontaneous IgM secretion. When normal B cells are 
applied directly to an OA-SRBC monolayer without any 
culture procedure, no specific antibody response is observed. 
In Table 3 it is clearly shown that, unlike the patients with a 
positive PFC response, the B cells present in the peripheral 
blood of the four hemophilia patients with a negative PFC 
response spontaneously secrete anti-OA antibodies. This 
spontaneous antibody response is not limited to an anti-OA 
response. We could also demonstrate the presence of B cells 
secreting antibodies spontaneously with specificity for sheep 
erythrocytes and TT (Table 3). 


DISCUSSION 


To obtain a better understanding of the biologic signifi- 
cance of the immunologic alterations found in healthy hemo- 
philia patients, we studied the capacity of the lymphocytes of 
12 patients to generate an OA-induced PFC response. The 
results show that in four out of 12 patients the specific 
antibody response in vitro against antigens like OA was 
negative (Table | and Fig 1), which could be confirmed on 
several occasions (data not shown). It came out that in each 
of these four patients an infection with HTLV-IH/LAV 
could be shown. Only one patient with specific antibodies 
against this virus had a normal PFC response (Table 1). 

The negative PFC response was not due to a dysfunction of 
the T helper cells, since every patient was capable of generat- 
ing antigen-specific T helper cell factor (Fig 2). The latter 
finding implies that the capacity of monocytes to present 
antigen to T helper cells also is not affected." Furthermore 
the proliferative response of the lymphocytes to either of the 
antigens TT or Candida albicans appeared to be positive in 
the patients with a negative PFC response (data not shown). 
We may conclude that in contrast to the data obtained in 
AIDS patients” no selective defect in the recognition of 
soluble antigen by T4+ cells could be demonstrated. The 
negative PFC response in four patients was not due to an 
excessive T suppressor-effector cell function either because 
we could show that the T cells of these patients did not 
produce an excess of TsF120-OA activity as compared with 


Table 3. Spontaneous igM Antibody Secretion by Peripheral 
Blood B Celis of Hemophilia Patients Without Prior in Vitro 
Activation (Mean + SEM) 





PFC/10° B Celis 








B Cells aA aRBC att 
Normal donors 0 2 (e 
Patients with a negative PFC 
response (n = 4) 205 + 69 304 + 71 423 + 46 
Patients with a positive PFC 
response {n = 8) 0 5 2 





Abbreviation: œ, anti-. 
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normal control donors, but on the contrary, they exhibited a 
lower TsF120-OA activity. 

We investigated also whether the low TsF 1 20-OA activity 
was a result of a prior activation in vivo in such a way that the 
cells could no longer be restimulated in vitro for the produc- 
tion of TsF120-OA. If so, spontaneous T suppressor cells, 
they can be found as in the peripheral blood of agammaglo- 
bulinemic patients, for example,” should be present. How- 
ever, no such activity could be demonstrated (data not 
shown) that supports our aforementioned conclusion that the 
negative PFC response is not caused by a direct activity of T 
suppressor cells. 

However, we could demonstrate that the peripheral blood 
of patients with a negative PFC response contained B cells 
that spontaneously secreted antibodies of various specificities 
(Table 3). In each case the presence of these antibody- 
secreting cells in the peripheral blood coincided with an 
absence of a response of patients’ B cells to ThF120-OA. 
Comparable phenomena have been described by Lane et al,” 
who reported in vivo polyclonal B cell activation and a lack of 
or a deficient antibody production in AIDS patients and in 
HTLV-IH/LAV-positive patients, respectively; Pahwa et 
al% could also demonstrate a severe impairment of B cell 
function in these patients. More recently. increased sponta- 
neous immunoglobulin secretion by B cells of hemophiliacs 
has been found in addition to decreased pokeweed mitogen- 
induced immunoglobulin production.” 

‘t Hart et al? have shown recently that in our culture 
system only resting B cells bearing IgM and IgD on their 
surface are activated in vitro by OA in the presence of T 
helper cells or T helper cell factor. When B cells are activated 
(in vivo or in vitro) to the stage that they have lost their 
surface IgD, they are no longer sensitive to antigen-specific T 
helper cell signals.” When we consider the results presented 
in this paper in the light of these data, we are inclined to 
hypothesize that the negative PFC response is due to the fact 
that the B cells of these patients are no longer in a resting 
phase but are already activated in vivo and consequently no 
longer sensitive to the signals derived from OA-specific T 
helper cells. 

Characterization of B cells secreting antibodies sponta- 
neously as well as of the PFC that are generated in our assay 
system have revealed that they are not high-rate~secreting 
plasma cells with a blastlike appearance but are B cells that 
have only differentiated into the excited state (the G1 phase) 
of the cell cycle.’ This transition is accompanied by a 
decrease in cell density and some rounds of replication during 
which the cell loses its surface IgD and the expression of 
HLA-DR increases. ©? Unanswered is the question whether 
these activated B cells present in HTLV-HIE/LAV~positive 
hemophilia patients play a regulatory role in vive, Recently 
De Kruyff et al” have shown in the murine system that 
activated B cells play a regulatory role by the tact that they 
can stimulate antigen-specific T cells in the absence of 
antigen. The authors showed that only B celis in the GI 
phase of the cell cycle possess this property. Preliminary 
experiments in our laboratory have already shown that B 
cells in an activated state can trigger T4+ cells in the 


absence of antigen to become T suppressor-inducer cells” 
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(data not shown). Second, we have evidence that in hemo- 
philia patients the presence of activated B cells in the 
peripheral blood coincides with a functional absence of T4 + 
suppressor-inducer cells (manuscript in preparation). 

In view of the data presented here we raise the hypothesis 
that treatment of hemophilia patients induces activation of 
the immune system by transfused blood products such as 
factor VIH or IX concentrates and by contaminating viruses 
such as EBV and CMV. This stimulation of the immune 
system may perturb the normal homeostasis, and sometimes 
hyperimmunoglobulinemia and a reversed T4/T8 ratio will 
be the result. This state of the immune system might be 
susceptible to further dysregulation but need not be charac- 
terized as a pathological status per se. When, however, the 
treated hemophilia patient is confronted with a HTLV- 
HI/LAV infection, this may lead to a further perturbation of 
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the newly achieved equilibrium, which will result in more 
severe functional abnormalities as described here for the four 
patients with a negative PFC response and a positive anti- 
body response to HTLV-IH/LAV. The one patient with 
antibodies against HTLV-III[/LAV and a normal PFC 
response may represent the status of a recent infection with 
this virus. 
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Fate of the DNA in Plasmid-Containing Escherichia coli Minicells Ingested 
by Human Neutrophils 


By Henry B. Fox, Pietro De Togni, Geraid McMahon, Stuart B. Levy, John S. Robinson, Morris J. Karnovsky, 
and Bernard M. Babior 


Escherichia coli minicells containing the plasmid pSC101 
(~10 kb) or pBR322 (~4 kb) were opsonized and incubated 
with human neutrophils. The neutrophils responded to the 
minicells as they would to native E coli: they ingested the 
minicells, discharged their granule contents into the mini- 
cell-containing phagosomes, and expressed a respiratory 
burst. After one hour of incubation, the fate of the ingested 
plasmid DNA was examined. No DNA degradation was 


HE MAJOR FUNCTION of neutrophils is to kill invad- 
ing bacteria. For this purpose, the neutrophil uses a 
variety of microbicidal systems, some dependent on oxygen 
and others not. Recent work from many laboratories has 
elucidated the identities and modes of production of some of 
the microbicidal agents used by these systems, but only a few 
studies have dealt with the nature of the fatal lesion inflicted 
by these agents on the target bacteria. An elegant series of 
studies by Elsbach and associates has established that a potent 
microbicidal protein from rabbit and human neutrophils kills 
Gram-negative bacteria by destroying the permselectivity of 
their outer cell walls.’ Investigations on oxygen-dependent 
killing by Thomas’? and by Hurst and collaborators’ have 
shown that the microbicidal oxidants produced by neutrophils 
cause the rapid oxidation of certain bacterial constituents, 
notably sulfhydryl groups. nucleotides, and redox enzymes 
bearing hemes or iron-sulfur clusters as prosthetic groups. The 
rate of oxidation of these constituents, however, seems to be 
slower than the rate of killing of the oxidant-exposed bacte- 
ria, thus suggesting that the bacteria have already been 
fatally injured by the time those oxidation reactions have 
begun. Aside from these results, information on the lethal 
molecular lesion is rather scanty. 
We have initiated studies on the molecular basis for 
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detected by trichloroacetic acid precipitation or agarose 
gel electrophoresis. Moreover, when pBR322 recovered 
from ingested minicells was transformed into E coli, no 
mutations in either of the antibiotic resistance genes 
carried by the plasmid were detected out of many thousand 
transformants screened. These findings confirm the sur- 
prisingly limited effect of neutrophils on ingested DNA. 

© 1987 by Grune & Stratton, Inc. 


bacterial killing by neutrophils while concentrating on the 
bacterial genome as a potential site of lethal damage. For 
these studies, we have used an experimental system that 
permits a detailed analysis of the action of the neutrophil on 
ingested DNA. This system consists of E coli minicells 
containing one to three molecules of plasmid DNA. Mini- 
cells, which are approximately one tenth the size of a norma! 
E coli,“ are produced during abnormal cell division of an E 
coli mutant derived by Adler et aF that buds from the pole of 
this mutant approximately every other cell division.’ The 
minicells contain none of the DNA from the E coli genome, 
but they do contain DNA from plasmids in the host cell that 
have segregated into the minicell during its formation.“ In 
this paper, we report on the fate of plasmid DNA from 
minicells that have been ingested by human neutrophils. 


MATERIALS AND METHODS 


Human neutrophils were prepared by dextran sedimentation and 
differential centrifugation as described elsewhere." PH] Thymidine 
(50 Ci/mmol) was purchased from New England Nuclear (Boston). 
Media were obtained from Difco Laboratory (Detroit). Adenosine, 
pyridoxine, amino acids, lysozyme, pronase, RNase A, cytochrome ¢ 
(type VI) and superoxide dismutase (bovine erythrocytes) were 
purchased from Sigma Chemical Co (St Louis). Dulbecco's phos- 
phate-buffered saline (PBS) was purchased from GIBCO (Grand 
Island, NY). Agarose was obtained from BRL Laboratories, Bethes- 
da, MD. Other reagents were the best quality commercially avail- 
able and were used without further purification. 

Minicelis. Minicells were prepared from two plasmid-contain- 
ing derivatives of the E coli minicell-producing strain DO-7*: D1 9-3, 
containing the plasmid pSC101, and 020-6, containing the plasmid 
pBR322. Strains were grown in L broth mixed 1:4 with ML. 
medium’? and supplemented with glucose (0.5%), adenosine (20 
ug/mL), pyridoxine (20 ug/mL), and 10 g/mL each of histidine, 
methionine, valine, and isoleucine. For labeling plasmid DNA, 
minicell strains were grown overnight at 37°C with aeration in 
(H]thymidine (4 nCi/mL). Minicells were purified from the cul- 
tures by established methods.** Residual E coli were destroyed by 
suspending the resultant minicell pellet in 200 mL of fresh L. broth 
and incubating for 50 minutes at 37°C with penicillin (1,500 
U/mL)."” The purified minicells were then isolated by centrifuga- 
tion at 12,000 g for ten minutes at room temperature, washed twice 
with PBS, and suspended in PBS to a concentration of 10° 
minicells/ML (Asso am = 1-0). 

Phagocytosis in minicells. Minicell uptake was measured by 
using minicells containing labeled plasmid DNA. Reaction mixtures 
contained 5 x 10° neutrophils and 10° labeled minicells in 0.2 mL 
PBS containing 10% (vol/vol) autologous serum. Incubations were 
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carried out on a rocking platform at 37°C for the times noted. 
Phagocytosis was terminated with 5 mL of ice-cold 0.9% saline. 
Phagocytes were separated from uningested minicells by centrifuga- 
tion at 50 g for ten minutes at 4°C, washed three times with ice-cold 
0.9% saline, and dissolved by heating for one hour at 55°C in 0.5 mL 
of 0.1 mol/L NaOH. After neutralization with concentrated HCI, 
the solubilized neutrophils were mixed with Biofluor, and radioactiv- 
ity was determined by liquid scintillation counting. 

O;° production by neutrophils incubated with opsonized mini- 
cells. Reaction mixtures contained 1.25 x 10° neutrophils, 5 x 10° 
unlabeled minicells, and 0.8 mg cytochrome c in 1.0 mL PBS 
containing 10% (vol/vol) autologous serum. Incubations were car- 
ried out at 37°C for the times noted. Reactions were terminated with 
10 uL superoxide dismutase (3 mg/mL), and O,” production was 
determined by measuring cytochrome c reduction spectrophotome- 
trically as described elsewhere’* against a blank containing all 
constituents except the neutrophils. 

Cytochemistry. H,O, production by neutrophils was localized 
by cerium staining as described by Briggs et al.’ Neutrophils (107 
cells) were incubated with 2 x 10'° minicells for five minutes at 37°C 
in 0.2 mL PBS containing 10% (vol/vol) autologous serum. Phago- 
cytosis was stopped by adding 2 mL of ice-cold 0.1 mol/L Tris- 
maleate buffer (pH 7.5) containing 5% sucrose. The cells were 
pelleted by centrifugation at 50 g for ten minutes at 4°C and then 
washed twice with additional Tris-maleate. The washed cells were 
then incubated in a cerium-containing cytochemical medium for 
H,O, localization” for 20 minutes at 37°C. Following incubation in 
the cytochemical medium, the cells were quickly washed twice in 0.1 
mol/L Tris-maleate (pH 7.5) containing 5% sucrose and then 
washed once in 0.1 mol/L cacodylate buffer (pH 7.3) containing 5% 
sucrose. The cells were subsequently fixed for one hour at room 
temperature in 3% glutaraldehyde—0.1 mol/L cacodylate (pH 7.3) 
containing 5% sucrose. The fixed cells were washed four times in 0.1 
mol/L cacodylate and then postfixed for one hour at room tempera- 
ture in 2% OsO,-0.1 mol/L cacodylate (pH 7.3). The cells were then 
dehydrated in a graded series of ethanols and embedded in Epon. 
Controls were incubated in an identical fashion except that they 
were not given a phagocytic stimulus. 

Degranulation into minicell-containing phagocytic vesicles was 
evaluated cytochemically by using the myeloperoxidase stain. Neu- 
trophils (107 cells) were incubated with 2 x 10'° minicells for five 
minutes at 37°C in PBS containing 10% (vol/vol) autologous serum. 
Phagocytosis was stopped by adding ice-cold 0.9% saline, and the 
cells were pelleted by centrifugation as described earlier. The 
resulting cell pellets were resuspended in 2% glutaraldehyde in PBS, 
fixed for 45 minutes at room temperature, and washed in PBS four 
times. Myeloperoxidase activity was demonstrated in the fixed cells 
by using the diaminobenzidine method of Graham and Karnovsky.’* 
The cells were incubated in the cytochemical medium for 30 minutes 
at 37°C and then washed four times in 0.1 mol/L phosphate buffer 
(pH 7.2). Washed cells were then postfixed, dehydrated, and embed- 
ded in Epon as described before. 

For electron microscopy, thin sections were cut with a diamond 
knife and collected on uncoated copper grids. Sections were stained 
with lead citrate and uranyl acetate and examined in a Philips 200 
electron microscope operated at 60 kV. 

Determination of stability of ingested plasmid DNA in neutro- 
phils. Reaction mixtures containing 7.5 x 10° neutrophils and 
1.5 x 10° PH]thymidine-labeled minicells in 0.3 mL PBS with 10% 
(vol/vol) serum were incubated for five minutes at 37°C. The 
reaction mixtures were then centrifuged at 50 g for ten minutes at 
4°C to separate the phagocytes from the uningested minicells. The 
neutrophil pellet was washed once with ice-cold PBS and then 
resuspended in 0.3 mL PBS. The suspension was divided into two 
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150-uL aliquots. Half of the first aliquot was immediately spotted 
onto a glass fiber filter in preparation for the measurement of total 
radioactivity, and the other half was treated with trichloroacetic acid 
(TCA) (2 mL of 10% [vol/vol] acid) followed by bovine serum 
albumin (1.0 mL of a solution containing albumin at 10 mg/mL) 
and then centrifuged at 800 g for ten minutes at 4°C. The second 
aliquot was incubated at 37°C for an additional 55 minutes and then 
was treated exactly like the first. The glass fiber filters and TCA 
precipitates were incubated at 55°C for one hour with 0.5-mL 
portions of 0.1 mol/L NaOH to dissolve the proteins. After neutrali- 
zation with HCI, the amounts of radioactivity in the solubilized 
samples were determined by liquid scintillation counting using 
Biofluor. Radioactivity in the supernatants was determined by 
counting 0.5-mL portions in Biofluor and then using this figure to 
calculate the total. Total TCA-precipitable and TCA-soluble 
radioactivity was also measured in uningested minicells, 3 x 108 
minicells were used for the measurements of total radioactivity as 
well as for the measurements of the TCA-precipitable v TCA- 
soluble counts. 

Isolation of ingested plasmid DNA. Reaction mixtures con- 
tained 2.5 x 10° neutrophils and 5 x 10° minicells (labeled with 
[P H]thymidine for the gel electrophoresis experiments, unlabeled for 
the transformation experiments) in 0.5 mL PBS containing 10% 
(vol/vol) autologous serum. Incubations were carried out in I-mL 
Eppendorf tubes for one hour at 37°C. Incubations were terminated 
by chilling in melting ice, and phagocytes were separated from 
uningested minicells by centrifugation at 50 g for ten minutes at 4°C. 
The cells were washed three times with 0.9% saline and then were 
ruptured by treatment at 0°C with 0.5 mL of lysis buffer (0.34 
mol/L sucrose, 20 mmol/L Tris CF [pH 7.4], 25 mmol/L KCI 20 
mmol/L Na, EDTA, and 0.75% [vol/vol] Triton X-100). The 
neutrophil nuclei, which remained intact during this treatment (as 
determined by DNA measurement), were removed by centrifugation 
at 800 g for ten minutes at 4°C. The supernatant was then mixed 
with a 0.1 vol of lysozyme solution (final concentration, | mg 
lysozyme/mL) and incubated for 15 minutes at 37°C to begin the 
dissolution of the minicells.'? Dissolution was completed by adding 
0.1 vol each of pronase and RNAse A (final concentrations, 0.2 
mg/mL and 50 pg/mL, respectively) and incubating for an addi- 
tional 2.5 hours at 37°C. The solution was then mixed with 0.1 vol of 
DNA extraction buffer (200 mmol/L NaCl and 10 mmol/L 
Na,EDTA) and extracted twice with phenol/CHCI,/isoamy! alco- 
hol (24:24:1, vol/vol). DNA was then precipitated from the aqueous 
layer by adding 2 vol of ice-cold 95% ethanol and allowing the 
mixture to stand overnight at — 20°C."* The precipitated DNA was 
isolated by centrifugation for ten minutes at full speed in an 
Eppendorf centrifuge at 0°C and then dried and dissolved in 20 uL of 
10-1 storage buffer (10 mmol/L Tris chloride, pH 8.0, and I 
mmol/L Na,EDTA). The same procedure was used to extract DNA 
from the control ingested minicells that had been incubated in PBS 
for one hour at 37°C except that the minicells were pelleted by 
centrifugation at 12,000 g for ten minutes at room temperature 
before adding lysis buffer. 

Agarose gel electrophoresis. Ten-microliter portions of minicell 
DNA in 10-1 storage buffer were subjected to electrophoresis on 1% 
neutral (Tris-acetate-EDTA buffer) and alkaline agarose gels as 
described elsewhere.'® The location of the DNA was determined by 
slicing the gel into 1-cm lengths, placing the slices in scintillation 
vials, adding 0.5 mL | mol/L HCI, heating briefly in a microwave 
oven to melt the agarose, and measuring the radioactivity in a liquid 
scintillation counter with Biofluor as the scintillant. 

Detection of mutations. Mutations in the antibiotic resistance 
genes of pBR322 were sought by replica plating and by selection on 
fusaric acid. For these experiments, E coli HB 101 was transformed 
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with DNA isolated from minicells carrying the plasmid pBR322. 
Transformation was carried out exactly as described by Cohen et al” 
using | to 40 ug DNA per incubation. In some experiments, the 
transformed bacteria were selected on L agar containing 30 g/mL 
ampicillin or 5 ug/mL tetracycline, and mutant plasmids (ie, those 
transforming E coli to resistance to one of the antibiotics but not the 
other) were sought by replica plating of colonies onto agar contain- 
ing the antibiotic on which they were not originally grown. The 
antibiotic sensitivity of putative mutants was confirmed by reculture 
of the master colonies on appropriate agar. 

For other experiments, fusaric acid was used to identify mutations 
causing a loss of tetracycline resistance?” The transformed E coli 
were grown on agar containing 0.3% each bacto-tryptone and yeast 
extract, 0.1 mol/L NaCl, 0.075 mol/L NaH,PO,, 0.1 mol/L ZnCl, 
20 ng/mL ampicillin, and 6 or 7 ug/mL fusaric acid. (These 
concentrations of fusaric acid were chosen because in our system 
they inhibited the growth of E coli Hb101 carrying pBR322 fie, 
amp’ tet'] but not pUCI8 [amp’ tet°]). Growth on this agar of HB 
101 carrying a mutant of pRL6 that confers resistance to tetracy- 
cline at 5 ug/mL but not 25 pg/mL was partially inhibited. 
Antibiotic sensitivity of colonies growing on the fusaric acid plates 
was confirmed by replica plating onto agars containing 5 pg/mL. 25 
ug/mL tetracycline, and 20 ng/mL ampicillin. 


RESULTS 


Interaction between neutrophils and minicells. Experi- 
ments were conducted to determine the extent to which 
minicells resembled normal bacteria in their interactions 
with neutrophils. Opsonized plasmid-containing minicells 
were readily taken up by neutrophils. (Fig 1). Uptake was 
complete by ten minutes, and fully engorged neutrophils 
contained ~200 minicells per phagocyte under the conditions 
used. Opsonized minicells also induced the neutrophils to 
manufacture O,” (Fig 2). Rates of O,` production were 10% 
to 20% of the rate seen with phorbol myristate acetate, the 
most effective respiratory burst activator. With the usual 
particulate activators (eg, zymosan” or native £ coli), 0,7 
production by neutrophils ceases after 20 to 30 minutes; 
minicell-induced O,” production, however, proceeded at a 
relatively constant rate for at least 40 minutes. Minicell 
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Fig 1. Uptake of minicelis by neutrophils. The experiments 
were conducted as described in Materials and Methods. The 
specific activities of the minicells were 80.9 cpm/10° minicelts for 
strain D19-3 (containing pSC101) (©) and 24.9 cpm/10° minicelis 
for strain 020-6 (containing pBR322) (@). Results are presented as 
the mean + 1 SEM of three experiments. 














FOX ET AL 
20+ 
+ 
+ 2 
3 H $ mi 
A Pa 
N 
g oF ra 
© pe 
£ ae 
heist OB J a 
oO 
ee 
ea 
ae vee ae Se si r Coens Ad 
1G 20 30 40 


Time (min) 


Fig2. O, production by neutrophils stimulated by opsonized 
minicells. The experiments were conducted as described in Mate- 
rials and Methods. Results are presented as the mean + 1 SEM of 
three experiments (strain D20-6) (@®) or the mean + range of two 
experiments (strain D19-3) (O). 


uptake was not affected by the plasmid carried in the 
minicell, but O,” production was somewhat lower with 
pSC101-containing minicells than with pBR 322-containing 
minicells. 

Morphological studies established that most of the uptake 
of minicells by neutrophils represented true phagocytosis and 
showed further that respiratory burst oxidants were released 
into the minicell-containing phagocytic vesicles. This is seen 
in Fig 3, an electron micrograph of a neutrophil that was 
incubated with opsonized minicells and then treated with a 
stain that deposits an electron-dense precipitate at sites of 
H,O, production, It shows that most of the neutrophil- 
associated minicells are contained within phagocytic vesicles, 
though some are attached to the cell surface. Electron-dense 
reaction product representing sites of H,O, release was found 
within many of the phagocytic vesicles (~50% of the mini- 
cell-containing vesicles showed detectable reaction product) 
as well as over portions of the cell surface of the minicell- 
containing neutrophils. These results provide evidence that 
some of the H,O, generated during the minicell-stimulated 
respiratory burst was actually delivered into phagocytic 





Fig 3. H,O, release into minicell-containing phagocytic 
vacuoles. The figure shows an electron micrograph of a portion of 
a neutrophil that had ingested minicelis for five minutes and was 
then stained cytochemically to localize H,O, production. Note the 
presence of electron-dense reaction product indicating sites of 
H,0, release within phagosomes (arrows) and on part of the cell 
surface (arrowheads). Urany! acetate and lead citrate staining was 
used. For further details see the text. 
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vesicles. Reaction product was not found in control neutro- 
phils that had not been exposed to minicells (not shown). 

Granules were found to fuse with minicell-containing 
phagocytic vesicles, delivering their contents into the vesicle 
interior. This was shown by the cytochemical demonstration 
of the azurophil marker myeloperoxidase within the phago- 
cytic vesicles (Fig 4). Electron-dense reaction product was 
seen within most phagocytic vesicles within ten minutes after 
initiation of particle uptake. 

These findings show that an encounter between neutro- 
phils and opsonized minicells leads to phagocytosis, degranu- 
lation, and respiratory burst activation. Neutrophils thus 
appear to handle E coli minicells in the same manner as 
normal bacteria. 

Failure of neutrophils to degrade the plasmid within the 
ingested minicells. Neutrophils are equipped to degrade a 
variety of ingested high (protein, polysaccharide) and low 
(phospholipid) molecular weight substances. It therefore 
seemed likely that they would be able to break down the 
plasmid DNA molecules contained within the ingested mini- 
cells. Several experiments were performed to test this possi- 
bility. 

One experiment was designed to determine whether the 
ingested plasmid was degraded to small fragments. In this 
experiment, a suspension of neutrophils that had been loaded 
with opsonized minicells containing the [ H]thymidine- 
labeled plasmid pSC101 was divided into two portions. One 
portion was treated immediately with TCA, whereas the 
other portion was treated with TCA after a 55-minute 
incubation. The radioactivity in the precipitates and super- 
natants from the TCA-treated samples was then measured. 





Fig 4. Discharge of myeloperoxidase into minicell-containing 
phagocytic vacuoles. The figure shows an electron micrograph of a 
portion of a neutrophil that had ingested minicells for five minutes 
and was then stained for myeloperoxidase. Electron-dense reac- 
tion product demonstrating myeloperoxidase activity is evident 
within the azurophil granules (A) and minicell-containing phago- 
somes (arrows). The specific granules (S) lack reaction product. 
Minicells bound to the surface but not yet internalized are also 
evident (arrowheads). Uranyl acetate and lead citrate staining was 
used. For further details see the text. 
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The results (Table 1) show that the distribution of label 
between the precipitate and the supernatant was similar for 
the unincubated and incubated samples. Furthermore, there 
was much more TCA-soluble radioactivity in minicells that 
had never been exposed to neutrophils than there was in the 
ingested minicells, which suggests that most of the low- 
molecular weight labeled material had leaked out of the 
minicells shortly after they were taken up into the neutro- 
phils, a reflection perhaps of a loss in bacterial membrane 
permselectivity. These results indicate that the ingested 
plasmid DNA was not broken down by the phagocytes to 
TCA-soluble fragments during the course of the incubation. 

The foregoing experiment showed that the DNA in the 
phagocytosed minicells was not cut into small pieces, but it 
did not rule out lesser degrees of strand breakage. The 
possibility of limited strand breakage was investigated by 
taking advantage of the gel electrophoretic properties of 
plasmids such as pSC101.* In their native form, these 
plasmids consist of closed, circular, double-stranded DNA, 
extensively supercoiled. The introduction of a single nick in 
one of the DNA strands allows the supercoil to unwind and 
relax the plasmid structure. In the case of pSC101, the 
electrophoretic mobilities of the native and relaxed forms are 
sufficiently different that they are readily separated on a gel. 
Consequently, it is possible to detect the introduction of a 
single nick in the plasmid DNA by demonstrating a shift in 
its electrophoretic mobility from the native to the relaxed 
form. For the experiment, plasmid DNA recovered from 
neutrophils that had ingested minicells containing PH]- 
labeled pSC101 was purified by alcohol precipitation and 
subjected to agarose gel electrophoresis. Control plasmid 
DNA from uningested minicells was carried through the 
same procedure. The mobility of the plasmid DNA was 
determined by slicing and counting the gels. The results (Fig 
5, left) show that the proportion of native to nicked pSC101 
was similar in the ingested and control plasmid samples, thus 
indicating that few new nicks were introduced by the neutro- 
phils into the ingested plasmid. Furthermore, little of the 
radioactive DNA in the ingested plasmid sample migrated 
more rapidly than native plasmid. This finding indicates that 
there was little fragmentation of the ingested plasmid into 
linear double-stranded pieces because these would have 
migrated in the gel as a broad radioactive band of high 
mobility. From these results, we conclude that the microbici- 
dal systems of the neutrophil caused very little strand 
breakage in the ingested DNA. 

A form of damage that would have been overlooked by the 
foregoing techniques is depurination (loss of bases without 
damage to the DNA sugars or backbone). Depurination 
alone does not cause strand breakage, so its effect on the 
electrophoretic mobility of the plasmid would be small. The 
elimination of bases, however, generates sites at which the 
DNA molecules will break when exposed to high pH values.” 
Accordingly, depurinated DNA subjected to alkaline elec- 
trophoresis will cleave into fragments. Because of their size, 
these fragments will migrate more rapidly than undamaged 
DNA so that the occurrence of depurination in a DNA 
sample may be tentatively established from the electropho- 
retic mobility of the DNA in an alkaline gel. 
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Table 1. Lack of Degradation of ingested Piasmid DNA to TCA-Soluble Material 
Proportion of 
Radioactivity ( ) Radioactivity Totai 
Duration of emoectyiy Seam in Supernate Radioactivity Recovery* 
incubation Precipitant In Supernate (%) (cpm) (9%) 
5 min 348 + 78 327 + 98 48.3 + 11.4 648 + 94 100.7 + 4.5 
60 min 286 + 29 387 + 87 56.6 + 2.9 632 + 40 105.0 + 10.9 
None 541 + 29 2,313 + 168 81.0 + 0.4 2,949 + 198 








96.8 + 1.2 





Experiments were conducted as described in Materials and Methods. Results are presented as the mean + 1 SE of three experiments. 


“(cpm in precipitate + cpm in supernate)/cpm on filter. 


To determine whether DNA in the ingested minicells had 
undergone depurination, [*H]-labeled pSC101 recovered 
from the ingested minicells was subjected to alkaline gel 
electrophoresis along with a control sample of intact plasmid 
DNA. The results (Fig 5, right) showed that the mobility of 
the ingested plasmid DNA was the same as that of the 
control. These results strongly suggest that the ingested 
DNA underwent little if any depurination. 

Mutation of the plasmid within the ingested mini- 
cells. The foregoing results indicate that there is little gross 
damage or disruption in the integrity of a plasmid DNA 
molecule within a minicell that has been ingested by a 
neutrophil. Prior studies, however, have suggested that neu- 
trophils are able to alter DNA structure’? because expo- 
sure to these cells leads to the reversion of mutant bacteria to 
the wild phenotype (Ames test strains of Salmonella typhi- 
murium lose their histidine requirement, and light produc- 
tion is restored to dark mutants of the chemiluminescent 
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microorganism Photobacterium fischeri) and to the appear- 
ance of sister chromatid exchanges in cultured fibroblasts. 
Experiments were therefore carried out to determine 
whether neutrophils were able to induce mutations in the 
DNA within an ingested minicell. 

The plasmid used in these experiments was pBR322, a 
small plasmid (4363 base pairs [bp]) that specifies resistance 
to ampicillin and tetracycline.” Minicells containing this 
plasmid were fed to neutrophils, and after one hour the 
ingested plasmid DNA was isolated and used to transform a 
competent strain of antibiotic-sensitive E coli by selecting for 
antibiotic resistance by growth on plates containing either 
ampicillin (30 wg/mL) or tetracycline (5 ng/mL). Colonies 
appearing on these plates were then tested for resistance to 
the other antibiotic by replica plating. Since colonies derived 
from bacteria transformed by native pBR322 should be 
resistant to both ampicillin and tetracycline, any colony that 
was resistant to one antibiotic but sensitive to the other would 


Control plasmid 


ingested plasmid 


Fig 5. Gel electrophoresis of 
plasmid DNA from ingested and 
uningested minicells. Experi- 
ments were conducted as de- 
scribed in Materiais and Meth- 
ods. (A), neutral gel: (B) alkaline 
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have to have been derived from a bacterium that had been 
transformed by a plasmid carrying a mutation in the gene 
coding for resistance to the second antibiotic. 

In a representative experiment in which 1,266 transfor- 
mants (663 initially selected with ampicillin and 603 with 
tetracycline) were obtained with control pBR322 and 1,160 
transformants (589 ampicillin and 571 tetracycline) with 
pBR322 isolated from ingested minicells, replica plating 
revealed ro mutants in either group. Mutants also failed to 
appear in three other experiments in which transformants, 
though net counted, were plated at a density estimated to be 
similar to that used in the first experiment. 

Tet’ mutants were also sought by a positive selection 
method that allows 10° colony-forming units to be screened 
for tetracycline sensitivity with relative ease. This method is 
based on the ability of tetracycline-sensitive but not tetracy- 
cline-resistant E coli to grow on fusaric acid.”’? From three 
separate experiments, 436,000 ampicillin-resistant transfor- 
mants were obtained, 96 of which were found to grow on 
fusaric acid. Replica plating, however, showed that none of 
these 96 were sensitive to tetracycline. 

These results suggest that the incidence of mutation in 
DNA ingested by neutrophils must be quite low, although 
estimating an exact mutation rate is difficult because of the 
possible occurrence of mutations that are not detected by the 
technique used. In any case, these findings together with the 
observations described in earlier sections indicate that neu- 
trophils have little effect on ingested DNA. 


DISCUSSION 


Earlier studies on the fate of DNA ingested by neutrophils 
have yielded results similar to those reported here. Both 
Elsbach’s group” and Rozenberg-Arska et al” found that 
neutrophils had little ability to degrade £ coli DNA, whether 
chromosomal (measured as the release of [H]thymidine into 
TCA-soluble material) or plasmid (measured as a loss of the 
ability to transform fresh bacteria to ampicillin resistance). 
Similarly. Lamers et al studying the interaction of DNA- 
anti-DNA, complexes with phagocytes found little degrada- 
tion of ingested DNA by neutrophils.” Our own work, which 
used more sensitive assays than did the earlier studies, 
confirms the surprisingly limited effect of neutrophils on 
ingested DNA. On the other hand, Birnboim and colleagues 
have provided evidence that endogenous DNA of neutrophils 
was extensively cleaved by the oxidizing agents generated by 
the cells when they were activated.**** The apparent discrep- 
ancy between Birnboim’s results and those reported here 
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might be explained by differences in target size, which is over 
100,000 times greater for the human genome (2.7 x 10° kb) 
than for the plasmid used in our experiments. 

If it is assumed that the present findings obtained with € 
coli minicells containing plasmid DNA can be extended to 
the full genome of a complete E coli, it is then possible to use 
them to estimate the rate of cleavage of the genomic DNA of 
a microorganism that has been ingested by a neutrophil. 
Interpreted conservatively, the results in Fig 5 indicate that 
after one hour, fewer than 10% of the native plasmid DNA 
molecules that were associated with the neutrophils had 
sustained a nick. Since the plasmid used in those experiments 
is 10 kb in size, the neutrophil-associated plasmid DNA 
acquired less than | nick/h/100 kb. At this rate, approxi- 
mately one minute would be required for half of a population 
of ingested E coli to sustain at least one nick in their 4,000-kb 
genomes. This level of DNA damage would ordinarily be 
insufficient to kill the ingested bacteria because of the 
existence of highly efficient mechanisms that repair such 
damage almost as soon as it occurs.” The rapid loss of 
low—molecular weight material from the ingested microor- 
ganisms (Table 1), however, suggests that DNA repair in 
these bacteria might fail owing to nucleotide deficiency. 
Under these circumstances, even relatively minor levels of 
DNA damage could contribute to the death of the ingested 
microorganism. 

At first glance, these results would seem to be in conflict 
with prior work showing that activated neutrophils can 
induce mutations in biologic systems. There are at least two 
possible explanations for this apparent discrepancy. First, 
neutrophil-induced mutations may be of a frequency that 
could be detected in a ~10°-kb (ie, bacterial) or ~10° 
(mammalian) genome but not in the tiny pseudogenome 
represented by a plasmid. Alternatively, it may be that 
mutations occur only when extracellular targets are exposed 
to activated neutrophils and are not seen in intracellular (ie, 
ingested) neutrophil targets. In earlier studies of neutrophil- 
induced mutagenesis, extracellular targets have been uni- 
formly used.?°? 

The resistance of plasmid DNA to destruction by neutro- 
phils raises the question as to the ultimate fate of plasmids 
carried by bacteria that are ingested by these cells. Some of 
these plasmids may be taken up and destroyed by mononu- 
clear phagocytes, which have been shown in other studies to 
be capable of degrading DNA by nuclease action.” It 
seems likely, however, that at least a few will be released 
intact into the tissues. What then happens to these liberated 
units of DNA remains to be determined. 
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Heterogeneity of Platelet Secretion in Response to Thrombin Demonstrated 
by Fluorescence Flow Cytometry 


By Geoffrey I. Johnston, Elaine B. Pickett, Rodger P. McEver, and James N. George 


Platelet membrane changes that accompany in vivo activa- 
tion may be difficuit to detect if only a small fraction of 
circulating platelets has undergone secretion. This study 
describes an approach to that problem by using a method 
to measure the number of molecules of fluorescein-labeled 
antibody bound to individual platelets by flow cytometry. 
The platelet response to different concentrations of 
thrombin was determined by measuring the binding of a 
monocianal antibody (S12) to GMP-140, an a-granule 
membrane protein that becomes exposed on the platelet 
surface during a-granule secretion. Unstimulated platelets 
bound a mean of 1,120 molecules of $12 per cell, and 93% 
of platelets bound less than 2,000 molecules. Platelet 


LATELET SURFACE GLYCOPROTEINS are criti- 
cal for platelet-vessel wall interactions and for the 
formation of hemostatic platelet aggregates.’ Activation of 
platelets by thrombin during these interactions causes a 
change in the concentration and organization of surface 
glycoproteins, including the appearance of an a-granule 
membrane protein (GMP-140) on the platelet surface.”” 
GMP-140 is a good marker for platelet secretion because its 
surface expression correlates with the release of a-granule 
contents** and it is not reinternalized following secretion.® 
Previcus studies to identify patients with circulating acti- 
vated platelets’ measured the binding of radiolabeled mono- 
clonal antibodies to platelets, a method that can determine 
only the average number of surface glycoprotein molecules 
per platelet in the total platelet population. Analysis of 
membrane changes on individual platelets would improve the 
ability to detect acquired platelet disorders, since only a 
fraction of platelets may become activated and remain in the 
circulation. The use of fluorescein-labeled monoclonal anti- 
bodies and flow cytometry has been an important advance in 
the study of surface glycoproteins on single platelets.*”” In 
this study we have further developed the flow cytometry 
technique by using a direct antibody binding assay to mea- 
sure the number of glycoprotein molecules exposed on the 
surface of individual platelets. 


METHODS 


Platelet suspensions. Blood was collected from healthy volun- 
teers in acid-citrate-dextrose containing prostaglandin E,, and plate- 
lets were washed and resuspended in Tyrode's buffer, pH 7.4. 
containing 0.35% bovine serum albumin (BSA), 50 ng/mL PGE,, 
and 2 mmol/L EDTA as previously described.’ Samples were 
obtained in accordance with the guidelines of the Institutional 
Review Board of the University of Texas Health Science Center at 
San Antonio. 

Antibody preparation. Two monoclonal antibodies, Tab and 
S12, were used in these studies. Tab, which binds to glycoprotein 
llb,” was dual labeled with I and fluorescein isothiocyanate 
(FITC) and was used to calibrate the flow cytometer. $12, which 
binds to GMP-1402 was labeled with FITC and was used to assess 
platelet activation. To label monoclonal antibodies with FITC, a 
solution of antibody (1 mg/mL) in 0.5 mol/L sodium carbonate, pH 
9.5, was added toa glass tube (12 x 75 mm) that had been precoated 
with 80 xg FITC.’ The tube was rotated for one hour at room 
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stimulation by 0.25 U/mL thrombin caused maximum $12 
binding with a mean of 7,529 molecules per cell. Even at 
low concentrations of thrombin (0.025 U/mL}, 5% of plate- 
lets were maximally activated, binding over 7,000 moie- 
cules of $12 per cell. Conversely, at 0.25 U/mL thrombin, 
13% of platelets continued to bind less than 2,000 mole- 
cules of $12 per cell. A mixture of as little as 5% thrombin- 
activated platelets with unstimulated platelets could be 
detected by this method. Therefore flow cytometry offers 
an important tool for investigating patients who may have 
circulating activated platelets as part of a disorder predis- 
posing to thrombosis or hemorrhage. 

© 1987 by Grune & Stratton, Inc. 


temperature, and FITC-labeled antibody was separated from free 
FITC by using a Sephadex G-25 column equilibrated with 0.05 
mol/L Tris, 0.1 mol/L glycine, and 0.02% sodium azide. pH 7.4. 
The ratio of molecules of FITC bound per molecule of antibody 
(FITC:protein or F:P ratio) was calculated by measuring the absor- 
bance at 280 and 495 nm." The antibody solutions were diluted with 
an equal volume of Tris-glycine-azide buffer that contained 0.35% 
BSA and stored at 4°C until required. The FITC-labeled antibodies 
are stable for at least 6 months. Tab was first radioiodinated by using 
lactoperoxidase® (specific activity of 1055 cpm/ng) and then labeled 
with FITC (F:P ratio of |.23:1). The F:P ratio of the S12 used in 
these experiments was 3.82:1. 

Flow cytometry. An EPICS-C flow cytometer (Coulter Elec- 
tronics, Hialeah, FL) was used to perform the flow cytometry. 
Excitation at 488 nm was achieved by using an argon ion laser, and 
emitted fluorescence was collected after passing through a 495- 
nm-long pass filter. From 10,000 to 50,000 platelets were analyzed 
with a linear scale in each sample. Day-to-day calibration of the flow 
cytometer was performed with FITC-labeled 2.0 um carboxylate 
microspheres (Polysciences, Inc. Warrington, PA): first the laser 
power was set at 1,100 mW, the beam was aligned to achieve 
maximum log forward-angle light scatter. and then the voltage of the 
photomultiplier tube was adjusted to achieve a constant mean 
fluorescence value. 

In the experiments with the doubly labeled Tab antibody. increas- 
ing concentrations of antibody were incubated with aliquots of 
washed platelets (5 x 10’/mL) that had been fixed by 1% parafor- 
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maldehyde.* With one aliquot, the number of molecules of antibody 
bound per platelet was determined by measuring the radioactivity 
associated with the platelets.° A second (20 uL) aliquot (containing 
10° platelets) was added to 980 uL of phosphate-buffered saline with 
azide and was used to determine the amount of fluorescence 
associated with the platelets by flow cytometry. From these mea- 
surements plus the known F:P ratio of the Tab antibody, the number 
of molecules of FITC bound per platelet could be calculated and 
correlated with the arbitrary units of fluorescence recorded by the 
flow cytometer.'® 

In the experiments with FITC-S12, washed platelets (2 x 10°/ 
mL) were incubated with increasing concentrations of thrombin for 
ten minutes at 37°C. The platelets were fixed with 1% paraformalde- 
hyde and diluted to 5 x 10’/mL with Tris-glycine buffer.® An 
aliquot (250 uL) was incubated with FITC-S12 for 30 minutes at 
room temperature, and then 20 uL (10° platelets) were added to 980 
ul PBS-azide for analysis by flow cytometry. 


RESULTS 

Calibration of the flow cytometer. Platelets incubated 
with subsaturating concentrations of doubly labeled Tab 
antibody demonstrated a linear relationship of bound fluo- 
rescence and bound '*] (r = .99, n = 5). Under the 
conditions used in these experiments, it was calculated that 
for each unit of fluorescence recorded by the flow cytometer 
the number of antibody molecules bound per platelet was 
600. From the F:P ratio of the Tab antibody (1.23:1), each 
unit of fluorescence intensity was equivalent to 738 mole- 
cules of FITC. Therefore in experiments using other FITC- 
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Fig 1. Thrombin-stimulated exposure of GMP-140 on the 
platelet surface. Platelets were washed, treated with thrombin, 
fixed with paraformaldehyde, and reacted with FITC-S12. Plate- 
lets were analyzed in each sample for their fluorescence intensity 
with a linear scale. The top panel demonstrates the background 
fluorescence of washed platelets without FITC-labeled $12. The 
lower panels present the FITC-S12 binding results with control 
platelets and platelets treated with different thrombin concentra- 
tions. This figure illustrates a representative experiment. 
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Table 1. Thrombin-Stimuiated Exposure of GMP-140 
on the Platelet Surface 


Molecules GMP-140 per Platelet 








Percentage of Platelets With 








Thrombin i nt 

{U/mL} Mean <2,000 » 7,000 > 10,600 
0 1,120 $3 1 ie) 
0.0125 1,216 88 2 1 
0.025 1,988 70 5 2 
0.050 4,054 38 16 7 
0.075 5,541 24 27 14 
0.100 6,544 17 34 18 
0.250 7,529 12 39 23 
0.500 7,278 13 37 22 





The data are the mean vaiues for five experiments as illustrated in Fig 
1. At each thrombin concentration the number of molecules of FITC-S12 
bound per platelet was measured to determine the number of molecules 
of GMP-140 exposed on the cell surface. Data presented are the mean 
number of molecules of GMP-140 exposed per platelet for the total cell 
population and the percertage of platelets demonstrating different 
amounts of GMP-140 expression. 


labeled monoclonal antibodies the number of antibody mole- 
cules bound per platelet could be determined by multiplying 
the fluorescence intensity by 738 and dividing by the F:P 
ratio. 

Platelet responses to thrombin. The pattern of platelet 
responses to thrombin as defined by the exposure of GMP- 
140 was determined by using FITC-S12 (Fig 1). The fluores- 
cence associated with unstimulated platelets plus FITC-S12 
was not different from the background fluorescence of 
washed platelets alone. At the lowest concentrations of 
thrombin examined, 5% of platelets became maximally acti- 
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Fig2. Detection of tkrombin-stimulated platelets mixed with 
unstimulated control platelets. Platelets were washed, and an 
aliquot was treated with 0.25 U/mL thrombin, The platelets were 
fixed with paraformaldehyde and reacted with FITC-S$12. Platelets 
were analyzed in each sample fer their fluorescence intensity with 
a linear scale, and the data printed with a histogram scale using 
greater magnification compared with Fig 1. The panels present the 
results with unstimulated plateiets, with mixtures containing 5% 
and 10% thrombin-treated platelets, and with thrombin-stimu- 
lated platelets. This figure illustrates a representative experi- 
ment. 


PLATELET SECRETION ANALYZED BY FLOW CYTOMETRY 


vated (7,000 molecules/platelet). At higher thrombin con- 
centrations the number of activated platelets steadily 
increased and reached a maximum mean value of 7,529 
molecules of S12 bound per platelet. Even at the thrombin 
concentration causing maximal stimulation (0.25 U/mL), 
12% of platelets continued to bind less than 2,000 molecules 
of S12 per platelet (Table 1). 

To demonstrate the sensitivity of the technique. experi- 
ments were performed to determine whether a small number 
of activated platelets could be identified within a population 
of unstimulated platelets (Fig 2). By using a greater magnifi- 
cation of the histogram scale compared with Fig 1, it was 
determined that as few as 5% activated platelets significantly 
altered the fluorescence profile. The increased fluorescence 
associated with the addition of 5% and 10% of activated 
platelets caused a slight but significant shift in the mean 
fluorescence intensity of the total platelet population (P < 
.002 and P < .001 (n = 9), respectively). 


DISCUSSION 


Flow cytometry represents an important advance in the 
ability to analyze individual platelets.*'? We have used flow 
cytomeiry with a calibration method that allows the accurate 
measurement of antibody molecules on the platelet surface’ 
to define the heterogeneity of platelet secretion in response to 
thrombin. Platelet activation was assessed by using FITC- 
labeled S12, a monoclonal antibody to an a-granule mem- 
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brane protein, GMP-140, that becomes incorporated dif- 
fusely across the surface plasma membrane during a-granule 
secretion.” The number of molecules of GM P- 140 measured 
on the surface of stimulated platelets in this study was the 
same as we have previously measured by using "1-9124 
However, this study documents that within the norma! 
population of circulating platelets some are exquisitely sensi- 
tive and respond to minimal thrombin concentrations with 
complete secretion, whereas other platelets failed to express 
GMP-140 even at the highest thrombin concentrations. 
These differences may represent heterogeneity of platelet 
a-granule content” or the effect of platelet aging in the 
circulation with a gradual loss of membrane responsive- 
ness.'* 

In an earlier study we demonstrated that acutely ill 
patients with adult respiratory distress syndrome had circu- 
lating platelets that had undergone secretion in vivo, which 
was defined by the parallel appearance of GMP-140 and the 
a-granule-secreted protein thrombospondin on their mem- 
brane surface.® Since only the mean value for cell surface 
GMP-140 and thrombospondin could be measured, these 
observations represented a major abnormality. The quantita- 
tive analysis of platelet surface glycoproteins by fluorescence 
flow cytometry described in this study allows the detection of 
a small population of abnormal platelets and will provide a 
more accurate definition of acquired platelet membrane 
disorders. 
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Monoclonal Antibody 7D5 Raised to Cytochrome bs; of Human Neutrophils: 
Immunocytochemical Detection of the Antigen in Peripheral Phagocytes of 
Normal Subjects, Patients With Chronic Granulomatous Disease, 
and Their Carrier Mothers 


By Michio Nakamura, Masakazu Murakami, Toshihiko Koga, Yujiro Tanaka, and Shigeki Minakami 


We have established a monoclonal hybridoma clone that 
produces IgG1 against the cytochrome b,,., of human neu- 
trophils. The antibody 7D5, secreted by the hybridoma, 
bound to solubilized cytochrome b of the neutrophils but 
not to other proteins such as hemoglobin, myeloperoxi- 
dase, and pig cytochrome P-450. Immunocytochemical 
studies of normal human peripheral blood showed that 7D5 
bound to neutrophils and monocytes but not to lympho- 
cytes or erythrocytes. The neutrophils of male patients but 


HAGOCYTE-SPECIFIC cytochrome b (cytochrome 

bsg) was first discovered in equine granulocytes’ and 
was spectrophotometrically characterized in rabbit granulo- 
cytes by Shinagawa et al’ in 1966. Segal and colleagues 
confirmed its presence in human neutrophils and called it 
cytochrome b_ 24s because they found that its redox potential 
(Em, 7.0) is —245 mV, exceptionally low for a b-type 
cytochrome.’ Cytochrome has been suggested as an impor- 
tant component for the activation of oxygen during phagocy- 
tosis because the cytochrome was reduced under anaerobic 
conditions if the cells were stimulated* and it was not 
detected spectrophotometrically in the neutrophils of the 
majority of male patients with chronic granulomatous dis- 
ease (CGD).* Convincing evidence for its role in phagocyto- 
sis-specific NADPH oxidase, however, has not yet been 
obtained, and the dispute over its molecular weight remains 
unsettled. 

We tried to obtain a monoclonal antibody against the 
cytochrome in order to get definitive information on the 
hemoprotein. Because completely purified antigen was not 
necessary for obtaining monoclonal antibodies, we used a 
cytochrome b-rich fraction of human neutrophils without 
using any complicated purification procedure that seems to 
have led previous authors to propose various molecular 
weights ranging from 11,000 to 235,000 daltons.*’ 

As the first report, we describe here a monoclonal anti- 
body, 7D5, that binds specifically to the cytochrome of 
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not of a female patient with chronic granulomatous disease 
lacked the antigen of 7D5 as well as the absorption 
spectrum for cytochrome bss. A mosaic of the antigen- 
positive and -negative neutrophils was observed in moth- 
ers of the male patients. These biochemical and immunocy- 
tochemical results indicate that 7D5 is a specific antibody 
against cytochrome beg, of human phagocytes. 

® 1987 by Grune & Stratton, Inc. 


human neutrophils. The antigen of 7D5 has been immunocy- 
tochemically demonstrated to be present in normal neutro- 
phils and monocytes but not in the cells of male patients with 
CGD. Mothers of the patients have two populations of 
neutrophils: one normally contains the antigen and the other 
does not. 


MATERIALS AND METHODS 


Materials. A mouse myeloma ceil line, SP2/0, was kindly 
supplied by Dr K. Yagawa (Kyushu University, Japan}. The mono- 
clonal cell line that produces F4-11 (IgGl) against human carci- 
noembryonic antigen (hCEA) was generously provided by Dr M. 
Kuroki of Fukuoka University, Japan.’ Polyclonal IgG! was purified 
from nonimmune mouse sera by Affi-Gel protein A of Bio-Rad 
(Richmond, CA).’ Purified cytochrome P-450 of pig liver was a gift 
from Dr Y. Yasukochi (Tokyo Medical and Dental College}, All 
plasticware except filtration plates were Falcon products (Becton 
Dickinson, Oxnard, CA). The filtration plates, Millititer-HA, were 
purchased from Millipore Corp (Bedford, MA). Polyethylene glycol 
6000 and aminopterin are the products of Wako Chemicals (Osaka, 
Japan). The MonoAb-Screen System, which contained §-galactosi- 
dase-conjugated antimouse IgG, was purchased from Zymed Labo- 
ratories, Inc (San Francisco). Vectastain, an avidin-biotin-peroxi- 
dase complex kit, was obtained from Vector Laboratories, Inc 
(Burlingame, CA). 

Blood. Blood was drawn into anticoagulant-containing tubes 
from normal subjects, patients with CGD, and their mothers after 
their and/or their parents’ informed consents were obtained. 

Preparation of the cytochrome b-rich membrane fraction and 
solubilized cytochrome b. Human peripheral leukocytes were sep- 
arated from acid-citrate-dextrose blood supplied by the Fukuoka 
Red Cross Blood Center according to the method previously 
described by Wakeyama et al.'° The cytochrome b-rich fraction (C 
fraction) was prepared by the method cf Gabig’! without phagocy- 
totic stimulation of the cells. 

Phagocyte-specific cytochrome b was solubilized from the C 
fraction by 0.5% (wt/vol) Triton N-101 according to the method of 
Harper et al’ in 3-{N-morpholino]propanesulfonic acid (Mops) 
buffer (50 mmol/L Mops, pH 7.0, 100 mmol/L KCI, 5 mmol/L 
B-mercaptoethanol) at 4°C. The concentrations of cytochrome b in 
the C fraction and in the solubilized preparation were about 16 
nmol/mL and 3 nmol/mL, respectively. 

Immunization. An inbred BALB/c mouse was immunized three 
times, each time with 0.2 mL of a mixture containing 0.1 mL of C 
fraction and 0.1 mL Freund’s complete adjuvant at intervals of 3 
weeks. Ten days after the final immunization, spleen cells were 


Blood, Yol 69, No 5 (May), 1987: pp 1404-1408 


MONOCLONAL ANTIBODY AGAINST CYTOCHROME bess 


separated and immunized in vitro by solubilized cytochrome b (6 to 
60 pmol with 10 to 100 wg of Triton N-101 in 10 mL culture 
medium) according to the method of Luben and Mohler.” 

Hybridization and screening. At the fourth day of the in vitro 
immunization, spleen cells (5 x 10° cells) were harvested and 
hybridized by polyethylene glycol 6000 with logarithmically grown 
SP2/0 at a 6:1 ratio. The hybridized cells were washed once with 
RPMI 1640 (GIBCO, Grand Island, NY), suspended in medium 
containing 10% fetal calf serum, and seeded into 2,400 wells of 
96-well microplates (Falcon 3072) at 2 x 10° spleen cells per well as 
reported by de St Groth and Scheidegger.'* Eleven to 16 days after 
the seeding of celis, media of 1,645 wells with colonies resistant 
against hypoxanthine-aminopterin-thymidine were screened on 96- 
well filtration plates, Millitititer HA, by an enzyme-linked immu- 
nosorbent assay with the MonoAb-Screen System. Each well of the 
plates had been coated with 25 uL of diluted C fraction that 
contained 2.9 pmol of cytochrome b. Each positive 499 colony was 
transferred to 24-well multiwell plates (Falcon 3047) and grown in 
1.2 mL of medium. The second screening was carried out by an 
absorption assay of solubilized cytochrome b. 

Absorption assay of cytochrome b. Each hybridoma medium 
(usually 1 mL) was incubated for one hour with 10 uL of Sepharose 
4B affinity gels. The ligand of the gels is rabbit IgG, which is 
monospecific to mouse IgG (heavy and light chains). After washing 
the gels four times with phosphate-buffered saline (PBS) containing 
1 mol/L NaCl and 0.1% Tween 20 and once with 0.1% Triton 
N-101-containing Mops buffer (25 mmol/L Mops, pH 7.0, 125 
mmol/L KCl), the gels were incubated with 1.0 to 1.5 pmol of 
cytochrome b in 150 uL of the Mops buffer for 30 minutes at room 
temperature. After centrifugation of the gel suspension for four 
minutes at 10,000 g, 100 aL of the supernatant was transferred to a 
glass tube for the fluorometry of heme. 

Fluorometric assay of heme. Heme in the supernatant was 
determined by the method of Morrison'* with a slight modification 
described by Sassa.’* To the supernatant, 0.4 mL of 2 mol/L oxalic 
acid was added, and the mixture was kept at 100°C for 30 minutes. 
After an addition of 0.7 mL of distilled water to the mixture, heme 
derivatives in the mixture were excited at 405 nm, and the conse- 
quent fluorescence emission was detected at 605 nm on a Hitachi 
650-40 spectrofluorometer (Hitachi, Ltd, Tokyo). 

Release of cytochrome bss, from affinity gels. The cytochrome 
b bound to affinity gels was washed once to six times (Fig 1) or four 
times (Fig 2) with } mL Mops buffer (25 mmol/L Mops, 125 
mmol/L KCI, pH 7.0) containing Triton N-101 (0.01% or 0.4%) and 
I mol/L NaCl. The trapped cytochrome was released from the gels 
by the addition of 150 uL of 0.1 mol/L glycine buffer (pH 2.5) with 
0.1% Triton N-101 or 0.25% N-octyiglucoside. The cytochrome 
recovered from the supernatant after centrifuging the gel suspension 
was assayed as described earlier. 

Preparation of peripheral phagocytes for immunocytochemis- 
try. A neutrophil-rich fraction was prepared from the mixture of 4 
vol of peripheral blood with | vol of 3% (wt/vol) polyvinylpyrrol- 
idone as reported by Wakeyama et al.'° A mononuclear cell fraction 
was prepared from whole blood on Conray-Ficoll as reported by 
Béyum.'’ The fractions were washed four times with PBS and 
suspended in HEPES-saline buffer (17 mmol/L HEPES, pH 7.4, 5 
mmol/L glucose, | mmol/L MgSO,, and 0.5 mmol/L CaCl). The 
concentration of phagocytes was adjusted to 0.3 to 1.0 x 10’/mL. 

Immunocytochemical demonstration of antigen of 7D5. Immu- 
noperoxidase staining by the avidin-biotin-peroxidase complex was 
carried out as described by Hsu et al’? with use of Vectastain. A drop 
of either cell fraction was put on a slide and incubated for 37°C for 
cell attachment. Unattached cells were rinsed from the glass with 
warm PBS. The remaining cells were air-dried, fixed in Hanks’ 
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Fig 1. Demonstration of stable binding of solubilized cyto- 
chrome b to 7D5-treated affinity gels. Cytochrome b bound to 10 
uL of the affinity gels was washed one to six times with 1.0 mL of 
Mops buffer containing 0.01% Triton N-101 and 1 mol/L NaCl and 
was released by glycine buffer (pH 2.5). The heme of the released 
cytochrome b was assayed as described in Materials and Meth- 
ods. 


balanced salt solution by 1% (wt/vol) paraformaldehyde and 0.02% 
(wt/vol) glutaraldehyde for 90 minutes at 4°C, and freeze-thawed 
once for penetration of the antigen through membranes. Nonspecific 
binding sites for immunoglobulin were blocked by the treatment of 
the cells with nonimmune horse serum for 20 minutes. About 100 uL 
of diluted culture medium containing monoclonal antibody 7D5 (4 
ug/mL) was dropped on the glass and kept overnight in a refrigera- 
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Fig2. Dose responses of 7D5 (O, @) and F4-11 (0, W) media on 
cytochrome b-binding activity. A certain volume of 7D5 or F4-11 
was mixed with 10 uL of antimouse Ig G-affinity gels. The mixture 
was centrifuged, and the gels that sedimented were incubated 
with solubilized cytochrome b. After centrifugation of the gel 
suspension, the cytochrome remaining unbound in supernatant 
{solid line) and the cytochrome specifically bound to gels via 
monoclonal antibody (broken line) were assayed as in Fig 1. Each 
point indicates the mean of two values. For details see Materials 
and Methods. 
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tor. After thorough washing with PBS, the cells were incubated with 
biotinylated horse antimouse IgG for one hour at room temperature. 
Endogenous peroxidase activity was denatured by the incubation of 
the cells in methanol with 0.01% H,O, for 60 minutes at room 
temperature. They were thereafter incubated with the mixture of 
avidin and biotinylated peroxidase for 70 minutes and washed four 
times with PBS, Peroxidase activity was developed by treating the 
cells with 6 mmol/L diaminobenzidine and 0.005% H,O, in 50 
mmol/L Tris buffer (pH 7.6) for three to five minutes. The cells 
were counterstained by hematoxylin and embedded in paraffin. 
Photographs were taken using a Nikon FX-35A with a UFX-II 
exposure control unit on a Nikon XF-21 microscope. 

Plain culture medium and F4-11, a monoclonal antibody against 
hCEA, were used for negative controls. 

Statistical analysis. Means obtained from three or more values 
accompany the SD Student’s ¢ test was used for confidence analy- 
sis. 


RESULTS AND DISCUSSION 


We prepared a C fraction of Gabig” for in vivo immuniza- 
tion of a mouse and the solubilized preparation of the 
cytochome for in vitro immunization of spleen cells and for 
binding assays of the cytochrome to monoclonal antibodies. 
The reduced minus-oxidized difference spectrum of the 
samples has the same absorption peaks at 429 nm, 530 nm, 
and 558 nm and a trough at 414 nm (data not shown), 
consistent with those of the cytochrome b found in rabbit 
granulocytes,’ porcine neutrophils,” human peripheral 
phagocytes.’ and human colostral macrophages.” Therefore, 
we concluded that the cytochrome was phagocyte specific. 
The solubilized preparation did not contain any myeloperoxi- 
dase because no significant absorption peak was observed at 
475 nm in its spectrum. All the heme in the solubilized 
preparation is therefore derived from the cytochrome b. This 
conclusion is further supported by the observation that the 
concentration of heme in the solubilized preparation (3.3 
nmol/mL) was essentially the same as that of the cyto- 
chrome (3.0 nmol/mL) assayed spectrophotometrically 
using 21 as a millimolar extinction coefficient. These obser- 
vations justified the use of a fluorometrical assay of heme for 
the detection of the cytochrome in the preparation. 

The second screening of the antibodies was done by mixing 
monoclonal medium and the affinity gels ligated with rabbit 
IgG against mouse IgG, centrifuging the gels, and incubat- 
ing them with the solubilized cytochrome b. After the gels 
had been treated with the medium containing 7D5, the heme 
remaining in the supernatant was 0.09 + 0.14 pmol, about 
15% of the applied cytochrome. On the other hand it was 
0.68 + 0.13 pmol when the gels had been treated with the 
medium containing monoclonal antibody against a different 
protein of the C fraction of Gabig. The hybridoma secreting 
7D5 was cloned twice by limiting dilution, and the resultant 
monoclonal hybridoma was ascertained to secrete IgG 
(data not shown). The antibody 7D5, secreted by the cloned 
hybridoma cells, was used in the present investigation. 

The monoclonal antibody 7D5, but not nonimmune poly- 
clonal [gG1, absorbed solubilized cytochrome bss (Table 1). 
The 7DS5 therefore specifically bound to the cytochrome of 
human neutrophils. To exclude the possibility that 7D5 binds 
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Table 1. Amounts of Hemoprotein Remaining in Supernatant 





Supernatant Heme (pmol) 





Cytochrame P-450 





igGi Cytochrome b 
Control igG1 0.85 + 0.20 0.65 + 0.11 
705 0.08 + 0.06 


0.47 + 0.05 





Each value is a mean + SD obtained from three assays (see Materials 
and Methods). 


to the cytochrome through other protein in micelles. we 
extensively washed the gels with Mops buffer that contained 
0.01% (Fig 1) or 0.4% Triton N-101. The cytochrome bound 
to 7D5-treated affinity gels was not removed at all by 
washing six times (Fig 1), which corresponded te more than a 
208 dilution. Essentially the same results were obtained even 
if the concentration of the detergent in the washing buffer 
was increased to 0.4%. The amounts of the cytochrome 
recovered from the gels after washing once and six times with 
that buffer were 1.1 + 0.1 pmol (n = 4) and 1.1 + 0.2 pmol 
(n = 4), respectively. Therefore, 7D5 should have specifi- 
cally recognized the cytochrome. 

The antigen released from the gels by 0.1 mol/L glycine 
(pH 2.4) gave a relatively broad band around 99 kilodaltons 
on sodium dodecylsulfate~polyacrylamide gel electrophore- 
sis. Biochemical properties of the antigen will be presented in 
detail elsewhere. 

The specificity of the antibody was shown further by the 
following experiments. (1) The antibody did not bind to 
phenobarbital-induced pig cytochrome P-450 (P = 05, 
Table 1). (2) The binding of 7D5 to the cytochrome was 
quantitative, as shown by the dose-response curve of the 
antibody (Fig 2). The cytochrome removed by 7D5 from the 
solubilized preparation was quantitatively recovered from 
the precipitate gels by acid treatments. When F4-11. a 
control monoclonal antibody against hCEA, was used, no 
cytochrome was removed from the supernatant or recovered 
from the precipitate gels. We therefore conclude that 7D5 is 
a monoclonal antibody against the phagocyte-specific cyto- 
chrome b of human neutrophils. 

We used 7D5 for immunocytochemistry to demonstrate 
the presence of the antigen in human peripheral blood. The 
antigen was shown as brown deposits of polymerized diami- 
nobenzidine in the cytoplasm of normal neutrophils (Fig 
3A). Essentially the same deposits were also observed in 
monocytes (Fig 4A), in agreement with the presence of 
spectrophotometrically detectable cytochrome b.” The 
deposits were granulated and diffusely distributed in the cells 
and overlapped with nuclei, thus suggesting that the antigen 
is located on lysosomes and cytoplasmic membranes. Further 
analyses including electron microscopy are, however, 
required to determine definitive subcellular localization of 
the antigen. No deposit was found in lymphocyies (Fig 3A, 
arrows) or in erythrocytes (Fig 3A, arrowheads}. The latter 
observation indicates that hemoglobin, a b-type hemopro- 
tein, is not antigenic to 7DS. A control monoclonal antibody 
(F4-11) did not give any deposits (Fig 3B) beeause ef the 
absence of its antigen in these cells (M. Kuroki, personal 
communications). We could not completely denature the 
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Fig 3. Immunocytochemical detection of the antigen of 7D5 in human peripheral neutrophils. (A) Neutrophils enriched from normal 
peripheral blood were attached to slides, fixed, freeze-thawed, incubated with culture medium containing 7D5, and finally counterstained 


by hematoxylin (for details see Materials and Methods). Arrows and 


arrowheads indicate lymphocytes and erythrocytes, respectively. (B) 


Same as A but immunostained with F4-11. (C) Same as A but immunostained with plain culture medium. A cell with brown deposits is an 
eosinophil that has been stained by residual endogenous peroxidase activity. (D) Neutrophils and a monocyte (inset) from a male patient 
with CGD were immunostained with 7D5 as in A. (E) Neutrophils from a female patient with CGD were immunostained with 7D5 as in A. 
Her cells were stained independently and look smaller than the others, possibly because of insufficient adhesion to glass. (F) Neutrophils 
from the mother of the patient shown in D were immunostained with 7D5 (Original magnification x 400). 


endogenous peroxidase of eosinophils (Fig 3C) and failed to 
determine whether the cells had the antigen of 7D5. 

The blood of patients with CGD and that of their mothers 
were also examined immunocytochemically. In contrast to 
normal phagocytes, neither neutrophils nor monocytes of a 
male patient were stained by 7D5 (Fig 3D). None of the cells 
was distinguishable from the normal phagocytes treated with 
culture medium (Fig 3C) or with F4-11 (Fig 3B). These two 
kinds of phagocytes of another five male patients (one 
reported in ref 22), were also not stained by 7D5. No 
characteristic spectrum of cytochrome b was observed in the 
neutrophils of those patients. Because myeloperoxidase was 
present in their cells, it should not have any antigenicity to 
7D5. Neutrophils of a female patient with CGD were, 
however, clearly stained by 7D5 (Fig 3E). Her neutrophils 


Fig 4. Immunocytochemical demonstration of the 
antigen cf 7D5 in normal peripheral monocytes. Mono- 
nuclear cells separated from peripheral blood were 
attached to slides. The cells were treated as in Fig 3 
and immunostained with 7D5 (A) or F4-11 (B). (Origi- 
nal magnification x 500.) 


exhibited a characteristic spectrum of the cytochrome (data 
not shown). 

All mothers of the male patients thus far examined 
definitely had a mosaic of antigen-positive and -negative 
neutrophils in their blood. An example is shown in Fig 3F. 
This Lyon phenomenon indicates that the antigen is inher- 
ited on the X chromosome and is in good agreement with the 
findings that spectrophotometrically detectable cytochrome 
b is linked to that chromosome.’ These biochemical and 
immunocytochemical results serve as two lines of confirma- 
tive evidence for 7D5 as a specific antibody against cyto- 
chrome bsss of human phagocytes. 

The present observations suggest that the absence of the 
cytochrome b spectrum from the neutrophils of the six male 
patients with CGD means the absence of holoprotein of the 
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cytochrome but not the presence of abnormal apoprotein 
with the mutation at the site for binding heme. The abnormal 
apoprotein can exist only when it is stable and has either two 
mutations, one at the heme-binding site and the other at the 
antigenic site for 7D5, or a mutation at the common site for 
binding heme and 7DS. The former is unlikely because the 
two mutations hardly occur by chance in all six genetically 
unrelated patients. The latter is also unlikely because 7D5 
failed to bind not only to polymorphonuclear leukocytes of 
rabbits, guinea pigs, and rats (data not shown) but also to 
other human hemoproteins. These results indicate that the 
antigen of 7D5 is different from evolutionally conserved 
structures such as heme-binding site.” The holoprotein of the 
cytochrome, therefore, must be absent in all neutrophils and 
monocytes of the six male patients with CGD and in all the 
antigen-negative cells of their mothers. 
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In summary, we obtained a monoclonal antibody, 7D5, 
that bound to phagocyte-specific cytochrome b. Our immu- 
nocytochemical studies with the antibody gave evidence for 
the lack of the cytochrome in peripheral neutrophils and 
monocytes of male but not of female patients with CGD and 
demonstrated the lyonization of the cytochrome in the cells 
of mothers of the male patients. 
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Expression of the M-CSF (CSF-1) Gene by Human Monocytes 


By Alessandro Rambaldi, Diane C. Young, and James D. Griffin 


Monocyte colony—stimulating factor (M-CSF, CSF-1) is a 
macrophage lineage-specific growth factor. Northern blot 
analysis using a human M-CSF cDNA probe and a specific 
bioassay for human M-CSF were used to investigate the 
cellular sources of M-CSF. Expression of the M-CSF gene 
was induced in blood mononuclear cells stimulated by 
phorbol myristate acetate (PMA) or ‘y-interferon. When 


IOLONY STIMULATING FACTORS (CSFs) are a 
group of glycoproteins that stimulate proliferation of 
hematopoietic precursor cells.’ Four murine and human 
CSFs have been identified on the basis of different physical 
properties and target cell specificities. Multi-CSF or inter- 
leukin-3 (IL-3) has the capacity to stimulate proliferation of 
a broad range of progenitor cells including erythroid, granu- 
locytic, mast cell, megakaryocytic, eosinophil, and multipo- 
tential progenitor cells.2> GM-CSF stimulates granulocyte, 
monocyte, eosinophil, megakaryocyte, and erythroid colony 
formation.'* G-CSF stimulates the formation of granulo- 
cytic colonies, and M-CSF (CSF-1) selectively stimulates 
the formation of monocyte colonies.*® In addition, these 
factors may activate mature granulocytes and monocytes.”"* 
Despite the importance of these factors in the regulation of 
hematopoiesis, little is known about the cell types that supply 
CSFs or the control of CSF gene expression. In this study, we 
describe the use of a cDNA probe for human M-CSF to 
investigate the expression of the M-CSF gene by highly 
purified populations of hematopoietic cells. A specific bioas- 
say was used to detect human M-CSF activity separately 
from GM-CSF and G-CSF activity. The results indicate that 
unstimulated T lymphocytes and monocytes neither secrete 
M-CSF nor have detectable M-CSF transcripts. Exposure of 
monocytes but not T lymphocytes to y-interferon (IFN) or 
phorbol myristate acetate (PMA) induces expression of the 
M-CSF gene and release of biologically active M-CSF. This 
suggests that monocytes, like T cells™™* and B cells,’*!® can 
be induced to release growth factors specific for their own 
lineage. 


MATERIALS AND METHODS 


Human cells and cell lines. Peripheral blood cells were obtained 
from volunteer donors and mononuclear cell suspensions prepared by 
Ficoll-Hypaque density gradient centrifugation. T lymphocytes were 
prepared by E rosetting and were further purified by removal of any 
residual plastic-adhering cells. Monocytes were prepared by two 
different methods. In the first method, monocytes were purified from 
E cells by two plastic-adhering steps as previously described.” In the 
second method, B cells, T cells, and natural killer cells were removed 
from E cell fractions by immune rosettes using the lineage-specific 
monoclonal antibodies anti-B1, T11, and NKH1. This method 
avoided adherence. The purity of all cell preparations was deter- 
mined by immunofluorescence staining with the monoclonal anti- 
bodies anti-Mo2, -HLA-DR, -T11, -T3, -Bl, and -NKH1.” All 
monocyte preparations used in this study contained less than 1% 
detectable TI} + or T3 + cells. All T ceil preparations contained less 
than 1% detectable Mo2+ cells. Purified cells were cultured for 
various times at a concentration of 1 x 10°/mL in RPMI 1640 with 
10% fetal bovine serum (FBS), glutamine, and antibiotics (GIBCO, 
Grand Island, NY} at 37°C. The concentration of endotoxin in this 
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mononuclear cells were fractionated into highly purified 
populations of T cells and monocytes, M-CSF transcripts 
were detected predominantly in monocytes, Further, 
monocytes stimulated with PMA released an M-CSF-like 
activity. These results demonstrate that M-CSF can be 
produced by activated celis of the macrophage lineage. 

® 1987 by Grune & Stratton, Inc. 


medium was less than 0.5 ng/mL as determined by the limulus 
amebocyte assay. Where indicated, 500 U/mL recombinant y-IFN 
(kindly provided by Dr Steven Wright, Biogen Research Corp, 
Cambridge, MA), PMA (10°? mol/L; Sigma Chemical Co, St 
Louis), or recombinant GM-CSF (final dilution, 1:1000 of COS cell 
supernatant; kindly provided by Dr Steven Clark, Genetics Institute, 
Cambridge, MA)’ were added to the culture media. The U937™ and 
H1-60"! cell lines were obtained from the American Type Culture 
Collection, Rockville, MD, and cultured in RPMI 1640 medium 
supplemented with 10% FBS. 

Preparation of total cellular RNA and Northern blot analy- 
sis. Total cellular RNA was isolated as previously described” by 
lysing cells in guanidium isothiocyanate followed by recovery of 
RNA by centrifugation through cesium chloride. Fifteen-micro- 
gram samples were then fractionated on a 1.2% agarose gel with 6% 
formaldehyde and blotted onto synthetic membranes (Gene Screen 
Plus, New England Nuclear, Boston). M-CSF mRNA was detected 
by using a 3.5-kb segment of the human M-CSF cDNA (CSF-1) 
inserted in the Xho site of the pXMT 2 vector (Gordon Wong, 
manuscript in preparation). This M-CSF probe was generously 
provided by Drs Gordon Wong and Steven Clark, Genetics Institute. 
The probe was labeled to a specific activity of 10” cpm/ug by using 
hexanucleotide primers and “P-dCTP.” Hybridization was per- 
formed at 60°C in a solution containing | mol/L NaCl, 1% sodium 
dodecyl sulfate (SDS), 10% dextran sulfate, 100 ug/ml salmon 
sperm DNA, and 1 x 10° cpm/mL labeled probe. The membrane 
was washed with 2x SSC/1% SDS for one hour at 65°C and 0.1x 
SSC at room temperature for one hour (1x SSC = 0.15 mol/L 
NaCl, 15 mmol/L sodium citrate, pH 7.0). The blots were then dried 
and used to expose Kodak Xomat x-ray film with intensifying 
screens. In one experiment, GM-CSF transcripts were detected with 
a cDNA probe for GM-CSF that was previously described’ and 
supplied by Drs Wong and Clark. Reanalysis of a blot for the second 
probe™ was done by washing the membrane in boiling water followed 
by rehybridization as described above. 

Bioassay for human M-CSF. Supernatants were prepared by 
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incubating purified cell populations in RPMI 1640 medium with 
10% FBS at | x 10° cells/mL for 48 hours. Human M-CSF activity 
was detected by its ability to stimulate the growth of murine 
macrophage colonies in agar.” Murine cells were used as targets for 
two reasons: (1) human M-CSF stimulated much larger macro- 
phage colonies in mouse bone marrow than it did from human bone 
marrow; and (2) human GM-CSF does not stimulate the growth of 
any mouse colonies, whereas human G-CSF stimulates the growth 
only of granulocyte colonies (see Results). Thus, stimulation of 
murine macrophage colony growth distinguishes human GM-, G-, 
and M-CSFs. Colonies were grown in a double-layer agar culture 
system previously described in detail.” Colonies were enumerated on 
day 7, fixed in situ, and stained for expression of chloroacetate 
esterase (granulocytes) and alphanaphthyl acetate esterase (mono- 
cytes).” Recombinant human CSFs were obtained from Dr Steven 
Clark, Genetics Institute, and were in the form of media conditioned 
by COS cells transfected with a vector containing a complete cDNA 
for GM-CSF,"** G-CSF, or M-CSF. The titers were determined by 
a CFU-GM assay using human or mouse (BALB/c) light-density, 
nonadherent marrow cells. Control supernatant from COS cells 
conditioned by mock (vector-only) transfection contained neither 
stimulatory nor inhibitory activity for mouse or human marrow 
CFU-GM. 


RESULTS 


Induction of the M-CSF gene in human monocytes. Ex- 
pression of M-CSF mRNA was investigated in peripheral 
blood cells (Fig 1). In an initial experiment, M-CSF tran- 
scripts were detected in peripheral blood mononuclear cells 
stimulated with PMA (10°'° mol/L, 24 hours) but not in 
unstimulated mononuclear cells (Fig 1). To determine which 
cell type was expressing the M-CSF message, blood mononu- 
clear cells were carefully fractionated into T lymphocytes 
(greater than 99% T11+ cells) and monocytes (greater than 
95% Mo2+ cells). The cells were then cultured with control 
medium, y-IFN (500 U/mL), or PMA (10°'° mol/L). 
M-CSF transcripts were induced in monocytes by either 
y-IFN or PMA but not in T cells by either treatment. In 
order to be certain that stimulation of the purified T cells was 
sufficient, the blots shown in Fig 1 were washed and rehy- 
bridized with a cDNA probe for GM-CSF (a factor known to 
be secreted by activated T cells).’** In contrast to M-CSF, 
expression of the GM-CSF gene was readily detected follow- 
ing treatment of T cells with PMA* (data not shown). To 
define the kinetics of induction of the GM-CSF message with 
y-IFN, purified adherent monocytes were cultured with 
y-IFN (500 U/mL) for 2, 5, 12, or 18 hours. Detection of 
M-CSF transcripts was maximal at five to 12 hours (Fig 2). 
These results suggest that expression of the M-CSF gene is 
inducible in human monocytes by exposure to the T cell 
lymphokine y-IFN or by activation of protein kinase C by 
PMA. 

To further demonstrate that cells of the monocytic lineage 
are able to express the M-CSF gene, we studied the U937 
and HL-60 cell lines after induction of monocytic differen- 
tiation with several stimuli.*°?! As shown in Fig 3, PMA- 
stimulated HL-60 cells expressed the M-CSF message. 

Secretion of biologically active M-CSF by highly purified 
human monocytes. To determine whether the increased 
levels of M-CSF mRNA detected in monocytes following 
treatment with y-INF or PMA were accompanied by 
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Fig 1. Northern blot analysis of M-CSF mRNA in human 
monocytes and T cells. Blood mononuclear cells (PBL) were 
fractionated into highly purified populations of monocytes (Mono) 
or T lymphocytes as described in Materials and Methods. In this 
experiment, monocytes were prepared by immune rosettes rather 
than adherence. The total cellular RNA was then isolated immedi- 
ately (lane C} or after a 12-hour period of culture with y-IFN, PMA 
(10 "° mol/L), or medium alone (AD indicates purified monocytes 
allowed to adhere in control medium for 12 hours). Fifteen- 
micrograms of RNA from each sample was fractionated on an 
agarose gel, transferred to a synthetic membrane, and hybridized 
to a “P-labeled cDNA probe for M-CSF. 
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Fig 2. Monocytes isolated by adherence were cultured with 
Y-FN for 2, 5, 12, or 18 hours prior to RNA extraction. 
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Fig3. U937 and HL-60 cells were cultured at 1 x 10° cells/mL 
in control medium, GM-CSF (1:1,000 dilution), y-IFN (500 U/mL), 
or PMA (10°"° mol/L) for 24 hours. The total cellular RNA was 
extracted as described in Fig 1 and expression of M-CSF tran- 
scripts determined. Monocytes purified by plastic adherence were 
similarly cultured with or without 7y-IFN (500 U/mL, 14 hours) and 
assayed for M-CSF mRNA. 
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secretion of biologically active CSF activity, we cultured 
purified populations of monocytes and T cells either in 
control medium or medium containing y-IFN (500 U/mL) 
or PMA (10°'° mol/L). In pilot experiments using recombi- 
nant human CSFs it was shown that rM-CSF stimulated the 
formation of only very small clusters of monocytes in agar 
culture of light-density human marrow cells. In contrast, 
GM-CSF stimulated the formation of large granulocyte and 
monocyte clusters and colonies, whereas G-CSF stimulated 
the formation of only granulocyte colonies. In mouse mar- 
row, however, human rM-CSF stimulated the formation of 
large colonies of monocytes; rGM-CSF was inactive, and 
rG-CSF stimulated the formation of only granulocyte colo- 
nies (Table 1). Therefore, the activity of M-CSF could be 
distinguished from that of GM-CSF and G-CSF by using 
mouse marrow cells as targets and enumerating only mono- 
cyte colonies. Supernatants collected from unstimulated 
monocytes cultured for 48 hours contained a small amount of 
M-CSF activity (Table 1). Treatment of monocytes with 
g-IFN or PMA induced the release of approximately twofold 
and tenfold more M-CSF activity, respectively. M-CSF 
activity was not detectable in stimulated or unstimulated 
cultures of T cells. PMA also induced the release of a 
G-CSF-like activity from monocytes (Table |). 


DISCUSSION 


Human M-CSF (CSF-1) was the first of the human CSFs 
to be purified to homogeneity.*”? M-CSF from human urine 
is a glycoprotein of molecular weight 45,000 that has been 
shown to stimulate the growth of murine and human macro- 
phage colonies.'**' A cDNA for human M-CSF has been 
isolated by using oligonucleotide probes based on the amino- 
terminus sequence for urinary CSF.° A full-length cDNA 


Table 1. Secretion of M-CSF by Human Monocytes 


Murine CFU-GM/5 x 10* 


Monocyte 
Source of Human CSF Exp 1 
Recombinant human CSFs* 
rM-CSF 145 +6 
rG-CSF 21+6 
rGM-CSF 14 +2 
Mock-CSF 16 +5 
T cell (T)/monocyte (Mono) conditioned media 
Control 19+5 
Mono-CM 3722 
Mono + PMA-CM 136 +6 
Mono + IFN-CM 63+5 
T-CM 16+3 
T + PMA-CM 19+5 
T + IFN-CM 17 +2 
PMA (10° "° mol/L) 22+4 
IFN (50 U/mL) 16+1 











Marrow Cells 

Granulocyte 
Exp 2 Exp 1 Exp 2 
141+5 13 +1 Tl 
4+1 103 +9 92 + 11 
222 10 +1 3+1 
121 14-4 1+2 
0+0 9+3 0+0 
5+3 25 +6 15 +4 
35 + 1 85 +6 27+2 
232 1 19 +2 15 +4 
0+0 8+1 0+0 
0+0 Rel 0+0 
0+0 9+1 0+0 
4+2 7+3 6+2 
0+0 6+1 0+0 


a IaaaaaaaaaaaaaaaaaaaaaaaaaaaaaIIIaaIaaMlMlMlMl 


Abbreviations: Exp, experiment; NT, not tested. 


*Each CSF has used as a 1:500 final dilution of medium conditioned by COS cells transfected with a CSF cDNA. These supernatants were previously 
titered on human (GM-, G-CSF) or mouse (M-CSF) marrow CFU-GM, and a concentration more than twice the maximum was used in these experiments. 
Murine CFU-GM were assayed in a double-layer agar system (see Materials and Methods). 

¢Purified cell populations were cultured at 1 x 10°/mL for 48 hours and cell-free medium used as a stimulus for murine CFU-GM at a final 
concentration of 10% (data shown) and 1% (data not shown, revealing similar results in lesser magnitude). 
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has been obtained from a human pancreatic cancer cell line 
known to be able to secrete M-CSF.‘ 

Cells capable of producing M-CSF in the human and 
mouse have not been extensively investigated. A number of 
murine tissues have been shown to be capable of making 
M-CSF including fibroblasts” and embryonic yoke sac.” 
Adherent, stromal cell lines established from murine long- 
term marrow cultures have been shown to secrete M-CSF.” 
Also, murine bone marrow cells transformed by the human 
R-myc oncogene have been shown to secrete M-CSF.” 

The cellular sources of human M-CSF have not been 
investigated. This is at least partly due to the lack of highly 
specific assays for human M-CSF activity. In this study, we 
have used a human M-CSF cDNA to investigate the expres- 
sion of the M-CSF gene in highly purified populations of T 
lymphocytes and monocytes. These cells were selected for 
study because preliminary experiments indicated that M- 
CSF transcipts could be detected following PMA stimulation 
of blood mononuclear cells and also because T lymphocytes 
and monocytes have been shown in previous studies to have 
potentially important effects in regulating many aspects of 
hematopoiesis and immune function. Although M-CSF tran- 
scripts were undetectable in unstimulated fresh monocytes, 
“activation” of these cells with PMA or y-IFN induced 
M-CSF gene expression. With the conditions used in these 
experiments, M-CSF transcripts were not detected in un- 
stimulated or stimulated purified T lymphocytes. It is possi- 
ble that M-CSF expression can be induced by other types of 
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T cell activation and further possible that monokines such as 
IL-1 may be required. Additional experiments will be 
required to determine whether the M-CSF gene can be 
expressed by normal T cells during other conditions of 
activation. 

Although the exact role of M-CSF in human hematopoie- 
sis is uncertain, the finding that M-CSF can be secreted by 
macrophage lineage cells in a regulated manner is of consid- 
erable interest. Human macrophage precursors proliferate in 
response to M-CSF alone, and it is possible that M-CSF acts 
synergistically with other CSFs in the production of human 
macrophage colonies. The recently described hemopoietin-1 
isolated from the human bladder carcinoma ceil line 5637 
may be a factor of particular interest.” 

The results presented here further suggest that the role of 
M-CSF in the immune response should be investigated. 
Recent evidence in the mouse has indicated that exposure of 
macrophages to M-CSF markedly influences the basal level 
of Fc receptor capacity and expression of the Mac-1 antigen 
and promotes subsequent activation by lymphokines such as 
y-IFN. Thus, M-CSF may stimulate selected monocyte 
functions in an autostimulatory manner. Finally, other cells 
of the immune system also secrete autostimulatory factors. T 
cells produce IL-2 in response to specific stimuli, ™™ and 
normal and neoplastic B cells may produce B cell growth 
factor 1.'*'° Thus, release of autostimulatory factors appears 
to be a common mechanism whereby immunocompetent cells 
augment certain aspects of the immune response. 
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A Monoclonal Antibody Reacting With Human Basophils 


By Michael P. Bodger, Gordon L. Mounsey, Jan Nelson, and Peter H. Fitzgerald 


Bsp-1 is an IgM murine monoclonal antibody raised against 
the human erythroblastic leukemia cell line (HEL) that 
reacts with basophils but not neutrophils or eosinophils. 
Western blotting techniques showed that Bsp-1 reacts 
with a 45-kilodalton surface antigen on HEL cells. The 
distribution of Bsp-1 antigen on leukemic cells is confined 


HE CLASSIFICATION of subsets of myeloid and 
lymphoid cells has been greatly aided by the generation 
of monoclonal antibodies (McAbs) that recognize lineage- 
specific cell surface antigens. McAb production has been 
generally achieved by immunizing mice with either purified 
normal cells, leukemic cells of a given lineage,'? or leukemic 
cell lines that express multilineage cell markers.*° Although 
several McAbs to granulocytic cells exist, only AHN-7° and 
EO-1’ have documented reactivity with basophils. A detailed 
phenotypic analysis of the cell surface antigens on basophils 
has not been reported. This is partly due to the fact that 
basophils are the least common blood granulocyte and conse- 
quently their isolation in numbers sufficient for phenotyping 
has been technically difficult. A McAb that reacts with 
basophils but not other granulocytic cells would be useful for 
analyzing basophil function and differentiation. We report 
the generation of a McAb against a 45-kilodalton (kD) 
surface antigen on the human erythroleukemic (HEL) cell 
line? that reacts with basophils but not neutrophils or eosino- 
phils. 


MATERIALS AND METHODS 
Preparation of McAb 


A BALB/c mouse was immunized intraperitoneally with | x 107 
HEL cells on days 1, 14, and 21, and cell fusion was performed on 
day 24 using procedures described elsewhere in detail.’ The cells of 
one well reacting with HEL cells and rare mononuclear cells from 
bone marrow in a radioimmunoassay were selected for further study. 
The hybrid ceils were cloned twice by limiting dilution, and ascites 
fluid was raised in pristane-primed BALB/c mice. The antibody was 
designated Bsp-1. 


Preparation of Cells 


Normal celis. Peripheral blood, umbilical cord blood, and bone 
marrow cells were separated by centrifugation on 60% Percoll 
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to a basophilic leukemia ceil line, KU812, chronic myeloid 
leukemia with basophilia, and some cases of acute undif- 
ferentiated leukemia. Bsp-1 might therefore be a useful 
reagent for the study of basophil function and differentia- 
tion. 

© 1987 by Grune & Stratton, Inc. 


(Pharmacia Fine Chemicals, Uppsala, Sweden) gradients. Mononu- 
clear cells were recovered from the interface, and granulocytes were 
recovered from the pellet after red cell lysis.” Sheep erythrocyte 
rosetting (E rosette+) cells and adherent cells were obtained from 
peripheral blood mononuclear cells.” 

Normal basophils. Basophils were enriched from peripheral 
blood by using a modification of a previously described technique.” 
Blood was collected into EDTA, and buffy coat cells prepared from 
dextran-sedimented blood were layered over a multistep Percoll 
gradient of densities 1.070, 1.080, and 1.088 g/mL. The cells were 
centrifuged at 400 g for 25 minutes. A cell fraction enriched for 
basophils (mean, 22%) was collected from the 1.070/1.080 inter- 
face, and adherent cells were depleted overnight in RPMI containing 
20% fetal calf serum (FCS) prior to staining with Bsp-1 antibody. 

Human leukemic cell lines. Established human leukemic cell 
lines (listed in Table 3) were maintained as suspension cultures in 
10% FCS/RPMI and tested for reactivity with Bsp-1 by using 
indirect immunofluorescence.’ The erythroid cell lines OCI-M-1 and 
OCI-M-2" were assayed by Dr H.A. Messner (Ontario Cancer 
Institute, Toronto), and the basophilic cell line KU812" was assayed 
by Dr K. Kishi (Niigata, Japan). 

Human leukemic cells. Leukemie cells from peripheral blood 
and bone marrow from patients with acute lymphoblastic leukemia 
(ALL), acute myeloid leukemia (AML), acute undifferentiated 
leukemia (AUL), chronic lymphocytic leukemia (CLL), chronic 
myeloid leukemia (CML), and B cell lymphoma were tested for 
reactivity with Bsp-1 by using indirect immunofluorescence. 


Reagents and Indirect Immunofluorescence 


The following heterologous antisera and IgG class monoclonal! 
antibodies (McAbs) were used in double combination with Bsp-1 to 
assess whether the antigens detected were present on Bsp-1 + cells: 
OKT3 (Ortho Pharmaceutical Corp, Raritan, NJ); CMRF-2, 
CMRF-4, and CMRF-10" (provided by Dr J. McKenzie, Christ- 
church Hospital, New Zealand); rabbit antiglycophorin A (provided 
by Dr C. Gahmberg, University of Helsinki); rabbit antiplatelet 
antiserum (provided by Dr J. Fraser, Wellington Clinical School, 
New Zealand); B3/25 (provided by Dr I. Trowbridge, Salk Insti- 
tute, San Diego); W6/32'° and CA-2” (provided by Dr J. Bodmer, 
Imperial Cancer Research Fund, London); WM-12 and WM-15!® 
(provided by Dr K. Bradstock, Westmead Hospital, Sydney, Austra- 
lia); My4, My7, and My9 (Coulter Immunology, Hialeah, FL): and 
RFB-1.? Cord blood cells were labeled with each McAb and second- 
layer goat antimouse IgG (Y and L chain specific) conjugated to 
tetraethyl-rhodamine isothiocyanate (G anti-M-IgG-TRITC; Tago 
Diagnostics, Inc, Burlingame, CA) or rabbit antisera and G antirab- 
bit-Ig-TRITC; the cells were washed twice and then labeled with 
Bsp-1 and second layer G anti-M--IgM (u chain specific) conjugated 
to fluorescein isothiocyanate (G anti-M-IgM—FITC). Cells were 
examined under a Leitz Dialux microscope with a 63-phase oil 
objective and IV/F epifluorescence condenser containing selective 
filters for FITC (green) and TRITC (red). 

For cell sorting, peripheral blood cells from normal volunteers and 
patients with CML were labeled with Bsp-1 and stained with 
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G(Fab),-anti-M-IgM-FITC (Tago) and separated into positive 
and negative cell fractions on a FACS IV (FACS System, Becton- 
Dickinson, Sunnyvale, CA). 


Culture-Derived Hemopoietic Cells 


The mixed colony assay was used to generate erythroid cells, 
granulocytes, macrophages. eosinophils, and mixed lineage cells 
from their respective progenitors.’ Colonies of each cell lineage were 
picked from the methylcellulose cultures, pooled, and washed twice 
in phosphate-buffered saline containing 5% FCS, stained with 
Bsp-1, and analyzed by using indirect immunofluorescence. The 
morphology of the cells in each pooled fraction was assessed by 
May-Griinwald-Giemsa staining. 


Cytochemistry 

Cell smears were prepared by using a cytocentrifuge (Shandon 
Southern Products Ltd, Cheshire, England) and stained with May- 
Griinwald-Giemsa, Sudan black, myeloperoxidase, nonspecific 
esterase, and acid phosphatase.” The metachromatic nature of the 
granules in basophils was confirmed by using 1% toluidine blue in 
methanol at pH 3.0” or alcian blue staining.” 


Characterization of Bsp-1 Antigen 


HEL and K562 cells were boiled in 0.5 mol/L Tris-HCl, pH 6.5, 
2.4% sodium dodecyl! sulphate (SDS), and membrane components 
were electrophoretically separated by SDS—polyacrylamide gel elec- 
trophoresis (SDS-PAGE).” For Western blotting the proteins were 
electrophoretically transferred in 25 mmol/L Tris, pH 8.3, 0.19 
mol/L glycine, 20% methanol onto nitrocellulose (Schleicher and 
Schull, Dassel, West Germany), which was then blocked with 3% 
casein in 10 mmol/L Tris-HCl, pH 7.4, and 0.9% NaCl, washed, and 
incubated with a 1:10 dilution of Bsp-1 ascitic fluid. Following 
further washing in Tris-buffered saline, the nitrocellulose was incu- 
bated with sheep antimouse biotin (Amersham International, Amer- 
sham, England) in 1% bovine serum albumin, Tris-buffered saline, 
and streptavidin-biotinylated horseradish peroxidase (Amersham 
International) and developed with 0.06% o-phenylenediamine 
(Sigma Chemical Co, St Louis) in $0 mmol/L Na,HPO, and 25 
mmol/L citric acid, pH 5.0. SDS molecular weight markers (Sigma) 
were stained with 0.1% amido black. 


RESULTS 
Selection of Bsp-! 


The Bsp-1 antibody was initially selected for its reactivity 
with rare mononuclear cells in human bone marrow. Bsp-| is 
an IgM class antibody determined on cells by indirect 
immunofluorescence by using antimouse subclass-specific 
antisera.” Bsp-1 is cytotoxic in the presence of human and 
rabbit complement in a complement-mediated cytotoxicity 
assay.” 


Reactivity of Bsp-1 With Normal Hemopoietic Cells 


Mononuclear cells isolated from peripheral blood, cord 
blood, and bone marrow contained less than 0.5% Bsp-1 + 
cells by indirect immunofluorescence (Table 1). Granulo- 
cytic cells obtained from the cell pellet after red cell lysis 
contained up to 1% Bsp-1+ cells in peripheral blood and 
bone marrow and up to 2% Bsp-1+ cells in cord blood (Fig 
1A and 1B). All other cells tested, including culture-derived 
hemopoietic cells, T cells, adherent cells, and eosinophils, 
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Tabie 1. Reactivity of Bsp-1 With Normal Human 
Hemopoietic Cells 





Celi Type (No. Tested) Percent Reactivity* 





Peripheral blood (6) 


Mononuclear cellst <0.2 
Granulocytest 0.2-1.0 
E rosette + T cells a 
Adherent cells ($ 
Platelets ie) 
Erythrocytes 0 
Eosinophils (3)§ (ð) 
Umbilical cord blood (10) 
Mononuclear cells «9.6 
Granulocytes 0.5-2.0 
Bone marrow (5} 
Mononuclear cells <O.2 
Granulocytes 0.2-1.0 


Culture-derived cells (4) 
Erythroid (BFU-E) 0 
Granulocytes (CFU-G) 0 
Macrophages (CFU-M) Oo 
Eosinophils (CFU-Eos) 9 
Mixed lineages (CFU-Mix} oO 


*Five hundred cells per sample counted using UV microscopy. 

Cells recovered from the interface after centrifugation on 60% Percoll 
gradients. 

tCells recovered from the pellet after lysing red cells. 

§A patient with a parasitic imicrofilaria) lung disease and 77% 
circulating eosinophils and two patients with eosinophilia (20% and 28% 
circulating eosinophils}. 
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Fig 1. Bsp-1 antigen expression on human granulocytic cell 
populations. Cell pellets from Percoll density gradients were 
treated with NH,C! solution to lyse the red cells and were tested 
for antigen expression by indirect immunoflucrescence using 
FACS IV analysis. Representative FACS histogram profiles are 
shown. (A) Peripheral blood granulocytes, 0.4% Bsp-1+ ceils. {B} 
Cord blood granulocytes, 1.2% Bsp-1+ cells. {C} CML granulo- 
cytes, negative control (dashed line), Bsp-1 (solid fine}: 11.3% 
Bsp-1+ celis. 
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were Bsp-1—. Several attempts to sort Bsp-1+ from cord 
blood granulocytes were technically unsuccessful. 


Antigenic Phenotype of Bsp-1 + Cells 


Several IgG class McAbs and heterologous antisera 
against glycophorin A and platelets were used in combina- 
tion with Bsp-1 to analyze the surface phenotype of Bsp-1 + 
cells in cord blood. The majority of Bsp-1+ cells exhibited 
HLA-ABC antigens identified by McAb W6/32 and 
CR3(C3bi) receptors identified by McAb WM-12 (Table 2). 
Bsp-1+ cells did not exhibit T cell antigens or myeloid 
antigens and were unreactive with antibodies to erythroid- 
specific glycophorin antigens, transferrin receptor, and 
platelets. 


Reactivity of Bsp-1 With Hemopoietic Cell Lines 


The reactivity of Bsp-1 antibody was tested against a panel 
of cultured human leukemic cell lines by using indirect 
immunofluorescence. Of four erythroid cell lines treated, 
only the immunizing cell line HEL was Bsp-1+ (Table 3). 
All myeloid and lymphoid cell lines tested were Bsp-1 —, as 
was the monocytic/histiocytic cell line U937. A basophilic 
cell line, KU812, derived from a CML patient in blast crisis 
had 10% to 15% strongly positive Bsp- + cells. A nonhemo- 
poietic cell line, 5637, did not react with Bsp-1. 


Reactivity of Bsp-1 With Hemopoietic Malignancies 


The expression of Bsp-! antigen was assessed on fresh 
leukemic cells. All cases of ALL, CLL, AML, and erythro- 
leukemia tested were Bsp-1 — (Table 4). Two of nine cases of 
AUL contained 20% and 28% Bsp-14 cells, respectively. 
Five cases of CML (chronic phase) tested contained Bsp-1 + 


Table 2. Analysis of Bsp-1 + Cord Blood Cells With 
Combinations of Antisera 





Percent Bsp-1 + Cells* 





Antisera Specificity Labeled 
OKT3 (CD3)+ T cells (6) 
CMRF-4 Glycophorin A 0 
Anti-glycophorin At — Glycophorin A 0 
CMRF-10 Glycophorin C Q 
Antiplatelett Platelets o 
CMRF-2 Transferrin receptor 
83/25 Transferrin receptor 0 
My4 (CDw14) Myeloid cells 0 
My7 (CDw13) Myeloid cells (8) 
My9 Myeloid cells o 
WM-15 Myeloid celis 0 
WM- 12 (CD11) CR3 (C3bi) receptor 90 
70 strong positive 
20 weak positive 
RFB-1 Progenitor cells 0 
W6/32 HLA-ABC 75 
10 strong positive 
65 weak positive 
CA-2 HLA-DR o 





*Two hundred Bsp-1 + cells per sample counted using UV micros- 
copy. 

tClusters of differentiation. 

Heterologous antisera produced in rabbits. 
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Table 3. Reactivity of Bsp-1 With Hemopoietic Cell Lines 





Cell Line (Origin) Percent Reactivity* 








Erythroid 
HEL (erythroleukemia) 70-80 
K562 (CML blast crisis) 0 
OC 1-M-1 (erythroleukemia) 0 
OC 1-M-2 (erythroleukemia) (6) 
Myeloid 
KG-1a (myeloblastic) o 
KG-1 {myeloblastic) (8) 
HL-60 (promyelocytic) 0 
Monocytic/histiocytic 
U-937 
Lymphoid 
CCRF-CEM (T cell) 
Jurkat (T cell) 
KM3 {T cell) 
Molt 4 {T cell) 
HUT 78 (T ceil} 
GH 1 {T cell) 
Nalm-6 (pre-B cell} 
Raji (Burkitt's lymphoma) 
Reh (null cell) 
Daudi {B cell} 
EBV-transformed PBL 
Basophilic 
KU812 
Nonhemopoietic 
5637 (bladder cell carcinoma) 9 


© 


oooococoooos 


10-14 





Abbreviations: EBV, Epstein-Barr virus: PBL, peripheral blood lympho- 
cytes. 
*UV microscopy. 


cells. Cases | to 4 had 6%, 10%, 10%, and 8% Bsp-1+ cells 
respectively, and the fifth case of CML that presented with 
35% Bsp-1+ cells showed an increase to 59% Bsp-1 + cells 
during the first week of treatment. 


Bsp-1 + Cells in CML 


Four of the five cases of CML had 6% to 12% basophilic 
cells at presentation, and the fifth case had 35% basophils. 
The percentage of Bsp-1+ cells in the cell pellet obtained 
after separation of CML cells on Percoll gradients was found 
to be similar to the percentage of basophils identified by 
May-Griinwald-Giemsa or toluidine blue staining. After 
sorting CML cells labeled with Bsp-1 (Fig 1C), virtually all 
the basophils were isolated in the Bsp-1 + fraction (Fig 2). 





Table 4. Reactivity of Bsp-1 With Fresh Leukemic Cells 





Classification No. Positive/No. Tested* 
T-ALL 0/1 
Null ALL (CALLA +} 0/8 
AUL (HLA-DR +, LCA +) 2/9 
B-CLL (B1+) 0/3 
AML (M1-M5) 0/21 
AML-M6 (erythroleukemia)} 0/3 
B cell lymphoma 0/1 
CML 5/5 





*UV microscopy. 
Abbreviations: CALLA, common acute lymphoblastic leukemia anti- 
gen; LCA, leukocyte common antigen. 


MONOCLONAL ANTIBODY TO HUMAN BASOPHILS 


Fig2. Cytochemical staining of CML cells sep- 
arated into Bsp-1+ and Bsp-1-— cell fractions on 
the FACS IV. May-Griinwald-Giemsa staining of 
(A) unseparated cells, (B) Bsp-1— cells, and (C) 
Bsp-1+ cells. Toluidine blue staining of (D) unsep- 
arated cells, (E) Bsp-1 — cells, and (F) Bsp-1 + cells. 


Bsp-1+ cells are toluidine blue—staining baso- 
phils. 


Bsp-1+ cells stained positively with toluidine blue (Fig 2) 
but were not stained with Sudan black, myeloperoxidase, 
nonspecific esterase, and acid phosphatase. 


Biochemical Characterization of the Bsp-I Antigen 


Western blotting techniques revealed a major band at 45 
kD and a minor band at 80 kD on HEL cells under reducing 
(Fig 3, lane C) and nonreducing (Fig 3, lane D) conditions. 
These bands were not detected on Bsp-1— K562 cells. In a 
further control, 29-kD and 32-kD bands identified by McAb 
RFB-1 were not detected on RFB-1 — HEL cells. 


jf. ¢ p> €£ 


16K 





Fig3. Western blotting detection of the Bsp-1 antigen. Lanes 
A and B are K562 cells under reducing and nonreducing conditions 
respectively. Lanes C and D are HEL cells under reducing and 
nonreducing conditions. The following molecular weight protein 
standards are shown in lane E; galactosidase (116k), phosphoryl- 
ase B (97k), bovine albumin (66k), ovalbumin (45k), and carbonic 
anhydrase (29k). 
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DISCUSSION 


We have derived a McAb, Bsp-1, against human basophils 
by using the human erythroleukemia cell line HEL as an 
immunogen. Bsp-! was initially selected for its lack of 
reactivity on other hemopoietic cell lines and the very low 
percentage of positive cells observed in peripheral blood and 
bone marrow. 

Of all the other cell lines tested, the Bsp-| antigen was 
only detected on a subset of cells from the basophilic cell line 
KU812. Spontaneous differentiation of KU812 has 
decreased since its derivation, and only a low percentage of 
cells contain basophilic granules (K. Kishi, personal commu- 
nication, May 1986). The percentage of Bsp-! + cells in 
KU812 is consistent with the percentage of cells with baso- 
phil morphology. Excluding CML, only two fresh leukemias 
have presented with Bsp-1+ cells. Both examples were 
classified as acute undifferentiated leukemias and showed no 
evidence of basophilic maturation. 

The close correlation between the percentage of basophils 
and Bsp-1+ cells in the peripheral blood of CML patients 
first suggested that Bsp-1 was reacting with basophils. This 
was confirmed by cell sorting and the recovery of greater 
than 95% of basophils in the Bsp-1+ cell fractions from 
normal and CML peripheral blood. Other blood granulo- 
cytes, including eosinophils, neutrophils, as well as mono- 
cytes, were unreactive with Bsp-!. To our knowledge, Bsp-| 
represents the first antihuman basophil-specific McAb. In a 
recent study reporting the production of several McAbs 
using HEL as an immunogen, one antibody (53/10) reacted 
only with HEL cells from a panel of leukemic cell lines and 
was expressed on only a small proportion of bone marrow 
cells that did not include erythroid cells or granulocytes. 
However, in this study basophils were not identified, and as 
no biochemical data on the 53/10 cell surface antigen were 
reported, the relationship between Bsp-1 and 53/10 remains 
unknown. 

Cells derived from hemopoietic progenitor cells in the 
mixed colony assay did not express Bsp-1. Recently, pure and 
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mixed basophil colonies in cultures of peripheral blood and 
bone marrow have been identified by using a modification of 
the methylcellulose technique.” Complement treatment of 
bone marrow or cord blood cells labeled with Bsp-1 does not 
eliminate myeloid, erythroid, or multipotential progenitor 
cell growth in the mixed colony assay (unpublished observa- 
tions). However, we have as yet to establish whether our 
culture conditions support the growth of basophil progenitor 
cells and whether basophil progenitor cells express the Bsp-1 
antigen. The fact that Bsp- reacts with circulating basophils 
in the peripheral blood and KU812 cells indicates that the 
Bsp-1 antigen is expressed on mature cells and a proportion 
of blast cells of the basophil lineage. 

Bsp-1+ cells react with antibodies that bind to CR3 
receptors and HLA-ABC antigens. Although Bsp-1 and 
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HLA-ABC antibodies identify surface antigens of similar 
molecular weight, the vastly different cellular distribution of 
HLA-ABC antigens compared with the Bsp-1 antigen makes 
it unlikely that Bsp-1] is against an epitope on HLA-ABC 
antigens. The specificity of Bsp-! for basophils makes this 
antibody a useful reagent for isolating basophils from hemo- 
poietic tissue, studying basophil differentiation, and detect- 
ing basophilia in myeloproliferative disorders where baso- 
phils can present with abnormal morphology.” 
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Type IIA von Willebrand Disease With Apparent Recessive Inheritance 


By Akio Asakura, Janet Harrison, Edward Gomperts, and Charles Abildgaard 


Type HIA von Willebrand’s Disease (vWD) is the most 
common type li variant, and all reported cases (56 individu- 
als in 26 families) have had autosomal dominant inheri- 
tance. An eight-year-old female with an increased bleeding 
tendency since infancy was found to have laboratory values 
typical of type HA vWD, but her parents and siblings were 
asymptomatic. With the exception of uniformly decreased 
levels of ristocetin cofactor in relation to von Willebrand 
factor antigen, the results of family studies were normal 


YPE H VON WILLEBRAND’S disease (vWD), 
defined by the absence or decrease of large multimers 
of von Willebrand factor antigen (vWF:Ag), has been 
divided into a number of subtypes, the most common being 
type ILA. In addition to the absence of large multimers, type 
IIA vWD is characterized by (1) a disparity in the amount of 
vWF: Ag and vWF activity as measured by ristocetin (RCo), 
with vWF:Ag greater than RCo; (2) the presence of a 
repeating five-band pattern of small multimers seen on 3.0% 
agarose gel electrophoresis, with relative increased density of 
the outermost flanking subbands as compared with normal; 
(3) normal or decreased RCo-induced platelet aggregation; 
and (4) little or no response to infusion of desmopressin.’ The 
inheritance of type HA vWD has been dominant in 56 
reported individuals in 26 families." In this report, we 
describe an individual with type HA vWD with apparent 
autosomal recessive inheritance. 


CASE REPORT 


The propositus is an eight-year-old white female with history ofan 
increased bleeding tendency since infancy. At the age of 2 months 
she bled for a day following her first immunization injection, and she 
was noted to have easy bruising following minor injuries. At the age 
of 2 years, she was seen in the emergency room because of four days 
of bleeding from a tongue laceration. The diagnosis of vWD was 
made at this time based on the prolonged bleeding time and 
decreased levels of factor VHI coagulant (46%), vWF:Ag (40%), 
and RCo (<1%). Two-dimensional crossed-immunoelectrophoresis 
of vWF-:Ag revealed an abnormal fast-moving component. The child 
subsequently has had repeated bleeding episodes following minor 
injuries and has received cryoprecipitate for treatment of a lacera- 
tion and for a tooth extraction. More recently she received antifibri- 
nolytic therapy and an infusion of desmopressin in preparation for a 
tooth extraction, and hemostasis was satisfactory. 

Her family history is negative for bleeding manifestations. Both 


Table 1. Values for VINC, vWF:Ag, and RCo for the 
Propositus and Family Members 





including the presence of large multimeric forms of von 
Willebrand factor antigen. These findings are consistent 
with the propositus having the homozygous state of an 
autosomal recessive trait. Desmopressin infusion in the 
propositus was followed by a significant increase of factor 
VI coagulant and von Willebrand factor antigen but a 
limited change in ristocetin cofactor with no development 
of large multimers. 
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parents and three siblings (6, 14, and 16 years) are living and well, 
and all members of the family were evaluated. 


MATERIALS AND METHODS 


Computations of bleeding times were performed by the [vy 
method, Blood collection, plasma preparation and storage, as well as 
methods for factor VIH coagulant activity (one-stage partial throm- 
boplastin time method), vWF:Ag (Laurell), multimer analysis (so- 
dium dodecyl sulfate agarose gel electrophoresis using 1.5% and 
3.0% gels), and RCo (macroscopic agglutination technique using 
formalin-fixed platelets) have been described previously.*” Ristoce- 
tin-induced platelet aggregation (RIPA) was measured by the 
method of Weiss et al.* 





RESULTS 


The results of plasma studies of the propositus, her 
parents, and three siblings are shown in Table 1. The 
propositus had a prolonged bleeding time {>20 minutes), 
significantly decreased vWF:Ag (22%) and RCo (3%), and 
normal RIPA. The only abnormality noted in the parents 
and siblings was a uniformly decreased amount of RCo in 
relation to VWF:Ag. The ratios of RCo to vWF:Ag for the 
parents and siblings were 0.47, 0.60, 0.49, 0.61, and 0.67 
(mean, 0.57). For comparison, mean ratios of RCo to 
vWF:Ag in normal individuals and other vWD subjects 
studied in our laboratory are as follows: normals (26), 1.02; 
type I vWD (15), 1.21; type HA (14), 0.51, and type TIB (9), 
1.19. 

The multimer patterns of VWF:Ag on 1.5% and 3.0% 
agarose gel electrophoresis are shown in Fig 1A and B. On 
1.5% gel the propositus lacks large and intermediate multim- 
ers, whereas her parents and siblings all have normal 
patterns. 

On 3.0% gel the propositus has a repeating five-band 
pattern of small multimers with a relative increase in the 
density of the outermost flanking subbands. The subband 
patterns of the parents and siblings all appear normal. 

Infusion of desmopressin (0.3 we /kg) into the propositus 








VIHC vWE:Ag RCo 

(%) (%) (%) RCo/vWF:Ag 
Propasitus es = 2 ne From the Department of Pediatrics, University of California, 
Mother 144 89 ki T. Davis, Sacramento; and the Division of Hematology-Oncology, 
Father 199 zs pa :60 Children’s Hospital of Los Angeles. 
Brohet 1) 190 wee 53 Sai Submitted October 11, 1985; accepted December 11, 1986. 
Brother (2) 12O 95 9a 61 Address reprint requests to Charles F. Abildgaard, MD. Depart- 
Sister 98 73 49 ‘87 ment of Pediatrics, UCD Medical Center, 4301 X St, Sacramento, 
Normal 100 100 100 1.02* CA 95817. 
Normal range 50-150 50-150 50-150 0.72-1.59 





*Mean ratio of 26 normal individuals. 
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Fig1. SDS agarose gel electrophoresis of vWF:Ag on 1.5% (A) 
and 3.0% (B) gels. From right to left the lanes are normal plasma, 
propositus, mother, father, brother 1, brother 2, and sister. On 
1.5% gel, the propositus lacks large and intermediate multimers, 
whereas the other family members have normal patterns. On 3.0% 
gel, the propositus has a repeating five-band pattern of small 
multimers with an increase in density of the outermost flanking 
subbands of the small multimers, and other family members have 
normal patterns. 


resulted in increases of factor VIII coagulant activity (18% 
to 128%) and vWF:Ag (23% to 114%), whereas RCo only 
increased from 3% to 17%. Plasma vWF:Ag multimers were 
analyzed before and after desmopressin infusion in the 
propositus; patterns are shown in Fig 2. On 1.5% gel only a 
few of the smaller intermediate multimers appeared follow- 
ing desmopressin infusion. An increase in density of the 
smallest multimers was noted on 3.0% gel. 
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Fig 2. Before and after desmopressin infusion studies of the 
propositus plasma on (A) 1.5% and (B) 3.0% agarose gels. On 1.5% 
gel, the postinfusion sample in the center lane reveals a slight 
increase of intermediate multimers (normal plasma on the right) 
On 3.0% gel, an increased density of small multimer bands is seen 
in the postinfusion sample in the center lane (normal plasma on the 
right). 


DISCUSSION 


The laboratory findings related to the vWF in the proposi- 
tus are similar to previously reported examples of type IIA 
vWD. In contrast to previous patients, the inheritance in the 
present Case appears to be autosomal recessive rather than 
dominant. This interpretation is supported by the lack of 
bleeding manifestations and laboratory abnormalities in the 
parents and siblings of the propositus. This disparity in the 
amount of RCo to vWF:Ag in each of the asymptematic 
family members is of interest and is similar to that observed 
in most type IIA patients with dominant inheritance. This 
observation suggests that each of the parents and siblings is 
heterozygous for this type of vWD variant abnormality and 
that the propositus is homozygous 

Although the propositus did not have abnormal bleeding 
following dental extraction performed after desmopressin 
infusion, she also received antifibrinolytic therapy at the 
time. Since the latter may have maintained hemostasis, the 
efficacy of desmopressin in the propositus is difficult to 
determine from this experience. There has been no further 
opportunity to administer desmopressin to determine 
whether there is an effect on the bleeding time or clinical 
bleeding manifestations in this patient 
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Factor XII Gene Alteration in Hageman Trait Detected 
by Taqi Restriction Enzyme 


By F. Bernardi, G. Marchetti, P. Patracchini, L. del Senno, M. Tripodi, A. Fantoni, 
S. Bartolai, F. Vannini, L. Felloni, L. Rossi, F. Panicucci, and F. Conconi 


A cDNA for coagulation factor XII has been used to 
investigate the presence of gene lesions and restriction 
fragment length polymorphisms in two brothers with 
Hageman trait and their family. A Taqi polymorphic frag- 
ment has been found in the two propositi and in 11 
members of the paternal lineage. This polymorphism, 
absent in the normal population, is correlated with the 
reduction of factor XII activity and enables the identifica- 
tion of heterozygous factor XII deficiency. Factor XII gene 


LOOD COAGULATION factor XII or Hageman fac- 
tor (FXII), a glycoprotein with a single polypeptide 
chain of molecular weight 80,000,’ circulates in plasma as an 
inactive proenzyme; when activated, it acts as a serine 
protease in the initiation of the blood clotting cascade, kinin 
production, and fibrinolysis.” Hageman trait is an asymp- 
tomatic anomaly of in vitro blood coagulation due to a 
hereditary deficiency of FXII’; its diagnosis is based on 
finding a low plasma activity and antigen of the factor in 
clotting and immunologic assays. Since Ratnoff’s* first 
report (1954), hundreds of cases have been observed. The 
anomaly is transmitted as an autosomal recessive character 
that in homozygotes (Hageman trait) causes a complete 
deficiency of FXII activity’ and in heterozygotes, a partial 
deficiency of activity. Due to an apparent bimodal distribu- 
tion, Veltkamp et al? inferred that at least two allelomorphic 
genes control the synthesis of the factor. A different form of 
Hageman trait with autosomal dominant inheritance has 
also been reported.* 

The recent cloning of cDNA for FXII* enables the 
investigation of gene lesions and of restriction fragment 
length polymorphisms (RFLPs) at the FXII locus, useful for 
tracing the inheritance of Hageman trait and for genetic 
linkage studies. 

In this paper a FXII Tag! RFLP, detected in two brothers 
carrying Hageman trait and in 11 members of their paternal 
lineage, is reported. This RFLP has been mapped within the 
FXII gene and correlated with the FXII plasma activities of 
the family members. 


MATERIALS AND METHODS 


Factor XH clotting activity and antigen determinations. FXU 
activity was determined by the activated partial thromboplastin time 
method using an appropriate deficient plasma substrate.” FXII 
antigen was estimated by quantitative immunoelectrophoresis 
according to Laurell’s technique.” A monospecific heterologous 
antibody has been used (Behringwerke AG, Marburg, FRG). 

Southern blot hybridization. Blood samples from 35 normal 
unrelated subjects from different Italian regions and from 24 
members of the family under study were obtained by standard 
procedures, 

DNA isolation and the Southern blotting technique were per- 
formed as previously described." Six to 10 ug of DNA were digested 
with restriction endonucleases (Boehringer Mannheim, FRG; New 
England Biolabs, Boston). 

FXII cDNA probes were obtained from a human liver cDNA 
library in the expression vector pEXL? All experiments involving 
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deletion as the cause of Hageman trait in this family has 
been excluded. A restriction map has been constructed, 
and the Taqi polymorphic site has been localized within the 
5' portion of the gene. The mutation in the polymorphic site 
is probably the cause of the factor XII deficiency. Data 
suggest the presence of one factor XII gene per haploid 
genome. 
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recombinant DNA were performed according to the accepted safety 
guidelines. Hybridization conditions (50% formamide and 10% 
dextran sulfate at 42°C) and washing of the filters were in accor- 
dance with the gene screen transfer membrane method (New 
England Nuclear). 


RESULTS 


Coagulation and immunologic assays. The hemostatic 
study of the two brothers with Hageman trait showed a 
markedly prolonged activated partial thromboplastin time 
and normal bleeding and prothrombin and thrombin times. 
Specific assays for coagulation factors showed a severe 
deficiency of FXII clotting activity (XIE C < | U/dL) anda 
lack of factor XH antigen (XH: Ag < 10 U/dL). 

RFLP detection. Ìn order to investigate gene alterations 
of RFLPs of the FXI gene, DNA from the two brothers with 
Hageman trait (IV-} and IV-2 of the pedigree in Fig 1) and 
from their parents was digested with several restriction 
enzymes and hybridized to cDNA probes for FXH. 

The probes have been isolated from a human liver cDNA 
library (pEXI expression vector) by immunoblotting to an 
antibody specific for FXII. The DNA sequence of the inserts 
indicates that the partial cDNAs span from the leader 
peptide to aminoacid 79 (probe 1) and from aminoacid 121 
to 396 (probe 2) of plasma FXII.* 

In the Taql digests hybridized to probe 2 (Fig 2A) two 
bands of 3.3 and 1.1 kb were found in the four subjects as 
well as in the 35 unrelated normal individuals examined. An 
additional 2.1-kb band was found in the two brothers and 
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Fig1. Pedigree of the Hageman trait family. ©, presence of Taqi polymorphism: ©, FXII deficiency carried in the maternal lineage. FXII 
activity (FXII:C), when determined, is reported below each member of the family. The arrows indicate the two Hageman trait subjects. 


their father. The polymorphic band (Fig 2B) was also 
detected in hybridizations with the 5’ cDNA probe 1. 

Family studies. The inheritance of the Tag] RFLP and 
the FXII activity have been studied in the family of the two 
Hageman trait subjects. 

Figure | shows the pedigree of the family including the 
results of the RFLP analysis and of the FXII activity. The 
Taq\ RFLP is present in addition to the Hageman trait 
Subjects in seven males and four females, all of the paternal 
lineage: intermediate FXII activity levels are present in 
members of both the paternal and maternal lineages. 

The levels of FXII activity in polymorphic and nonpoly- 
morphic subjects of the paternal lineage together with 15 
normal control values are reported in Fig 3; activities are 
lower in the polymorphic subjects. 

RFLP characterization and localization. Additional 
studies have been performed to determine the origin and to 
localize in the FXII gene the Tagl RFLP. 
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Fig2. Taqi RFLP detection. DNA samples from Hageman trait 
subjects (IV-1, IV-2) and their parents (IIl-3, IIl-4) have been 
digested with Taq! (A and B). Southern blots were hybridized to a 
3’ FXII cDNA (A) and to a 5’ FXII cDNA (B). 


The intensity of the 3.3-kb band, using both cDNA probes, 
was reduced to half when the 2.1-kb band was present (data 
not shown), which suggests that the polymorphic band 
originates from the 3.3-kb band; thus two FXII genes should 
be present in the human diploid genome. Hybridizations of 
BamHI and Bg/ll DNA digests with both probes (Fig 4) 
produced large FXII bands common to normal and polymor- 
phic subjects, thus excluding that the polymorphism origi- 
nates from a gene deletion detectable by Southern blot 
analysis. The polymorphic pattern is therefore explained by 
an additional Tagl site cleaving the 3.3-kb DNA fragment in 
the 2.1-kb band and in a 1.2-kb band not hybridizing to the 
cDNA probes used. This 1.2-kb DNA fragment is probably 
an intronic sequence. 

In order to localize the Tag! polymorphic site in the FXII 
gene, double digestions with several restriction enzymes were 
performed. In Fig SA Ncol/Taql and Bell/Taq\ double- 
digestion patterns are reported. Two polymorphic bands of 
0.47-kb (Bell / Taq1) and of 1.2-kb (Ncol/Taql) are present 
in a Taql polymorphic subject. Analysis of the length of the 
DNA fragments obtained with additional double digestions 
(Taq\/Bglll, HindIII, Pstl, Pvull, Rsal) has located the 
Taql polymorphic site in the 5’ portion of the FXII gene (Fig 
5B). Exonic sequences detected by the 5’ FXII cDNA are 
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Fig 3. FXII clotting activity 
assays. Distribution of FXII 
activity in polymorphic (W) and 
nonpolymorphic (O) subjects 
of the paternal lineage: O, 
unrelated controls. 
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Fig 4. Exclusion of gene 
deletion. BamHI and Bg/ll DNA 
digest from parents (IlI-3, Ill-4) 
of the Hageman trait subjects 
have been hybridized to both 
cDNA probes. 
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present within 450 base pairs (bp) 3’ to the polymorphic site, 
and intronic sequences at least 1,200 bp long are localized 5’ 
to the TaqI additional site. The FXII gene region recognized 
by the 5’ FXII cDNA (350 bp) is at least 4 kb long, thus 
indicating that short exons are interspersed with relatively 
long introns. The tentative position of part of the exonic 
sequences is indicated in the map in Fig 5B. 


DISCUSSION 


A Taql RFLP within the gene for FXII has been identi- 
fied in two brothers carrying the Hageman trait and is also 
found in 11 members of their paternal lineage, thus enabling 
the identification of the heterozygous condition and demon- 
strating that the autosomal pattern of inheritance of FXII 
deficiency is monogenic recessive. 

The presence of the polymorphism only in the paternal 
lineage excludes the consanguinity of parents and indicates 
that the two Hageman trait subjects are double heterozygous 
for two different FXII gene lesions. Both paternal and 
maternal mutations should cause the complete impairment 
of gene expression, as indicated by the individuals with a 
potential and material absence of FXII. The presence of two 
different lesions within the same family may suggest that this 
asymptomatic gene alteration could be less infrequent than 
suspected. 

The absence of this Taql intragenic polymorphism in 
normal unrelated individuals and its association with the 
reduction of FXII activity suggest that the mutation of the 
additional Taqgl site could be a FXII gene lesion rather than 
a meaningless variant. Taql restriction enzyme has been 
successfully used to detect other gene lesions." 

The Tagql polymorphism is localized in a portion of the 
FXII gene recognized by the 5’ cDNA probe. However, due 
to the high proportion of intronic sequences in the 5’ region, a 
precise assignment of exons could be obtained only if a 
genomic probe of known sequence were available. 

This polymorphism is not produced by a gene deletion, as 
demonstrated by the normal patterns obtained with several 
restriction enzymes. 

If among the possible small gene alterations a single 
nucleotide change is assumed, a nonsense mutation can be 
excluded; in fact, mutations producing additional Taq] rec- 
ognition tetranucleotides (TCGA) in the coding sequence 
cannot give rise to nonsense codons. The localization of the 
polymorphic site in a gene region rich in intronic sequences 
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gene. (A) DNAs from a nonpolymorphic (Ill-3) and from a polymor- 
phic (IIl-4) subject have been digested with Bc/I/ Taqi and Ncol/ 
Taqi. The hybridization has been performed with the 5’ portion of 
cDNA. (B) Schematic representation of restriction sites in a 
portion of the FXII gene. B, Bc/l; N. Neol; P, Psti: T, Taqi: T*. 
polymorphic site; 1, 5’ cDNA; 2, 3’ cDNA. Dotted boxes indicate the 
tentative position of part of the exonic sequences. 


Suggests an intronic or a splice junction mutation, as is 
frequently found in genetic diseases. 
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Evaluation of Four Methods for Platelet Compatibility Testing 


By Janice G. McFarland and Richard H. Aster 


Four platelet compatibility assays were performed on 
serum and platelet or lymphocyte samples from 38 closely 
HLA-matched donor/recipient pairs involved in 55 single- 
donor platelet transfusions. The 22 patients studied were 
refractory to transfusions of pooled random-donor plate- 
lets. Of the four assays (platelet suspension immunofluo- 
rescence, PSIFT; "Cr release; microlymphocytotoxicity; 
and a monoclonal anti-igG assay, MAIA), the MAIA was 
most predictive of platelet transfusion outcome (predict- 
ability, 74% for one-hour posttransfusion platelet recovery 
and 76% for 24-hour recovery). The only other assay to 


EFRACTORINESS to platelet transfusions continues 
to complicate the care of patients with hematologic 
malignancies and aplastic anemia. When patients respond 
poorly to transfusions of random-donor platelets, many can 
be supported with transfusions of HLA-matched, single- 
donor platelets.'* As many as one third of the most closely 
HLA-matched platelet transfusions fail to achieve a satisfac- 
tory result, however.>? 

Platelet compatibility testing offers a potential solution to 
this problem. Methods used to date with varying degrees of 
success include indirect platelet immunofluorescence,'*"! 1] 
staphylococcal protein A binding,’ enzyme-linked immuno- 
sorbent assays (ELISA)," and radioactive antiglobulin bind- 
ing using "I-labeled polyspecific antiglobulin'*"* or radiola- 
beled monoclonal anti-IgG." 

In the present study, we compared four assays to deter- 
mine which was most useful in predicting responses to closely 
HLA-matched single-donor platelet transfusions of patients 
refractory to random-donor platelets. 


MATERIALS AND METHODS 


Patient selection. Twenty-two patients with bone marrow hypo- 
plasia secondary to chemotherapy, marrow infiltration, or aplastic 
anemia received HLA-matched and selectively mismatched’ platelet 
transfusions. All patients studied had documented poor responses to 
transfusions of random-donor platelet concentrates (mean one-hour 
posttransfusion platelet recovery, 8.5% + 9.9% as determined by a 
recovery formula using an estimate of 7.5 x 10° platelets per 
random-donor concentrate to calculate the random platelet dose). 

Serial serum samples were collected on these patients throughout 
the course of platelet transfusion support and stored at —80°C until 
used. Transfusion events were selected for study if (1) adequate 
documentation was available to define the patient’s clinical condi- 
tion at the time of the transfusion, (2) a serum sample was obtained 
within 3 weeks prior to or (in several instances) shortly after platelet 
transfusion, and (3) the original donors were willing to return to the 
blood center to donate a unit or a sample of whole blood from which 
platelets and lymphocytes were isolated to use in the platelet 
compatibility tests. Patient records were examined to determine the 
presence or absence of fever (oral temperature greater than 38°C). 
sepsis, disseminated intravascular coagulation (DIC), bleeding, and 
the one- and 24-hour posttransfusion platelet count recovery. Trans- 
fused platelet recovery was calculated based on the following formu- 
la: Percent recovery = Body weight (kg) x 70 mL/kg x (posttrans- 
fusion platelet count — pretransfusion platelet count/uL) x 100/ 
No. of platelets transfused x 0.67. The number of platelets trans- 
fused was calculated from the platelet count and volume of the 
single-donor concentrates. The factor 0.67 was used to correct for 
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reach statistical significance was the PSIFT (63% predict- 
ability for one-hour posttransfusion recovery). The degree 
of HLA compatibility between donor and recipient (exact 
matches v those utilizing cross-reactive associations) was 
unrelated to the ability of the MAIA to predict trantusion 
results. The MAIA may be capable of differentiating HLA 
antibodies, ABO antibodies, and platelet-specific antibod- 
ies responsible for failures of HLA-matched and selectively 
mismatched single-donor platelet transfusions. 

® 1987 by Grune & Stratton, inc. 


anticipated pooling of one third of the transfused cells in the spleen. 
One-hour posttransfusion recoveries of 65% or more and 24-hour 
recoveries of 57% or more were considered successful responses. 

Platelet preparation. EDTA (0.6 mL, 5% EDTA/10 mL) was 
added to platelet-rich plasma (PRP) from units of citrate- 
phosphate-dextrose-A (CPD-A) whole blood. The PRP was used as 
a fresh platelet source, or the platelets were isolated and frozen in 5% 
dimethyl sulfoxide (DMSO).” Alternatively, 30 mL of blood in 
EDTA (0.3 mL, 5% EDTA/1!0 mL) was drawn from donors who 
were not eligible to donate a unit of whole blood. The PRP was 
separated (300 g for ten minutes), the platelets pelleted (1,000 g for 
seven minutes), and the platelet-poor plasma removed. The platelet 
button was resuspended in buffer for the '*1 monoclonal anti-IgG 
assay (MAIA) (platelet suspension buffer, PSB) or the indirect 
immunofluorescence test (phosphate-buffered saline with 0.1% 
sodium azide). Platelets were also frozen in 5% DMSO (-~ 80°C) for 
use in the Cr release assay and in the MAIA.” 

"257 MALA. Monoclonal antihuman IgG was purified from 
ascites fluid (BRL 9474SA, Bethesda Research Laboratories, Gal- 
thersburg, MD) by methods previously reported."*"” 

A method” adapted from that described by Lo Buglio et al“! was 
used to quantify platelet-bound IgG. Platelets separated from 
EDTA whole blood or thawed in pooled AB plasma in 5% DMSO 
were washed three times in phosphate-buffered saline-EDTA (4 
mmol/L) containing 1% bovine serum albumin (PSB) at pH 6.8 and 
the platelet count adjusted to 25 x 10° platelets in 0.05 mL buffer. A 
quantity of 0.250 mL serum (0.6 mL, 5% EDTA/10 mL) was added 
to the platelet suspension, and the mixture was incubated for 30 
minutes at room temperature. The platelets were washed free of 
serum (1,000 g for seven minutes for three washes) and suspended in 
0.3 mL of PSB, and 2 ug of 251 labeled monoclonal antibody in PSB 
(0.2 mL) was added. In preliminary studies, this amount of mono- 
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clonal antibody was found to be capable of saturating IgG binding 
sites on platelets maximally sensitized with HLA or platelet-specific 
alloantibodies. After 30 minutes at room temperature, 0.1-mL 
aliquots containing 5 x 10° platelets were placed in triplicate in 0.4 
ml. Starstedt tubes over 0.2 mL 30% Percoll layers if fresh donor 
platelets were used. The concentration of Percoll was reduced to 20% 
if frozen platelets were used. The tubes were then centrifuged at 
7,500 g for four minutes in a Beckman microfuge (Beckman 
Instruments, Inc, Fullerton, CA). The platelets migrated to the tube 
tips and left unbound ‘I-labeled monoclonal antibody above the 
Percoll cushion. The Percoll cushion was then carefully aspirated 
from the top down by using a Pasteur pipette while leaving the 
undisturbed platelet button at the tube tip. The tube tips were 
separated and placed in gamma scintillation counting tubes, and the 
radioactivity was determined in a gamma counter. The number of 
molecules of IgG bound per platelet was determined by the following 
formula developed by LoBuglio and colleagues””': Molecules IgG/ 
platelet = 4.02 x 10° cpm in sample tube/specific activity x 5 x 10°, 
where 4.02 x 10° is the number of molecules of monoclonal 
antibody /ng and specific activity is expressed as cpm per nanogram 
of labeled protein. The monoclonal anti-Fe antibody binds to all 
subclasses of IgG ata ratio of 11.197! 

For each donor platelet preparation studied, an autologous control 
tube using donor platelets with autologous plasma was tested in 
addition to a positive contro! using a known anti-HLA-A2 or 
anti-PI^ antiserum and an HLA-A2-positive, PI*'-positive platelet 
preparation. The mean number of molecules IgG per platelet for the 
autologous controls was determined, and 2 SD above the mean was 
chosen as the cutoff for a positive result in this assay (2,720 
molecules per platelet). The mean coefficient of variation (CV) of 
the MAIA was 14.5% + 6.3%. 

Platelet suspension immunofluorescence test. The platelet sus- 
pension immunofluorescence test (PSIFT) used was adapted from 
von dem Borne et al.’ Modifications included omission of the 
paraformaldehyde fixation step and reduction in the serum: cell ratio 
to 0.25 mL serum to 10’ platelets. A fluorescein-conjugated polyva- 
lent goat antihuman immune globulin was used to detect platelet- 
associated immunoglobulin (Meloy Laboratories, Inc, Springfield, 
VA). Results were graded © to 4+ based on the amount of 
fluorescence seen under the fluorescent microscope. 

“Chromium release test. This assay was performed on DMSO- 
frozen, papain-treated platelets.” Patient sera were heat inacti- 
vated and added to *'Cr-labeled donor platelets. Complement in the 
form of normal human plasma anticoagulated with EDTA and 
supplemented with MgCl, was added and lysis measured by detec- 
tion of the amount of released *'Cr after two hours at 37°C.?* 
Normal! human serum and a known anti-PI*!' antiserum were used in 
each assay as negative and positive controls. 

Microlymphocytotoxic crossmatch. Microlymphocytotoxicity 
testing was done by using standard methodology” with patient 
serum and donor lymphocytes. Patient serum was used at dilutions of 
1:2, 1:4, 1:8, and 1:16. Cell death was graded ona scale of 1 to 8. The 
scores for all dilutions were combined to arrive at a lymphocytotoxic- 
ity score. A score greater than 5 was considered a positive result. 

Statistical analysis. Two-by-two chi-square comparisons of 
antibody test results with one- and 24-hour posttransfusion platelet 
recoveries were performed for all tests by using the cutoff values for 
successful transfusion responses defined before. 

For purposes of this study, the following definitions of sensitivity, 
specificity, and predictability were used: Sensitivity = true posi- 
tives/(true positives + false negatives). Specificity = true nega- 
tives/(true negatives + false positives). Predictability ~ (true posi- 
tives + true negatives) /all test results. True positive refers to those 
donor-recipient pairs with positive antibody test results and poor 
transfusion responses, true negative to negative test results with 
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satisfactory transfusion responses, false-positive to positive test 
results and satisfactory responses, and false-negative to negative test 
results and poor transfusicn responses. 


RESULTS 


In all, 55 transfusions were studied. Thirty-five transfu- 
sions from 25 donors administered to 17 patients were 
documented to occur in the absence of fever, bleeding, 
splenomegaly, sepsis, or DIC (group 1). One-hour posttrans- 
fusion platelet recoveries were available on all 35 transfu- 
sions in group l; 24-hour recoveries were available in 34. 
Twenty transfusions from 17 donors were given to 14 
patients in whom one or more of the clinical factors listed 
before were present (group 2). One-hour recovery data were 
available on all 20 of the group 2 patients, and in 19, 24-hour 
data were available. Nine patients received transfusions 
classified in groups 1 and 2 because of changes in their 
clinical status. Serum sampies from the patients were col- 
lected a mean of 3.5 + &.1 days prior to transfusion. Forty-six 
samples were collected pretransfusion (zero to 22 days}, and 
nine were collected pos:transfusion (one to 15 days). 

Results of all four assays were correlated with the transfu- 
sion responses for group | transfusions. Sensitivity, specific- 
ity, and predictability at one and 24 hours were calculated 
for each assay (Table 1). Of the four assays, the MATA was 
most predictive of transfusion outcome (Fig 1). At 24 hours, 
its specificity was 100%, ie, no false-positive reactions were 
obtained. The only other assay to reach statistical signifi- 
cance in predicting recovery was the PSIFT. However, 
PSIFT had only 40% sensitivity at one hour. When group | 
and group 2 transfusions were combined, the ability of the 
MAIA test to predict transfusion responses at one and 24 
hours was reduced (Fig 2). Even so, specificity at 24 hours 
was 86%. 

Donor-recipient ma:ches utilizing cross-reactive HLA 
associations (BIX. B2X, B3X, B2UX) (Table 2)* were 
compared with those that were more completely matched (A, 
BIU, B2U). At one hour, the response to the cross-reactive 
matches was predicted iess well by the MATA (Fig 3A) than 


Table 1. Prediction of Transfusion Responses 











Assay 1-h Recovery 24-h Recovery 
MAIA xX? = 8.11, F < .01 
Sensitivity 75% 69% 
Specificity 73% 100% 
Predictability 74% 76% 
LCT x?-NS NS 
Sensitivity 24% 30% 
Specificity 73% 88% 
Predictability 47% 45% 
Cr release ?-NS NS 
Sensitivity 12% 10% 
Specificity 100% 100% 
Predictability 48% 32% 
PSIFT xX? = 4.97, F < .05 NS 
Sensitivity 40% 31% 
Specificity 93% 88% 
Predictability 63% 44% 
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Fig 1. Crossmatch results using the MAIA. One-hour {A} and 


24-hour (B) platelet recoveries (abscissa) and number of molecules 
of IgG measured per platelet in the MAIA crossmatch (ordinate) 
are shown for group 1 transfusions. A total of 2,720 molecules per 
platelet or greater was considered a positive result based on the 
mean number of molecules per platelet plus 2 SD in the normal 
autologous controls (n = 34}. A successful one-hour recovery was 
considered to be 65% and a successful 24-hour recovery, 57%. 
x? = 8.11, P < .01 for one hour recovery: x? = 11.77, P < .001 for 
24-hour recovery {2 x 2 chi-squared test of homogeneity). 


the response to fully matched transfusions (Fig 3B). This 
difference was less apparent at 24 hours (Fig 4A and 4B). 

When the mean of the positive reactions for the cross- 
reactive group of transfusions was compared with that of the 
fully matched group at 24 hours, we found that positive 
reactions in the latter group were characterized by levels of 
platelet-associated IgG about twice as great (7,310 mole- 
cules per platelet) as those of the former (3,174 molecules 
per platelet) (Fig 5). 

One patient’s serum (G.M.) gave the highest reactions of 
any donor-recipient pair when tested against platelets of her 
donor (66,683 molecules per platelet) (Fig 5). These HLA- 
A-matched, ABO-matched platelets gave poor one- and 
24-hour platelet count recoveries (10% and 7%). 

ABO antibodies have been implicated as a cause of 
refractory platelet responses in some patients. The ABO 
blood groups of both recipients and donors were analyzed for 
cross-reactive and fully matched transfusions. In evaluating 
the 24-hour data, four of nine positive reactions noted in the 
fully matched group were found to be associated with 
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Fig 2. Crossmatch results using the MAIA for all transfusions 


in groups 1 and 2 at one hour (A) and 24 hours {B}. Units are as in 
Fig 1. x? = 6.24, P < .05 for one-hour recovery, x? = 10.28, P < 01 
for 24-hour recovery (2 x 2 chi-squared test of homogeneity}. 


transfusion of platelets from an A or AB donor to a group O 
patient. Only one of the positive reactions in the cross- 
reactive group represented this type of incompatibility (Fig 
4). These numbers were too small to allow meaningful 
statistical analysis. 

One group O patient with a previously demonstrated 
high-titer anti-A in his serum (agglutinating and hemolytic) 
was included in the study. Three transfusions from group A 
donors (HLA match grades A, B2U, BIX) and two transfu- 
sions from group O donors (HLA match grade B2UX) were 


Table 2. Classification of Donor / Recipient Pairs on the Basis 
of HLA Match 





A All 4 antigens in donor identical to those of recipient 

BiU Only 3 antigens detected in donor, all present in re- 
cipient. 

B2U Only 2 antigens detected in donor, both present in 
recipient. 

Bix Three donor antigens identical to recipient, fourth an- 


tigen cross-reactive with recipient. 


B2UX Only 3 antigens detected in donor: 2 identical with 
recipient, third cross-reactive. 
B2X Two donor antigens identical to recipient, third and 


fourth antigens cross-reactive with recipient. 





From Duquesnoy et al.? 
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Fig 3. Crossmatch results using the MAIA and one-hour 
platelet recoveries for group 1 transfusions in which donor- 
recipient pairs were matched only within cross-reactive HLA 
antigen groups (A) or were more closely matched (B). Units are as 
in Fig 1. x? not significant for transfusions in (A); x? = 5.83, P < .05 
for transfusions in (B) (2 x2 chi-squared test of homogeneity). 


analyzed. The mean MAIA result for group A transfusions 
was 9,595 + 1,473 molecules IgG per platelet (Fig 5), and 
that of the group O platelets was 689 + 420 molecules IgG 
per platelet. These MAIA results correlated with the trans- 
fusion responses: group A transfusions, 12%, 19%, 0% recov- 
ery at one hour; and group O transfusions, 128%, 49% 
recovery at one hour. 


DISCUSSION 


Of the four methods studied, the MAIA test was most 
predictive of transfusion response at one and 24 hours. The 
majority of the MAIA assays were performed on frozen 
donor cells, which suggests that frozen platelets can be used 
to select donors for refractory patients. In contrast, the 
PSIFT lacked sensitivity in our hands. Others have found 
this assay to be more sensitive.'' Two possible explanations 
are (1) the lower serum:cell ratio used in our studies and (2) 
the fact that all transfusions studied by us were matched or 
only slightly mismatched for class | HLA antigens. It may be 
that more extreme HLA incompatibilities are necessary to 
demonstrate positive reactions in the PSIFT. The lymphocy- 
totoxicity test was not predictive of the transfusion response. 
This is probably due to the fact that closely HLA-matched 
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Fig 4. Crossmatch results using the MAIA and 24-hour plate- 
let recoveries for group 1 transfusions in which donor-recipient 
pairs were matched within cross-reactive HLA antigen groups (A) 
or were more closely matched (B). ABO-incompatible transfusions 
are shown by open symbols. x? = 5.62, P < .05 for (A): x? = 6.92, 
P < .01 for {B} {2 x 2 chi-squared test for homogeneity). 


donors were used for these patients. Antiglobulin enhance- 
ment of the microcytotoxicity test, not used in this study, 
might have improved the sensitivity of the lymphocyte 
crossmatch.”* The failure of the “'Cr release method to 
predict platelet transfusion responses probably reflects the 
requirement of this assay for complement-fixing antibodies. 
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Fig 5. Crossmatch results [mear + SEM) for positive reac- 
tions obtained with donor-recipient pairs matched only within HLA 
cross-reactive antigen groups {A); mere closely matched (B); 
mismatched for ABO but matched for HLA, Group O patient with 
high-titer anti-A {n = 3) (C); matched for ABO and HLA and 
transfused to the same patient {n = 2) (D); matched for ABO and 
HLA and tested against serum from patient G.M. (E}; and control 
studies using autologous serum {F}. 
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PLATELET COMPATIBILITY TESTING 


Although the MAIA provided the best prediction of 
transfusion response, occasional false-positive and, more 
common, false-negative reactions were noted, particularly 
when recoveries one hour after the transfusion were evalu- 
ated. The false-positive reactions for one-hour recovery pre- 
dictions may reflect the high sensitivity of the MAIA for 
detection of platelet-bound IgG, ie, it may be capable of 
detecting amounts of IgG insufficient to cause poor one-hour 
recoveries but sufficient to cause platelet destruction in 24 
hours. False-negative reactions might be explained by the 
inability of our monoclonal antibody to detect immunoglobu- 
lins other than IgG. Alternatively, nonimmune factors caus- 
ing platelet consumption that were not apparent clinically 
may have affected recoveries in some patients. 

It is evident that the MAIA predicted responses to trans- 
fusions that were apparently matched for all class I HLA-A 
and -B antigens as well as those that were slightly mis- 
matched (cross-reactive) (Fig 4). The positive crossmatches 
seen with platelets of match grades A and BU could be 
caused by antibodies reactive with platelet-specific antigens 
or with A or B blood group substances. Subtle Class I HLA 
antigen differences not characterized by available serological 
reagents might also explain the positive reactions seen with 
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these well-matched but unrelated donor/recipient pairs. The 
larger number of ABO-incompatible transfusions in the fully 
matched group with positive crossmatches supports the pos- 
sibility that ABO antibodies are important in some of these 
positive reactions. Deposition of extremely high levels of IgG 
by one patient’s serum (G.M.) onto donor cells (Fig 5) 
suggests the presence of one or more antibodies reacting with 
platelet-specific antigens that are expressed more densely on 
the platelet surface than HLA antigens.” 

These preliminary results showing differences in the fre- 
quency of positive crossmatches and the strength of individ- 
ual reactions with HLA-~cross-reactive, HLA~fully 
matched, and ABO-incompatible donor-recipient pairs sug- 
gest that the MAIA may be useful in distinguishing HLA 
from non-HLA seroreactivity as the cause of platelet refrac- 
toriness in alloimmunized patients. Larger numbers of trans- 
fusions must be analyzed to investigate this possibility. 
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Kinetics of Inhibition of Human Plasma Kallikrein by a Site-Specific Modified 
Inhibitor Arg'®-Aprotinin: Evaluation Using a Microplate System and 
Comparison With Other Proteases 


By Cheryl F. Scott, Herbert R. Wenzel, Harald R. Tschesche, and Robert W. Colman 


Human plasma kallikrein, a product of contact-activated 
plasma proteolysis, is moderately inhibited by aprotinin, a 
small polypeptide from bovine lung that has been used as 
an experimental drug in human disease states. Aprotinin 
has a Lys residue in the P1 (reactive center) position 
occupying residue 15. Since kallikrein is an arginine- 
directed serine protease, we hypothesized that an altered 
form of aprotinin, Arg'*-aprotinin, might be a better inhibi- 
tor. Kinetic evaluations were performed in 96-well micro- 
plates. We found that the K, {loose or Michaelis-Menten 
complex) was unchanged by the modification. However, 
the association rate constant was increased from 1.14 x 
10* (mol/L) s~? to 1.5 x 10° (mol/L)~'s’, thus indicating 
that the inhibition rate was increased 14-fold for the 
modified protein. The K, (at equilibrium) was decreased 
from 3.2 x 10°’ mol/L to 1.5 x 10°° mol/L after substitut- 
ing Arg for Lys in the P1 position. Therefore, the modified 


H” MAN PLASMA PREKALLIKREIN is one of three 

proenzymes constituting the contact system of plasma 
proteolysis. Activation of this system, which includes the 
conversion of prekallikrein to kallikrein in both the surface 
and fluid phases, has been implicated in the hypotension that 
accompanies septicemia’ and in attacks of hereditary 
angioedema.“ Plasma kallikrein has been shown, in vitro, to 
be moderately inhibited by aprotinin, a potent inhibitor of 
trypsin and plasmin. 

Aprotinin, a polypeptide with a molecular weight of 6,512 
d, contains a lysyl residue at position 15 that functions as the 
P1 or reactive center of the inhibitor.“ Thus, the Lys'*-Ala’® 
bond, located at the top of the molecule, specifically interacts 
with the active site of the enzyme.* However, this reaction is 
stabilized by additional weaker interactions,”"® and the most 
intimate contacts with the enzyme are made by the residues 
in positions 15, 16, 17, and 39."° Inhibition of serine proteases 
by aprotinin has always been reported to be reversible and 
competitive. 

Plasma kallikrein is a serine protease with a preference for 
arginyl residues in the P1 position.'''? We therefore postu- 
lated that if arginine were substituted for lysine in the P1 
position of aprotinin a more potent inhibitor for plasma 
kallikrein might result that could have potential clinical 
usefulness. Such a modified aprotinin was recently synthe- 
sized enzymatically with arginine substituted for lysine at 
amino acid 15 (Arg’*-aprotinin), the reactive center of the 
aprotinin molecule.” 

Traditionally, characterization of enzyme functions has 
been performed with a spectrophotometer using initial rate 
determinations or, in some cases, measuring the change in 
absorbance of a chromophore after a fixed time of substrate 
hydrolysis. In this report, we investigated in detail the 
kinetics of inhibition by Arg'-aprotinin on human plasma 
kallikrein by using the chromogenic substrate H-D-Pro- 
Phe-Arg-pNA (S-2302), 96-well microplates, and a micro- 
plate reader. We then compared the effect of the two 
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inhibitor binds to plasma kallikrein more tightly than the 
natural protein. We also investigated the effect of Arg- 
aprotinin on tissue kallikrein, plasmin, factor XIla, factor 
Xia, and thrombin and found that the K, slightly decreased 
from 5.1 x 10°7 mol/L to 1.2 x 10°’ mol/L for tissue 
kallikrein and slightly decreased from 2 x 10`" mol/L to 
1 x 10`? mol/L for plasmin. Arg’®-aprotinin did not inhibit 
thrombin or factor XIla, even though both enzymes are 
arginine-directed serine proteases. However, factor Xia. 
although it was not inhibited by aprotinin, had a K, of 3.4 x 
107° mol/L for Arg’®-aprotinin. Therefore, Arg’*-aprotinin 
is a more effective inhibitor of plasma kallikrein as well as 
factor Xla but shows minimal preference for plasmin and 
tissue kallikrein. This study also indicates that it is possible 
and practical to perform kinetic analyses directly in micro- 
plates. 

© 1987 by Grune & Stratton, Inc. 


inhibitors on five other human enzymes, urinary kallikrein, 
plasmin, factor XHa, factor XIa, and thrombin. 


MATERIALS AND METHODS 


Human plasma kallikrein, plasmin, H-D-Pro-Phe-Arg-pNA (5- 
2302), H-D-Val-Leu-Lys-pNA (5-2251), H-D-Phe-Pip-Arg-pNA 
(S-2238}, and H-D-Val-Leu-Arg-pNA (5-2266) were generously 
furnished by KabiVitrum, Mölndal, Sweden, and its US distributor, 
Helena Laboratories, Beaumont, TX. Human thrombin (2.900 
U/mg) was a generous gift of Dr John W. Fenton H, Albany, NY. 
Microplates utilized in this study were Falcon, tissue culture-treated 
plates (#3075) purchased from Fisher Scientific Company, King of 
Prussia. PA. The microplate reader was a Bio-Rad model 2550 ETA 
reader purchased from Bio-Rad, Inc, Richmond, CA. Polyethylene 
glycol (PEG 8000) was purchased from Sigma Chemical Co, St 
Louis. All other reagents were the best grade available. 

Human plasma kallikrein. Obtained from KabiVitrum, human 
plasma kallikrein is purified 200-fold from euglobulin-free plasma 
and chromatographed on QAE-Sephadex, Sephadex G-150, and 
Sephadex G-100 according to the method of Gallimore et al. The 
specific activity is 1.2 Chromozyme-PK U/mg and contains igG as 
the only protein contaminant. 
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Human urinary kallikrein. A generous gift of Dr Julie Chao 
(Charleston, SC), human urinary kallekrein was purified to homo- 
geneity according to the method of Shimamoto et al. The specific 
activity was 74 EU/mg using the substrate Tos-Arg-O-[°H]-Me. 

Human plasmin. Human plasmin (KabiVitrum) is generated 
from plasminogen that is prepared according to the method of 
Deutsch and Mertz'* and activated via a matrix-bound activator. 
The specific activity is 15 casein units (CU)/mg. 

Human factor Xla.__\t was purified and activated as described 
previously by this laboratory." The specific activity was 200 U/mg 
where | unit is the amount in | mL normal plasma. 

Human factor Xila. Human factor XIla was prepared as 
previously detailed from our laboratory.'* The specific activity was 
62 U/mg where | unit is the amount in | mL normal plasma. 

Aprotinin. — Aprotinin was purified from bovine lung as 
described by Fritz et al.” 

Arg”-aprotinin (semisynthetic). The procedure for replace- 
ment of Lys by Arg in position 15 of aprotinin is described in detail 
elsewhere.” Briefly, it consists of the following steps: (1) selective 
reduction of the Cys'*-Cys* disulfide bridge with sodium borohy- 
dride”; (2) tryptic cleavage of the reactive-site peptide bond Lys'*- 
Ala’®”, (3) air reoxidation of the half-cystine residues to yield 
modified aprotinin”; (4) removal of Lys'’ by carboxypeptidase B”; 
(5) coupling of arginine to Cys'* in a reverse reaction catalyzed by 
carboxypeptidase B to yield modified Arg'-aprotinin in minute 
amounts”; (6) trapping of this product by complex formation with 
kallikrein from porcine pancreas, thus shifting the carbox ypepti- 
dase-catalyzed reaction towards synthesis; and (7) kinetic control 
dissociation of the complex to yield single-chain Arg'*-aprotinin as 
the main product. 

The semisynthetic inhibitor was purified by gel filtration and 
cation-exchange chromatography. It was characterized by amino 
acid analysis, automated Edman degradation, x-ray crystal struc- 
ture analysis,” inhibition studies with various serine proteinases, 
polyacrylamide gel electrophoresis, and high-pressure liquid cation- 
exchange chromatography.” The Arg'*-aprotinin preparation was 
found to be homogeneous according to all these criteria applied. 

Microassay for plasma kallikrein. Plasma kallikrein was 
reconstituted with 0.2% PEG to prevent nonspecific adsorption of 
proteases.” The total volume of enzyme plus buffer and/or inhibitor 
was routinely 100 wh. Fifty microliters of 2 mmol/L S-2302 was 
added to the enzyme mixture at room temperature, and hydrolysis 
was allowed to proceed for 15 to 20 minutes. The hydrolysis reaction 
was quenched with 50 aL of 50% acetic acid. The microplates were 
read at 405 nm, and the blanks (omitting enzyme) were subtracted 
from the total absorbance, or the values were plotted directly with 
the “blank value” at the origin. The amount of paranitroanaline 
(pNA) produced was calculated from a standard curve prepared 
from 200 ul. of various concentrations of pNA standard (available 
free of charge from KabiVitrum/Helena Laboratories), or the 
absolute absorbance values at 405 nm were used. The buffer used for 
this assay was 20 mmol/L Tris-Cl, pH 7.4, containing 0.15 mol/L 
NaCl, | mmol/L EDTA, and 0.1% PEG (buffer A). 

Determination of Km for piasma kallikrein and S-2302 in a 
microplate system. in preliminary experiments, the rate of 
hydrolysis of S-2302 was linear over 30 minutes in the range of 
substrate concentrations used, which allowed a single time of 20 
minutes to be used for estimation of the initial rates. In addition, the 
degree of hydrolysis at a single time and substrate concentration was 
proportional to the kallikrein concentration in the presence or 
absence of inhibitor (Fig 1A), even at a low substrate concentration 
(0.13 mmol/L). 

When kallikrein was preincubated with aprotinin for 30 minutes 
prior to the addition of S-2302, linear progress curves resulted (Fig 
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Fig 1. Progress curves of plasma kallikrein in the presence 
and absence of aprotinin. (A) Kallikrein (3 nmol/L) was incubated 
with 0.133 mmol/L S-2302 in the presence {O} and absence {@) of 
0.25 umol/L aprotinin. At the times indicated, the reaction was 
quenched with acetic acid (see Materials and Methods). (B) 
Kallikrein (3 nmol/L} was preincubated with 0.5 nmol/L aprotinin 
{O} or buffer (@) for 30 minutes prior to the addition of 0.66 
mmol/L S-2302. At the times indicated, the reaction was 
quenched with acetic acid {see Materials and Methods). 


1B). Significant dissociation did not occur due to minimal dilution of 
enzyme and prevention of dissociation by the substrate. 

When kallikrein was incubated with S-2302 ranging from 0.13 to 
0.66 mmol/L (conditions as in Materials and Methods), the Kn was 
found to be 0.25 mmol/L, in close agreement with previously 
published results using S-2302 in a spectrophotometric assay.” 
Therefore, after interpreting the results of these experiments, we 
proceeded to use the microsystem for further kinetic analyses. 

Kinetic analysis of inhibition. The equation used was adapted 
from that of Fritz and Wunderer? for a reversible tight binding 
inhibitor: 


where E = kallikrein, I = aprotinin or Arg'*-aprotinin, L = loose or 
Michaelis-Menten complex, and C = stable complex. Ki = k.,/ky; 
K; = k_,/k). 

Since the formation of L is a fast second-order reaction, k, Is 
assumed to be rate determining for the formation of a stable complex 
and is approximately equal to the kasa for the complex. 

Plasma kallikrein—determination of K,. Kallikrein was incu- 
bated with various concentrations of aprotinin or Arg”-aprotinin for 
30 minutes prior to the addition of S-2302. The hydrolysis of the 
substrate by the residual enzyme activity proceeded for 20 minutes 
before termination by acetic acid. 

Human thrombin-—determination of K Twenty microliters of 
human thrombin (80 nmol/L) was incubated with either aprotinin, 
Arg'*-aprotinin, or buffer A in a final volume of 120 ul for 30 
minutes prior to the addition of 60 uL of 0.75 mmol/L S-2238. 
Hydrolysis proceeded for three minutes prior to the addition of 50 pL 
of 50% acetic acid. 


KALLIKREIN-APROTININ INHIBITION KINETICS 


Human plasmin-——determination of K; Fifty microliters of 
human plasmin (0.125 CU/mL) was incubated with either aprotin- 
in, Arg'’-aprotinin, or buffer (50 mmol/L Tris-Cl, pH 7.4, contain- 
ing 0.1% PEG) in microplates (final volume, 100 uL) for 30 minutes 
prior to the addition of 50 uL of 2 mmol/L S-2251. Hydrolysis 
proceeded for 20 minutes prior to the addition of 50 uL of 50% acetic 
acid. 

Human urinary kallikrein—-determination of K; Fifty micro- 
liters of human urinary kallikrein (10 ug/ml) was incubated with 
aprotinin, Arg'®-aprotinin, or buffer A in a final volume of 100 uL 
for 30 minutes prior to the addition of 50 uL of 0.8 mmol/L S-2266. 
Hydrolysis proceeded for 20 minutes prior to the addition of 50 uL of 
50% acetic acid, 

Human factor Xla--determination of K; Fifty microliters of 
human factor XIa (0.04 U/mL) was incubated with either aprotinin, 
Arg’’-aprotinin, or buffer A in a final volume of 100 pL for 30 
minutes. Fifty microliters of S-2266 (6 mmol/L) was added, and 
hydrolysis proceeded for ten minutes prior to quenching with 50 uL 
of 50% acetic acid. 

Human factor XHa—determination of K,. Fifty microliters of 
human factor XHa (0.02 U/mL) was incubated with either aprotin- 
in, Arg'*-aprotinin, or buffer A in a final volume of 100 xL for 30 
minutes. Fifty microliters of S-2302 (2 mmol/L) was added, and 
hydrolysis proceeded for 90 minutes prior to the addition of 50 uL of 
50% acetic acid. 


RESULTS 


Determination of K, of plasma kallikrein with aprotinin 
and Arg'’-aprotinin. Kallikrein was added to various 
concentrations of either aprotinin (Fig 2, left) or Arg’*- 
aprotinin (Fig 2, right) together with S-2302 and was 
assayed as in Materials and Methods. Inhibition was com- 
petitive and reversible for both inhibitors, similar to the 
action of aprotinin on other enzymes.” From the data in Fig 
2, the K,, and the K,, (app) were plotted v inhibitor concen- 
tration to determine the K, (loose or Michaelis complex), 
which was calculated to be 1.02 x 1077 mol/L, for both 
inhibitors (Fig 3). 
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Fig 2. Determination of K,, and K,, app for plasma kallikrein 
with apretinin and Arg'-aprotinin. Kallikrein (3 mmol/L} was 
incubated with aprotinin (A) or Arg'®-aprotinin (B) ranging from 64 
to 192 nmol/L in the presence of S-2302 ranging from 0.133 to 
0.66 mmol/L. The hydrolysis of the substrate proceeded for 20 
minutes before quenching with acetic acid. @, 0; O, 64 nmol/L 
aprotinin or Arg’®-aprotinin; x, 128 nmol/L aprotinin or Arg- 
aprotinin: ©, 192 nmol/L aprotinin or Arg’®-aprotinin. 
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Fig3. Calculation of K, for plasma kallikrein with aprotininand 
Arg’*-aprotinin. The K,, and K,, (app) from Fig 2 were plotted v the 
inhibitor concentration. The intercept on the abscissa is equal to 
the K, (loose, Michaelis-Menten inhibition constant). x, aprotinin: 
0, Arg’®-aprotinin. 


Determination of ky fkes) Of the complex of plasma 
kallikrein with aprotinin and Arg’*-aprotinin. Kallikrein 
was incubated with an equimolar concentration of Arg- 
aprotinin (Fig 4) for various times prior to addition of 
S-2302. The association rate constant (k:} for Arg- 
aprotinin was found to be 1.5 x 10° (mol/L) "s74 

Kallikrein (20 nmol/L) was incubated with aprotinin 
ranging in concentration from 150 nmol/L to 600 nmol/L. 
At various times, a portion was transferred to a microplate 
containing S-2302, and the hydrolysis proceeded as in Mate- 
rials and Methods. By either a first-order plot or calculation 
by the second-order rate equation, the Kaso was calculated to 
be 1.14 x 10° (mol/L) 7 s~? (data not shown). Therefore. the 
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Fig 4. Determination of association rate constant {k,} of 
plasma kallikrein and Arg'’-aprotinin. Kallikrein (9 nmol/L) was 
incubated with Arg’®-aprotinin (9 nmol/L). At various times, a 
portion was assayed for residual kallikrein activity. The reciprocal 
of the residual enzyme activity is plotted v time. The slope is equal 
to the k,. 
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association rate for kallikrein and the modified inhibitor is 
ninefold greater than that for the natural inhibitor. 

Determination of the equilibrium constant (K;) of plasma 
kallikrein and aprotinin or Arg'*-aprotinin. The K; for 
kallikrein and aprotinin was calculated to be 3.2 x 10°’ 
mol/L (Fig 5A) and 1.5 x 10°* mol/L for kallikrein and 
Arg'’-aprotinin (Fig 5B). Therefore, the affinity of Arg!*- 
aprotinin for plasma kallikrein is 20-fold tighter than for the 
unmodified inhibitor. 

Calculation of the k_, for kallikrein and aprotinin or 
Arg’’-aprotinin. The k., was calculated by the following 
equation: 


k. = K(k). 


The k_, for kallikrein and aprotinin was calculated to be 
3.6 x 107s! and 2.5 x 10°?/s for kallikrein and Arg'*- 
aprotinin. The half-life of the complex (t'? = 0.693/k_) 
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Fig5. (A) Determination of K, of plasma kallikrein and aprotin- 
in. Kallikrein (9 nmol/L) was preincubated with aprotinin ranging 
from 95 to 570 nmol/L for 30 minutes prior to the incubation with 
S-2302 for 20 minutes. The reciprocal of the A,o,/20 minutes is 
plotted against the aprotinin concentration. The intercept on the 
abscissa is equal to the dissociation constant. (B) Determination 
of K, of plasma kallikrein and Arg'°-aprotinin. Kallikrein (9 nmol/L) 
was preincubated with Arg’-aprotinin ranging from 6.4 to 44.8 
nmol/L for 30 minutes prior to the incubation with S-2302 for 20 
minutes. The data were treated as per Fig 5A. 
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Table 1. Equilibrium Dissociation Constant {K,) for Proteases 
and Aprotinin or Arg'®-Aprotinin at 23°C (pH 7.4) 














Aprotinin Arg'®-Aprotinin 





1,5 x 10° mol/L 
1.2 x 10°’mol/L 


Plasma kallikrein 
Tissue kallikrein* 


3.2 x 10°’moi/L 
5.1 x 10°’mol/L 


Plasmin 2 x 10°8mol/t 1 x 10°°mol/L 
Thrombin t t 
Factor Xila t t 
Factor Xla + 3.4 x 10°8moil/L 








The details of the incubation mixtures and assay conditions are in 
Materials and Methods. Kinetic analyses are performed as in Fig 5. 

*Human urinary kallikrein. 

+No inhibition. 


would therefore be 3.2 minutes for kallikrein inhibited by 
aprotinin and 4.6 minutes for kallikrein inhibited by Arg!*- 
aprotinin. 

Comparison of inhibitor potency for aprotinin and Arg- 
aprotinin on other proteases. The evaluation of the inter- 
action of aprotinin and Arg'’-aprotinin on human urinary 
kallikrein, human plasmin, human factor XHa, human fac- 
tor Xla, and human thrombin is presented in Table 1. 
Arg'’-aprotinin was a much more potent inhibitor than 
aprotinin for plasma kallikrein, but only slightly more potent 
for plasmin and tissue kallikrein. Thrombin and factor XHa 
were not inhibited by either aprotinin or by Arg'’-aprotinin. 
Although factor Xla was not inhibited by aprotinin, it was 
potently inhibited by the modified inhibitor. 


DISCUSSION 


The clinical use of aprotinin has been described for 
pancreatitis’’® and other pathophysiological conditions with 
varying degrees of success. Since the K; value for the 
kallikrein-aprotinin complex (3.2 x 10°’ mol/L) approaches 
the in vivo concentration of plasma prekallikrein (4.5 x 10°? 
mol/L), a considerable molar excess of aprotinin would be 
needed to inhibit any liberated kallikrein.’ This study indi- 
cates that Arg’-aprotinin is a more efficient inhibitor of 
kallikrein than aprotinin since there is a 13-fold increase in 
the rate of association and a 20-fold decrease in the dissocia- 
uon rate of the complex. These advantages make it more 
attractive for the clinical inactivation of plasma kallikrein 
since the rate of inactivation is sixfold greater than that 
obtainable with plasma concentrations of C1~ inhibitor, the 
major plasma protease inhibitor of plasma kallikrein?! How- 
ever, the reversible nature of the inhibitor may limit its 
application to acute situations since, with a half-life of the 
tight enzyme-inhibitor complex equal to 4.6 minutes, contin- 
uous infusions of relatively high concentrations would have 
to be used to produce the tight binding necessary to obviate 
the presence of low concentrations of this pathologically 
produced biologically potent enzyme because dilution in the 
plasma would favor dissociation. 

The previous determinations of the K, of aprotinin for 
human plasma and tissue kallikreins were performed at pH 
8.0.5 Since Engel et al? demonstrated that both the k; and 
the K; are pH dependent, we chose to perform all kinetic 
analyses under similar conditions of pH and ionic strength in 
order to achieve a more accurate comparison of the binding 
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of both aprotinin and Arg’*-aprotinin to various plasma 
proteases. Furthermore, the pH and ionic strength of our 
buffers closely approximates the conditions in blood. Under 
these conditions, plasma kallikrein and tissue kallikrein have 
similar affinities for aprotinin, and the K; is further lowered 
for plasma kallikrein by substitution of the arginine residue 
in position 15. Plasmin, which appears to prefer lysyl resi- 
dues, was minimally affected by the substitution, similar to 
the lack of effect of arginine in the PI position of the 
homologous sea anemone inhibitor.” The most striking 
change, however, was with factor XIa where aprotinin failed 
to inhibit this enzyme, whereas Arg'*-aprotinin had a very 
high affinity. This finding is similar to the marked increase in 
factor Xla inhibition seen with an arginine substitution in the 
P1 position of a,-antitrypsin.” Therefore, Arg'*-aprotinin is 
an efficient inhibitor of factor XIa, an enzyme for which few 
inhibitors have been described. 
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The P1 position of an inhibitor molecule has been postu- 
lated to be the most critical determinant of inhibitory 
specificity.'' However, if the P1 residue were the only crucial 
determinant of inhibitor function, then Arg'*-aprotinin 
should have been an excellent inhibitor of thrombin and 
factor XIla since both are arginine-directed serine proteases. 
Since Arg'*-aprotinin did not inhibit either enzyme, it 
appears that the P2 as well as other residues are also 
important contributors to inhibitory function. 

The use of the microplate system for formal kinetic 
analyses can drastically reduce assay time as well as substan- 
tially cut the cost of each determination. The system also 
obviates the need for a thermostated, sophisticated spectro- 
photometer. Furthermore, microplate assays can be per- 
formed virtually anywhere since the only requirement is a 
small bench area. This new technology should prove useful in 
any situation where a chromogenic substrate is used. 
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Expression of the c-raf Protooncogene in Human Hematopoietic 
Cells and Cell Lines 


By Eric Sariban, Thomas Mitchell, and Donald Kufe 


The murine sarcoma virus 3611 contains the transforming 
v-raf gene that has partial nucleotide homology with the 
src family of tyrosine kinase—encoding oncogenes. 
Although this virus induces fibrosarcomas in mice, a 
recombinant murine retrovirus carrying both the raf and 
myc oncogenes induces immunoblastic lymphomas and 
immortalizes mouse macrophages in vitro. The present 
study has thus monitored the expression of c-raf in human 
hematopoietic cells. The results demonstrate the presence 
of a 3.6-kb c-raf transcript in HL-60 promyelocytic leu- 
kemic cells. The induction of HL-60 cell differentiation 


ERTAIN PROTOONCOGENES have been impli- 
cated in the regulation of human hematopoietic cell 
proliferation and differentiation. Expression of the c-myc 
and e-myb protooncogenes has been associated with myeloid 
cell growth.'* c-myc and c-myb transcripts also decrease 
during induction of granulocytic and morocytic differentia- 
tion. In contrast, the transforming N-ras oncogene is 
expressed at similar levels during both myeloid proliferation 
and differentiation.* 

Monocytie differentiation of myeloid cells has been asso- 
ciated with the induction of c-fos, c-fms. and c-sis expres- 
sion.*®? The transient appearance of c-fos RNA during 
differentiation along the monocytic lineage precedes the 
induction of c-fms and c-sis transcripts. Macrophages thus 
express c-sis RNA and a platelet-derived growth factor-like 
molecule. ®} Furthermore, the c-fms gene product is a 
tyrosine kinase that is related to the receptor for the mononu- 
clear colony-simulating factor CSF-1." 

The present study has similarly monitored the expression 
of c-raf in human hematopoietic cells. V-raf is the transform- 
ing gene of the murine sarcoma virus 3611.” This virus 
induces fibrosarcomas in newborn mice and transforms both 
fibroblasts and epithelial cells in culture? A recombinant 
murine retrovirus carrying both the raf and myc oncogenes 
induces immunoblastic lymphomas of T ard B lineage cells.” 
Infection of murine macrophages with the raf/myc recombi- 
nant virus also causes growth factor independence and 
immortalization." Furthermore, c-raf-specific RNA has 
been detected in T cells of an autoimmune strain of mice and 
in tumors of B cell lineage.'® These findings have suggested 
an association between raf expression and certain hemato- 
poietic tumors. The presence of c-raf transcripts in normal 
and transformed hematopoietic cells derived from other 
lineages, however, is required to determine whether expres- 
sion of this protooncogene is restricted to specific tumors. 

The present results demonstrate that (1) c-raf is expressed 
in human HL-60 promyelocytic leukemic cells, (2) the level 
of c-raf transcripts is unrelated to HL-60 growth and differ- 
entiation, (3) c-raf RNA is not superinducible with cyclo- 
heximide, and (4) c-raf is detectable in hematopoietic cells 
differentiated along the granulocytic, monocytic, and lym- 
phoid lineages. 


Blood, Vol 69, No 5 (May), 1987: pp 1437-1440 


along the monocytic or granulocytic lineages had no 
detectable effect on the level of c-raf transcripts. Further- 
more, in contrast to c-myc and c-fms expression, inhibition 
of protein synthesis with cycloheximide had no detectable 
effect on c-raf expression. Similar levels of c-raf RNA were 
also found in other human cell lines derived from myeloid, B 
cell, and T cell tumors, as well as in normal granulocytes, 
monocytes, and macrophages. These findings suggest that 
the c-raf protooncogene is widely expressed in multiple 
hematopoietic lineages. 

® 1987 by Grune & Stratton, Inc. 


MATERIALS AND METHODS 


Cell lines and peripheral blood cells. The HL-50 promyelocytic 
leukemia cell line, the KG1 myeloid cell line, the 0937 monocytic 
cell line, the NA and AG-876 Burkitt cell lines, the JY B cell line, 
the MOLT-4T cell line, and the BeWo and JEG human choriocarci- 
noma cell lines were maintained in logarithmic growth phase. The 
HL-60 cells were also grown in the presence of 1.25% dimethyl 
sulfoxide (DMSO) (Fisher Scientific Co, Boston), 4 mmol/L hexa- 
methylene bisacetamide (H MBA) (Sigma Chemical Co, St Louis), 
3.3 x 10°% mol/L (TPA) (Sigma), and 5 x 107 mol/L 
1,25(OH),D,. Cytocentrifuge smears of induced HL-60 cells were 
examined for the expression of alphanaphthy! acetate esterase and 
nitroblue tetrazolium reduction.” Adherence was monitored by 
cellular attachment to the tissue culture flask. The percentage of 
positive cells was determined by counting 200 cells in duplicate. 
Granulocytes, monocytes, and macrophages were isolated as previ- 
ously described." 

DNA probes. The c-myc, c-fms, N-ras, and actin inserts were 
isolated from their vector sequences as previously described.*> The 
0.7-kb EcoR1-Sall fragment of the v-raf gene was purified from the 
p17! plasmid.” 

RNA extraction and hybridization. The procedures used for 
RNA extraction, transfer, hybridization, and washing were as 
reported previously.* 


RESULTS 


We have used the HL-60 promyelocytic cell line to study 
c-raf expression during proliferation and induction of hema- 
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topoietic cell differentiation. HL-60 cells were induced along 
the monocytic lineage after treatment with TPA” or 
1,25(OH),Dy.” In contrast, these cells were also induced to 
differentiate along the granulocytic pathway by treatment 
with DMSO or HMBA.'*' HL-60 cells were collected at 24 
and 72 hours after treatment with each of these inducers to 
monitor for c-raf expression. A 3.6-kb c-raf transcript was 
detectable in uninduced HL-60 cells (Fig 1). Furthermore, 
the level of c-raf RNA was comparable following induction 
along both the monocytic and granulocytic lineages. The 
similar levels of c-raf RNA during HL-60 proliferation and 
differentiation were comparable with the findings obtained 
with the actin probe (Fig 1). 

These findings were extended by examining earlier time 
points after treatment of HL-60 cells with TPA. TPA 
(3.3 x 10°* mol/L) exposure of HL-60 cells resulted in an 
immediate cessation of growth. The level of c-myc tran- 
scripts declined by six hours, whereas c-fms RNA was 
detectable by 12 hours (Fig 2). In contrast, there was no 
detectable difference in the level of c-raf transcripts (Fig 2), 
a finding similar to that obtained when using the N-ras 
probe’ (Fig 2). Furthermore, although cycloheximide super- 
induced the expression of c-myc and inhibited the induction 
of c-fms RNA, the inhibition of protein synthesis had no 
detectable effect on c-raf expression (Fig 2). 

The detection of c-raf transcripts in HL-60 cells induced 
along the monocytic and granulocytic pathways suggested 
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Fig1. Levels of c-raf RNA during induction of HL-60 monocytic 
(TPA and 1,25(OH),D,) and granulocytic (DMSO and HMBA) differ- 
entiation. HL-60 cells were grown as previously described”’ in the 
presence of 3.3 x 10 * mol/L TPA, 5 x 10 7 mol/L 1,25(OH),D,, 
1.25% DMSO, or 4 mmol/L HMBA for 24 and 72 hours. Total 
cellular RNA was purified by the guanidine thiocyanate—cesium 
chloride method, analyzed by electrophoresis of 15 ug RNA 
through 1% agarose-formaldehyde gels, and followed by Northern 
blot transfer to nitrocellulose." The RNA filters were hybridized for 
20 hours at 45°C with 10° cpm of “P-labeled nick-translated probe 
per milliliter of hybridization buffer. The 0.7-kb EcoRI/ Sall frag- 
ment of the v-raf gene was purified from the p171 plasmid. The 
2.0-kb Psti fragment of the chicken §-actin gene was purified from 
the pA1 plasmid. Cytocentrifuge smears of HL-60 cells were 
examined after 72 hours of continuous drug exposure to confirm 
induction of differentiation." 
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Fig2. Relationship of c-raf expression to that of c-myc, c-fms, 
and N-ras during induction of HL-60 cells with TPA. HL-60 cells 
were treated with 3.3 x 10 * mol/L TPA for the indicated times. 
The cells were also treated for six hours with 3.3 x 10 " mol/L 
TPA and 20 ug/ml cycloheximide (CH). RNA (15 ug) was then 
hybridized to the nick-transilated DNA probes." The 1.6-kb Cfal/ 
EcoRI fragment of the human c-myc 3’ exon was purified from the 
pMC41-3 RC plasmid. The 1.0-kb Pstl fragment of the v-fms gene 
was purified from the pSM3 plasmid. The 1.5-kb p52C- EcoRI 
fragment of the HL-60 N-ras gene was purified from a reconstruc- 
tion pBR322 plasmid. 


that this gene is expressed in multiple lineages. Indeed, c-raf 
RNA was also detectable in human U937 monocytic leuke- 
mia cells, U937 cells induced with TPA, and human periph- 
eral blood monocytes (Fig 3A). In addition, c-raf transcripts 
were also detectable in human granulocytes, macrophages. 
and KG-1 myeloid leukemia cells (Fig 3B). Furthermore, 
Burkitt cell lines (NA, AG-876), the JY B cell line, and 
MOLT-4 T cell line also expressed the 3.6-kb c-raf RNA. 
Finally, c-raf transcripts were also detectable in trophoblas- 
tic cell lines derived from choriocarcinomas (BeWo, JEG). 


DISCUSSION 


Two human genes are homologous to v-raf” C-raf-2 is a 
processed pseudogene located on chromosome 4, whereas the 
location of c-raf—| on chromosome 3 has suggested that this 
gene may be involved in certain human tumors characterized 
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C-raf transcripts in human peripheral blood cells and cell lines. The *“p_tabeled c-raf and actin probes were hybridized to RNA 


obtained from the various cell preparations (B). The U937 cells were treated with 3.3 x 10" mol/L TPA for 24 hours (A). Peripheral blood 
monocytes, granulocytes, and macrophages were purified as described." The methods were as described previously” and in the legend to 
Fig 1. For purposes of comparison, the intensities of the c-raf hybrids shown in (A) were equivalent to that obtained for HL-60 cells run in 


the same experiment. 


by chromosomal aberrations in this region.” Indeed, 
c-raf-specific RNA has been detected in human small cell 
lung carcinomas but not in normal bronchial epithelial 
cells.” An activated c-raf gene has also been demonstrated in 
a human gastric carcinoma™ and a glioblastoma. The 
mechanism of c-raf activation is probably related to a 
promotor insertion mechanism or expression of a truncated 
gene product.” 

The present results demonstrate that c-raf transcripts are 
detectable in hematopoietic cells from multiple lineages. The 
level of c-raf transcripts is independent of both hemato- 
poietic cell growth and differentiation. Furthermore, in 
contrast to c-myc and c-fms," regulation of c-raf expression is 
unaffected by inhibition of protein synthesis. The results also 
suggest that cell lines derived from myeloid and lymphoid 
tumors are not associated with inappropriately high levels of 
c-raf expression or a different sized transcript when com- 
pared with normal hematopoietic cells. Taken together, these 
findings might suggest that the c-raf gene product is involved 
in events other than either growth control or differentiation 
of normal and transformed hematopoietic cells. 

The role of the c-raf gene product is unknown. The 


predicted amino acid sequence of v-raf has revealed signifi- 
cant homology with the tyrosine kinase-encoding oncogene 
family that in part includes v-src, v-abl, v-fes, and v-fms.” In 
contrast to ¢-sre and c-abl, which are expressed in both 
hematopoietic and nonhematopoietic cells,"”’ c-fes and 
c-fms protooncogene expression has been specifically impli- 
cated in myelopoiesis.*’*”° Of interest, induction of HL-60 
cells along the granulocytic or monocytic lineages is asso- 
ciated with the activation of pp60™ kinase activity but not 
with an increase in c-sre RNA levels. Thus, although 
c-raf transcripts are detectable in hematopoietic cells and 
cell lines of different lineages, a quantitative difference at the 
product level or a qualitative difference in the c-raf protein 
may play a role in hematopoietic differentiation along spe- 
cific pathways. Alternatively, the c-raf gene product may act 
by phosphorylating proteins involved in mechanisms unre- 
lated to specific hematopoietic cell function. In this regard, 
further studies will be required to determine whether c-raf 
expression in choriocarcinoma cell lines is related to this 
transformed phenotype and whether the c-raf gene is specifi- 
cally expressed in certain other normal tissues of nonhemato- 
poietic origin. 
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Comparison of Three Remission Induction Regimens and Two Postinduction 
Strategies for the Treatment of Acute Nonlymphocytic Leukemia: 
A Cancer and Leukemia Group B Study 


By Harvey Preisler, Roger B. Davis, Jeffrey Kirshner, Eloise Dupre, Frederick Richards lil, H. Clark Hoagland, 
Samuel Kopel, Robert N. Levy, Robert Carey, Phillip Schulman, Arian J. Gottlieb, O. Ross Mcintyre, 
and the Cancer and Leukemia Group B 


Patients with acute nonlymphocytic leukemia were ran- 
domized to receive remission induction therapy consisting 
of seven days of cytosine arabinoside and three days of 
daunorubicin (“7 + 3°’) or to receive the same regimen 
intensified by either the addition of 6-thioguanine or by 
extension of the administration of cytosine arabinoside to 
ten days. Additionally, all patients were randomized to 
receive or not to receive cotrimoxazole antibacterial pro- 
phylaxis during the remission induction phase. Neither an 
increase in intensity of chemotherapy nor the antibacterial 
prophylaxis increased the remission rate above the 53% for 
patients treated with the standard "7 + 3” regimen. 


HE TREATMENT of acute nonlymphocytic leukemia 

(ANLL) consists of a remission induction phase 
designed to return hematopoiesis to normal and a postinduc- 
tion phase designed to prolong the remission. The first part of 
the study to be reported here was designed to determine 
whether an increase in the intensity of the standard seven 
days of cytosine arabinoside and three days of daunorubicin 
(DNR) (“7 + 3°) remission induction regimen used by the 
Cancer and Leukemia Group B (CALGB) since 1974!? 
and/or the administration of cotrimoxazole antibacterial 
prophylaxis** would result in an increase in the complete 
remission (CR) rate. The second phase of the study was 
designed to determine whether prolonged maintenance ther- 
apy of moderate intensity during the postinduction phase was 
necessary.® Accordingly, all patients received maintenance 
chemotherapy for 8 months, at which time half were ran- 
domized to discontinue all therapy and the other half to 
continue monthly courses of maintenance therapy for a total 
of 3 years. 

The data described in this paper demonstrate that neither 
an increase in the intensity of 7 + 3 therapy, as described 
here, nor the administration of cotrimoxazole results in an 
improvement in the CR rate and that maintenance chemo- 
therapy beyond 8 months is unnecessary. In addition, data 
are presented that reinforce an earlier hypothesis that leu- 
kemic relapse may occur as a result of at least two distinct 
biologic processes.” 


MATERIALS AND METHODS 
Study Design 
CALGB study 7921 was activated in November 1979 and was 
closed to accrual in November 1982. 
Eligibility 
Any patient with acute nonlymphocytic leukemia (ANLL) 


according to the criteria established by the French-American- 
British (FAB) working party was eligible for study.’ Patients with 


life-threatening infections were eligible only upon control of such, 


infections. Informed consent was required prior to entry into the 
study. 
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The second part of this study addressed the issue of the 
utility of long-term maintenance chemotherapy. To this 
end, patients were randomized to discontinue all treatment 
after 8 months of maintenance chemotherapy or to con- 
tinue maintenance therapy for a total of 3 years. Although 
there was a transient increase in the relapse rate for 
patients who discontinued therapy, the proportion of long- 
term remitters was identical in the two patient groups. 
Additionally, there is a suggestion of a survival advantage 
for patients randomized to discontinue all therapy at 8 
months. 
© 1987 by Grune & Stratton, inc. 


Patients were ineligible if they had inadequate renal function, 
Although the protocol specified maximum permissibie levels of 30 
mg/dL for BUN and 1.5 mg/dL for creatinine levels, a number of 
patients were entered who had levels slightly above these limits. 
Although technically ineligible, these patients were included in the 
study, with careful analyses being performed to determine whether 
they showed any differences in response or toxicity. Any patient 
whose BUN was >40 mg/dL or whose creatinine level was »2.0 
mg/dL was excluded from analysis. Patients with a history of 
neoplastic disease and associated cytotoxic therapy were not eligible 
for randomization (See Statistical Methods}, 


Treatments Under Study 


Remission induction therapy. Figure 1A provides the schema 
for the induction phase of the study. Patients were initially random- 
ized to induction therapy with the standard 7 + 3 regimen (cytosine 
arabinoside, 100 mg/m’/d by continuous infusion for seven days, 
and DNR, 45 mg/m’ on days 1, 2, and 3) or with induction therapy 
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whose intensity was increased either by extending the administration 
of cytosine arabinoside to ten days (“10 + 3”) or by the addition of 
6-thioguanine (6-TG; TAD) at 100 mg/m’ every 12 hours for seven 
days concurrent with cytosine arabinoside. These two modifications 
of the 7 + 3 regimen were based upon reports in the literature that 
the therapeutic efficacy of our standard regimen might be improved 
by extending cytosine arabinoside administration to ten days” or by 
the addition of 6-TG.'*' 

A second course of therapy was administered, as indicated in Fig 
1A, if the patient's leukemia failed to enter remission. The only 
exceptions were patients who achieved a partial remission and in 
whom the severity of toxicity during the first course of therapy was 
felt to preclude the administration of course 2. Half of the patients 
on each program were randomized to receive cotrimoxazole, two 
regular-strength tablets (80 mg trimethoprim and 400 mg sulfame- 
thoxazole), by mouth twice a day starting on the day before 
initiation of chemotherapy and continuing until remission occurred 
or until the patient was removed from the study as a treatment 
failure. 

The study was amended in November 1980 so that the DNR dose 
in all three regimens was reduced to 30 mg/m?/d for patients over 60 
years old. This modification was introduced as a consequence of the 


*£ach Cycle Consists of 4 Courses of Chemotherapy, 
Each Course is Given at 28 Day intervals 


\/ VER 2 MG/M? IV IMAX. 2 MG} 
CZ PRED 40 MG/M?/DAY 15 PO (MAX. 100 MG) 


Fig 1. Treatment schema. 
{A) Remission induction phase. 
(B) Maintenance phase. 


previous CALGB protocol in ANLL that suggested that this change 
would increase the CR rate and reduce the death rate for older 
patients.” 

Patients who entered CR or partial remission following the second 
course of induction therapy advanced to the maintenance phase. The 
remaining patients were considered to be treatment failures and 
were removed from the study. 

Dose reductions of 50% and/or dose interruptions were permitted 
for severe gastrointestinal toxicity, hepatic dysfunction, or renal 
dysfunction. A lumbar puncture was performed on the day prior to 
the initiation of chemotherapy and every 6 months for 5 years. If any 
leukemic cells were seen on a cytocentrifuge preparation, the patient 
received 50 mg of cytosine arabinoside intrathecally every four days 
until leukemic cells were no longer detectable in the CSF, and this 
was followed by the same dose of cytosine arabinoside every 4 weeks 
for 8 months. 

Maintenance therapy. As indicated in Fig 1B, maintenance 
therapy consisted of a series of monthly five-day courses of combina- 
tion chemotherapy. Each cycle was composed of four such courses. 
Sequential courses consisted of five days of administration of cyto- 
sine arabinoside together with 6-TG (course 1), prednisone/vincris- 
tine (courses 2 and 4), or DNR (course 3) administered on a rotating 
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schedule. When a cumulative dose of 500 mg/m’ of DNR was 
reached, the third course of each cycle was modified by replacement 
of DNR with 6-TG, 100 mg/m’ orally every 12 hours for ten times. 

Following two cycles of maintenance therapy (8 months), marrow 
aspiration and biopsy were performed. Patients who were still in CR 
at this time were randomized either to stop maintenance chemother- 
apy immediately or to continue maintenance for an additional seven 
cycles (for a total duration of maintenance therapy of 3 years) or 
until the time of relapse if that occurred before the seven cycles were 
completed. 

Bone marrow aspiration was repeated every 4 months until relapse 
for all patients regardless of their maintenance treatment assign- 
ment. 


Evaiuaticn of Response 


A CR was defined by the criteria previously reported by Rai et al.’ 
In brief, a bone marrow aspirate had to contain <5% abnormal cells, 
with a normal cellularity and normal granulopoiesis, thrombopoiesis, 
and erythropoiesis. Additional requirements included a peripheral 
blood count within normal limits and clearing of all signs and 
symptoms attributable to leukemia. 

Relapse was defined as a return of leukemic cells to the marrow in 
excess of 25%. 


Statistical Methods 


Patients who were clearly ineligible were excluded from this 
analysis. Patients who were registered but withdrawn prior to the 
initiation of protocol therapy and patients with no follow-up data 
after registration were also excluded. Patients with prior cancer were 
not eligible for randomization but were nonrandomly assigned to 
treatment with 7 + 3 without cotrimoxizole and have been excluded 
from this report. Seven hundred forty-nine patients were registered 
in the study. Their study status is shown in Table 1. Six hundred 
sixty-eight (95.8%) of the 697 patients with primary leukemia were 
eligible and evaluable. 

The primary end points of interest for the induction questions 
were response rates and duration of survival. Analysis of these end 
points were stratified by age (60 and under v over 60). Comparisons 
of the three induction regimens were also stratified by the random- 
ized assignment of cotrimoxazole, and the evaluations of this antimi- 
crobial agent were stratified by the induction regimen assigned. 

For the maintenance phase of the study, the primary end points 
were time to relapse and survival. Both end points were measured 
from the date of CR and from the time of maintenance randomiza- 
tion (ie, after two cycles of maintenance). These comparisons were 
stratified by the induction chemotherapy regimen assigned since the 
maintenance randomization was stratified in that way. 

All P values reported are two sided. Survival and response 
duration curves as well as any rates computed from these curves 
were calculated by using the life table method (product limit 


Table 1. Study Status of Patients in the Study 





With Without 
Cotrimoxazole Cotrimoxazole 





743 TAD 104+3 7+3 TAD 10+ 3 Total 





Patients entered 749 
Prior cancer 52 
Patients randomized 106 110 119 116 111 135 697 
Ineligible 1 2 2 5 2 5 17 
Cancelled 1 1 3 1 0 1 7 
No follow-up 2 o 0 1 o 2 5 
Cases analyzed 102 107 114 109 109 127 668 
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estimator) of Kaplan and Meier.’° Survival comparisons were made 
using the Mantel-Haenszel (log rank) test.’ The chi-square test for 
contingency tables was used for overall comparisons of response 
rates across strata.” 

A number of patients were deemed “not evaluable for response,” 
usually as a result of inadequate documentation of marrow status 
posttreatment. For purposes of estimating and comparing response 
rates, a conservative approach was used with respect to these 
patients. They were assumed to have been treatment failures, ie, they 
were included in the denominators of the rates, but not in the 
numerators. 

A number of patients entered bone marrow transplantation pro- 
grams prior to completion of this study. Patients who entered 
transplantation programs while in their initial remission were con- 
sidered censored at the date of entry into that program for calcu- 
lation of the remission duration but continued to be followed: for 
survival. 

Toxicity of the treatments under study was assessed by using 
previously reported CALGB toxicity criteria.’ Specific comparisons 
of infection rates between the cotrimoxazole-treated and the control 
groups were used to determine the efficacy of prophylactic adminis- 
tration of cotrimoxazole. 


RESULTS 


Remission Induction Therapy 
The Outcome of Remission Induction Therapy 


Fifty-six percent of the 668 eligible patients entered CR, 
4% achieved a partial remission, 24% expired during thera- 
py, 14% survived but did not enter remission, and 1% were 
inevaluable because of a lack of definitive marrow studies. 
The CR rates for 7 + 3, TAD, and 10 + 3 regimens were 
52.6%, 56.9%, and 57.3%, respectively (Table 2) (P = .6). 
Fewer patients treated with 10 + 3 required two courses of 
therapy to enter remission (15% of complete responders) 
than did patients treated with 7 + 3 (29%) or TAD (28%) 
(P = O11), but the median time to remission was not 
significantly different for the three regimens (10 + 3, 4.8 
weeks: 7 + 3, 4.4 weeks; TAD, 4.1 weeks). The toxicity of 
the three regimens was identical, with all patients experienc- 
ing life-threatening hematopoietic toxicity, and 7% to 11% of 
patients experiencing severe or life-threatening renal, he- 
patic, and/or cardiac toxicity. 

Three hundred twenty-three patients were randomized to 
receive cotrimoxazole, and 345 patients were randomized to 
receive no antimicrobial prophylaxis during remission induc- 
tion therapy. The CR rate was 56% whether or not the 
patient received cotrimoxazole. In addition, cotrimoxazole 


Table 2. Outcomes of Remission Induction Therapy 








"7 +3” TAD 043 
Number of patients 211 216 241 
CR 111 (53)* 123 (57) 138 (57) 
Partial remissiont 13 (6) 6 (3) 10 (4) 
No response alivet 38 (18) 31 (14) 26 (11) 
Expiredt 4§ (21) 55 (26) 63 (26) 
Not evaluable 4 (2) 


1 (0.5) 4 (2) 








*Number of patients (%). 

+Patients whose leukemia proved to be resistant to the chemotherapy 
administered. 

{Death during remission induction therapy. 
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had no effect on patient survival or on the toxicity associated 
with each of the chemotherapy treatment arms. 


Prognostic Factors for the Outcome of Remission 
Induction Therapy 


Table 3 lists the patient characteristics that were evalu- 
ated for possible relationship to the outcome of remission 
induction therapy. Only five of these 20 characteristics were 
significantly related to treatment outcome, and one was of 
borderline significance (Table 4). Age was by far the single 
most important factor, with only 41% of 104 patients >60 
years old entering remission as compared with 65% of 
patients <60 years old (P < .00001). The next most impor- 
tant factor was serum creatinine levels. Only 36% of patients 
with a creatinine level of 1.6 to 2.0 mg/dL entered remission 
as compared with 56% for patients whose creatinine level 
was <1.6 (P = .006). An SGOT level of =40 mU/mL was 
associated with a CR rate of 47% compared with 59% for 
patients whose SGOT level was <40 mU/mL. A WBC count 
at diagnosis of > 100,000/uL was associated with a CR rate 
of only 38% as compared with 58% for patients with a count 
below this value (P = .041). The presence of skin or gingival 
involvement was an unexpectedly good prognostic sign, being 
associated with a CR rate of 68% as compared with a CR 
rate of 54% for patients without such extramedullary 
involvement (P = .032). 

Forty-three percent of patients presented without fever or 
infection. These patients tended to have a higher CR rate 
than the 57% of patients who were febrile and/or had a 
documented infection at the time of diagnosis (60% v 52.6% 
CR rates respectively, P = .07). The presence of severe 
infection was also of prognostic significance, being asso- 
ciated with a CR rate of only 40% as compared with a CR 
rate of 57% for patients without severe infection (P = .057). 
The administration of cotrimoxazole had no effect on the 
outcome of treatment or on the survival of patients whether 
or not they were afebrile or febrile, infected or not infected at 
diagnosis. The incidence of severe or life-threatening infec- 
tion during induction therapy for patients who were afebrile 
at diagnosis was reduced from 73% to 59% by the adminis- 
tration of cotrimoxazole (P = .013), but as noted earlier, this 
had no effect on treatment outcome. Table 5 provides 
information regarding the types of infection experienced by 


Table 3. Patient Characteristics at Diagnosis Evaluated 
for Potential Prognostic Significance 


Age Infection 

Sex CNS involvement 

Race Skin or gingival involvement 
Hepatomegaly 

WBC count Splenomegaly 

Number of circulating leukemic cells Lymphadenopathy 

Hematocrit BUN 

Hemoglobin level Creatinine 

Platelet count SGOT 

Bleeding Bilirubin 

Temperature 
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Table 4. Factors of Prognestic Significance 








Remission 

induction Outcome Remission Duration Survival 
Age <.00001 .023 <.0001 
WBC count 041 NS 013 
Infection ,057 NS 008 
Skin or gingival 

involvement .032 NS NS 

Creatinine .006 NS 016 
SGOT .018 NS 0001 
Hemoglobin NS .001 2008 





Results are P values using univariate analysis. 
Abbreviation: NS, not significant. 


patients who received or did not receive cotrimoxazole. 
Bacterial infections were the predominant cause ef first 
infections. Fungal infections were frequent causes of second 
infections and were more common in the cotrimoxazole 
group (50%) than in the control group (29%). 


Miscellaneous Observations Regarding the Outcome of 
Remission Induction Therapy 


One year after the study was initiated, the protocol was 
modified so that patients >60 years of age would receive 30 
mg/m?/d of DNR rather than 45 mg/m?/d. One hundred 
eleven patients in this age group received the higher DNR 
dosage, whereas 139 patients received the lower dosage. 
Although the CR rates were not significantly different (39% 
v 43% respectively), fewer patients treated at the lower 
dosage died during therapy (31% v 45% respectively, 
P = 028). 


Table 5. Types of Induction Infections 





With Cotrimoxazole Without Cotrimoxazole 





in = 323) in = 345) 
Severe* Life-Threatening Severe Life-Threatening 
infection infectiont Infection infection 
First induction 
infectiont 
Bacterial 14 20 14 40 
Fungal 6 11 5 9 
Viral 3 0 1 1 
Multiple 2 3 1 5 
FUO 37 5 49 6 
Type not reported 54 25 66 13 
Second induction 
infection 
Bacterial 3 20 4 28 
Fungal 9 14 6 7 
Viral 0 0 1 0 
Multiple 0 3 o 3 
FUO 4 0 7 1 
Type not reported 13 5 23 12 





Abbreviation: FUO, fever of undetermined origin. 

*Local or visceral infection with systemic signs and/or a fever of 
38°C. 

Fulminant local or visceral infection with sepsis, shock, or other 
system failure. 

tType of infection documented by culture or by biopsy. 
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Remission Duration 


Figure 2A provides the remission duration curve for all 
patients who entered CR. The median was 52.4 weeks; 22% 
of patients were projected to be in remission at 3 years. There 
was no statistically significant difference in remission dura- 
tion between patients treated on the three induction arms. 
The overall remission duration was related to the number of 
courses necessary to induce a CR. Patients who required a 
single course of therapy had longer remissions than those 
who required two courses (median remission durations of 
55.9 v 45.4 weeks respectively, P = .02). Patients who 
entered partial remission status relapsed at a median of 20.7 
weeks, with no patient remaining in this status beyond 100 
weeks. 

One hundred forty-eight patients relapsed or died before 
reaching the point of second randomization to stop or to 
continue maintenance therapy. Of the remaining patients, 
151 were randomized, and 73 were not. There were no 
statistically significant differences in remission duration 
between patients who were or were not randomized. The 
median duration of remission for all patients after randomi- 
zation was 67 weeks, with 38% of patients projected still to be 
in remission 3 years later (Fig 2b). This figure also provides 
the remission duration curve for patients randomized to 
continue or to stop therapy. The curves diverged 3 months 
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after randomization but converged and became persistently 
superimposable 75 weeks after randomization. The median 
time to relapse after randomization for patients in whom 
therapy was discontinued was 45 weeks compared with 71 
weeks in patients who continued therapy (P = .62). The type 
of remission induction therapy had no statistically significant 
effect on the time to relapse for patients randomized to stop 
or to continue maintenance chemotherapy. 


Toxicity Associated With Maintenance Chemotherapy 


Toxicity data were available for 329 patients for the first 
cycle of maintenance therapy and for 220 patients on the 
second cycle. Seventy-five percent of patients experienced 
severe or worse hematologic toxicity at some time during 
cycle 1 with a reduction of the blood counts to life- 
threatening levels (WBC count reduced to <1,000/uL., gran- 
ulocyte count to <S00/uL, and/or platelet count 
to <25,000/uL) occurring in 51% of patients. Sixty-six 
percent of patients who received cycle 2 of therapy had 
severe hematologic toxicity, with 31% having life-threaten- 
ing reductions in blood counts to the levels just described. 

Death in remission occurred only during cycles | and 2 
and was clearly age related, with a 3% death rate in 
remission for patients <40 years old, 9% for patients 41 to 60 
years old, and 14% for patients >60 years old (P = .03). 
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Clinical Prognostic Factors for Remission Duration 


Of the various factors evaluated, only age at diagnosis and 
initial hemoglobin level were statistically significantly prog- 
nostic factors for remission duration (Table 4). Figure 2C 
demonstrates that patients between 41 and 60 years of age 
had the longest remission durations (median, 68.3 weeks). 
Older and younger individuals had significantly shorter 
remissions (medians of 49.9 and 42.7 months respectively, 
P = 026). Patients with a hemoglobin value of 8 to 12 g/dL 
had a median remission duration of 57.6 weeks; those with 
hemoglobin values <8 had a median of 51 weeks, and those 
with hemoglobin values of 12 to 18 had a median of 36 weeks 
(P = .002). 


Survival 


Figure 3A presents the survival curve for the 668 evalu- 
able patients. The median duration of survival is 41.2 weeks; 
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18% of patients are alive at 3 years. The survival curve has 
three components, each with a characteristic slope. The first 
component, which has the steepest slope, represents death 
during remission induction therapy. The second component 
represents death subsequent to relapse during the first 2 
years of remission, and the third component represents late 
relapses and death. As noted earlier, the only deaths seen in 
remission occurred during the first two cycles of mainte- 
nance therapy and were age related. 

Table 4 lists the factors that were prognostically important 
for survival. From the data provided it can be seen that the 
majority of factors were important because of their relation- 
ship to the outcome of remission induction therapy. Figure 
3B illustrates this effect. Note that as the severity of infec- 
tion increases, the fall in the first part of the survival curve 
becomes greater, thus indicating increasing mortality during 
remission induction therapy. Once the period of induction 

















1.0 
A» 
8 
> 
Zo 
a & 
© 5 
aS 4 
2 3 
a 2 
af 
[+] à = bon- — e 
fs) 52 104 i156 208 260 D SURVIVAL FROM 
WEEKS MAINTENANCE RANDOMIZATION 
ALIVE DEAD TOTAL MEDIAN 
ALL PTS i? 55i 668 42 i 
9 
B'e 8 
> 
9 ae 
> ER z2 6 
Ee a 5 
2 ef a 4 
27 & 3 
a 4 es 
2 i 
č 3 a 
a 2 o 4. oan 2 a ETEEN 3 
4 o 52 104 156 208 260 
o 
o 52 i04 156 208 260 WEEKS 
WEEKS ALIVE DEAD TOTAL MEDIAN 
j 0.7 
SEVERITY ALIVE DEAD TOTAL MEDIAN ere, TEU Te ASh- aia 
NONE 82 348 430 45.4 
seen MILD 13 80 93 333 SURVIVAL BY 
— MODERATE 18 86 104 36.5 
gece EERE E E See MAINTENANCE ASSIGNMENT 











Fig 3. Survival. (A) Survival 

C £9 1.0 curve for all patients entered into 

3 9 this study. (B) Relationship be- 

5 8 8 tween severity of infection and 

- a ?7 survival: mild infection, mild cu- 

a $ 5 6 taneous or upper respiratory 

m <6 Q 5 infection without fever; moder- 

S 8 Q 4 Hyj- ate infection, evidence of infec- 

č 3 č 3 tion with temperature >38°C; 
a 2 oa 3 : p 

2 severe infection, local or visceral 

$ s ' infection with systemic signs 

fe} 52 104 186 208 260 5 32 104 56 208 260 and/or temperature >» 3e°c. (C) 

WEEKS WEEKS Relationship between age and 

survival. (D) Survival after ran- 

Leio, ve UNDER Bre jae i : aren MAINTENANCE ALIVE DEAD TOTAL MEDIAN OMization—all patients——and 

asan 41-60 56 1854 62.5 STOP 44 33 77 unpeF  ({E) survival after randomization 

———61+ 25 228 253 15.7 re CONTINUE 32 42 74 95.7 by treatment arm. 


TREATMENT OF ANLL 


death is passed, all the curves are parallel, which indicates 
that infection at diagnosis has no effect on events subsequent 
to the patient entering remission. The hemoglobin level, on 
the other hand, is prognostically important because of its 
relationship to remission duration. In this case, the survival 
curves for patients with different hemoglobin levels at diag- 
nosis are virtually identical for the first phase of the curve 
but diverge thereafter (data not shown). The survival curves 
for patients treated with the three different remission induc- 
tion regimens were virtually identical. 

In contrast, age was of prognostic importance with respect 
to both the outcome of remission induction therapy and 
remission duration. Figure 3C demonstrates that patients 
<40 years old are more likely to survive remission induction 
therapy than are older patients, whereas patients over 60 
years of age are not only more likely to die early in therapy 
but also have a higher death rate during the first year of 
remission. When these data are considered together with the 
data presented in Fig 2C, it is apparent that older patients 
are at a cisadvantage because of a higher relapse rate and a 
higher death rate both during remission induction therapy 
and subsequent to relapse. Although younger patients also 
have a higher relapse rate than patients 40 to 60 years old, it 
is likely that their greater ability to survive after relapse 
offsets any survival advantage that the patients 40 to 60 
years of age might have had from their longer remission 
durations. 

Figure 3D gives the survival curve of the 151 patients 
randomized to stop or to continue maintenance therapy after 
the first 32 weeks of maintenance. The median survival time 
is 150.7 weeks, with 48% of patients projected to be alive at 3 
years after randomization. Figure 3D also provides the 
survival eurves for patients randomized to stop or to continue 
therapy. There appears to be a trend for greater survival for 
those who stopped therapy, but the current P value is .11. 


DISCUSSION 


The examination of remission induction therapy in this 
study demonstrated that all three regimens produced the 
same CR rate. The administration of cotrimoxazole, 
although reducing the incidence of severe infection, did not 
improve either the remission induction or survival rates. 
Evaluation of the types of treatment failure'*”° demonstrates 
that almost two thirds of the treatment failures were asso- 
ciated with death during therapy and one third were charac- 
terized by persistent leukemia in patients who survived 
therapy. Given that the former patients might have benefited 
from a less intensive and therefore less toxic induction 
regimen and the latter patients might have benefited from 
more intensive therapy, it is clear that no single alteration in 
the induction regimens studied here is likely to produce a 
dramatic increase in the CR rate. Rather, selectivity in 
treatment with the design of regimens tailored to the needs of 
the individual patients may be the most likely approach to 
improve the overall CR rate. 

The study reported here failed to demonstrate any thera- 
peutic benefit from the addition of 6-TG to the “7 + 3” 
cytosine arabinoside/DNR combination. Although others 
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have reported very high remission rates with TAD regi- 
mens,'™™ the doses and schedules used for the cytosine 
arabinoside and DNR differ from that used. Any differences 
that might exist in therapeutic efficacy between these TAD 
regimens and “7 + 3” therapy would appear to be most likely 
due to differences in the cytosine arabinoside and DNR 
dose/schedules rather than to the addition of 6-TG. The 
observations reported here with respect to cotrimoxazole 
confirm previous observations that the administration of the 
antimicrobial agent to severely granulocytopenic patients 
reduces the incidence of severe infections®’ and appears to be 
associated with an increase in fungal infections.”’*? Perhaps 
the latter reason together with the fact that cotrimoxazole 
treatment reduced bacterial infections only to a modest 
extent accounts for the failure of cotrimoxazole administra- 
tion to improve the CR rate. 

The median duration of remission for the patients treated 
here was 52.4 weeks, with 22% of patients projected to be in 
remission at 3 years. In contrast, data presented elsewhere 
suggest that patients who receive similar remission induction 
therapy and who do not receive any therapy after having 
entered remission have median duration of remissions in the 
range of 7 months.” The remission duration curves for 
those patients randomized to stop or to continue maintenance 
therapy began to diverge approximately 3 months after 
randomization due to an increase in the relapse rate of those 
patients in whom therapy was discontinued. The relapse 
curves then began to converge 6 months after randomization 
as a result of a significant fall in the relapse rate of those 
patients whose therapy had been discontinued. The curves 
became superimposable at | '4 years after randomization and 
remained so thereafter. Both relapse curves have a point of 
inflection indicative of a change from a high rate of relapse to 
a lower relapse rate. This change in relapse rate occurred 
earlier in patients in whom maintenance therapy was discon- 
tinued. Once the lower relapse rate phase began, the con- 
tinued administration of chemotherapy had no effect on the 
rate of relapse. Hence, the data reported here demonstrate 
that the administration of conventional maintenance chemo- 
therapy for 3 years retards leukemic relapse during the first 2 
years of administration but has no effect on the rate of 
relapse thereafter or on the proportion of patients in long- 
term remission over and above that produced by 8 months of 
therapy. Patients in whom therapy was discontinued at 8 
months appear to have survived longer than patients who 
receive 3 years of therapy, perhaps because of a survival 
advantage after relapse. 

The relatively modest therapeutic efficacy of maintenance 
chemotherapy has resulted in the introduction of intensive 
consolidation chemotherapy.‘ In one Roswell Park Memorial 
Institute study, three courses of intensive consolidation 
chemotherapy were administered followed by 3 years of 
maintenance therapy. The median duration of remission was 
17 months, with over 30% of patients remaining in remission 
beyond 5 years. A successor study, which provided for three 
or four courses of intensive consolidation therapy and no 
maintenance therapy, has produced similar results.?*”* Simi- 
lar results for intensive consolidation therapy have been 
reported by other investigators, but the follow-up times have 
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been shorter.””” At the present time CALGB is engaged ina 
prospective randomized comparison of the efficacy of inten- 
sive consolidation chemotherapy. One problem with the 
intensive consolidation therapies has been that they are 
associated with significant morbidity, with mortality rates 
ranging from 5% to 20%." Hence, the net beneficial effects 
of intensive therapy in remission is less than one might expect 
on the basis of reduced relapse rates. Given recent observa- 
tions regarding the prognostic significance of the cytogenetic 
characteristics of the leukemic cells,” cell surface markers,” 
and the potential significance of both molecular biologic” 
and cell cycle characteristics of leukemic cells,** perhaps 
pretherapy assessments of these leukemic cell characteristics 
could be used to identify patients who will have a long 
remission when treated with maintenance therapy. This 
would allow these patients to avoid the risks of intensive 
consolidation therapy. 

Age was the most important prognostic factor, with 
advanced age being associated with a low remission rate. 
Age >60 or <40 was associated with shorter remissions. The 
latter observation is curious since a recent review of 760 
patients treated with very similar maintenance therapies 
failed to demonstrate an effect of age on remission duration.’ 
An elevated serum creatinine or SGOT level, the presence of 
infection, and a WBC count greater than 100,000/yL at the 
time of initiation of treatment were all associated with death 
during remission induction therapy. Of interest is the unex- 
plained observation that a hemoglobin level between 8 and 12 
g/dL was a good prognostic sign with respect to remission 
duration. Since there was no provision for a central review of 
slides, no comment can be made regarding the possible 
relationship between FAB type and response. 

The observations reported here also have implications 
regarding the interpretation of other studies. Therapies such 
as allogeneic bone marrow transplantation in remission” 
may also have their primary effects on the first part of the 
relapse curve and may be associated with a similar low but 
significant late relapse rate. Should this prove to be the case, 
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then the hypothesis that at least some late relapses are in fact 
“new leukemias” may gain support. Finally, the somewhat 
unexpectedly long subsequent remission durations and sur- 
vivals of patients who were selected by having remained in 
remission at 8 months (Figs 2B, 3D) demonstrate the neces- 
sity of a control arm in interpreting the efficacy of thera- 
peutic interventions performed several months to years after 
remission has been attained, be these interventions bone 
marrow transplantation’? or “late intensification” chemo- 
therapy.” 


APPENDIX 


Participating institutions of the Cancer and Leukemic Group B 
Study: Bowman-Gray School of Medicine, Winston-Salem, NC, 
Robert Cooper (CA-03927); Mayo Clinic, Rochester, MN, Robert 
Kyle (CA-04646); Maimonides Medical Center, New York, Sameer 
Rafla (CA-25119); Long Island Jewish Medical Center, New Hyde 
Park, NY, Kanti Rai (CA-11028); Massachusetts General Hespital, 
Boston, Robert Carey (CA-12449); Cornell Medical Center, New 
York, Richard R. Silver (CA-07968); Upstate Medical Center at 
Syracuse, NY, Arlan Gottlieb (CA-21060); McGill Cancer Center, 
Montreal, J.L. Hutchinson (CA-31809); Columbia University, New 
York, Rose Ruth Ellison (CA-12011); University of California at 
San Diego, Mark Green (CA-11789); University of Missouri, 
Columbia, Michael Perry (CA-12046): Finsen Institute, Copenha- 
gen, Nis I Nissen; Rhode Island Hospital, Providence, Louis Leone 
(CA-08025); University of Maryland Cancer Center, Baltimore, 
Joseph Aisner (CA-31983); West Virginia University Medical Cen- 
ter, Morgantown, Peter Raich (CA-28562); Wilmington Medical 
Center, DE, Irving Berkowitz (CA-37041); Mount Sinai School of 
Medicine, New York, James F. Holland (CA-04457}: Walter Reed 
Army Medical Center, Washington, DC, Raymond Weiss (CA- 
26806); Dartmouth-Hitchcock Medical Center, Hanover, NH, Gib- 
bons Cornwell (CA-04326); Ochsner Clinic, New Orleans, Carl G. 
Kardinal; Virginia Mason Medical Center, Seattle, Albert B. Ein- 
stein Jr; Roswell Park Memorial Institute, Buffalo; Edward S. 
Henderson (CA-02599) Georgetown University Hospital, Washing- 
ton, Lucias Sinks (CA-21083): and Thomas Jefferson Medical 
Center, Philadelphia, Farid Haurani (CA-05462) 
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Neutrophil-Mediated Protection of Cultured Human Vascular Endothelial Cells 
From Damage by Growing Candida albicans Hyphae 


By John E. Edwards, Jr, Daniel Rotrosen, James W. Fontaine, Christian C. Haudenschild, and Richard D. Diamond 


Interactions were studied between human neutrophils and 
cultured human umbilical vein endothelial cells invaded by 
Candida albicans. in the absence of neutrophils, pro- 
gressive Candida germination and hyphal growth exten- 
sively damaged endothelial cell monolayers over a period of 
4 to 6 hours, as determined both by morphological changes 
and release of “Cr from radiolabeled endothelial cells. 
Monolayers were completely destroyed and replaced by 
hyphae after 18 hours of incubation. In contrast, when 
added 2 hours after the monolayers had been infected with 
Candida, neutrophils selectively migrated toward and 
attached to hyphae at points of hyphal penetration into 
individual endothelial cells (observed by time-lapse video- 
microscopy). Attached neutrophils spread over hyphal 
surfaces both within and beneath the endothelial celis; 
neutrophil recruitment to initial sites of teukocyte—Candi- 
da~endothelial cell interactions continued throughout the 
first 60 minutes of observation. Neutrophil spreading and 
stasis were observed only along Candida hyphae and at 


| D aa n candidiasis is an increasingly impor- 
tant systemic opportunistic infection that is usually 
associated with widespread hematogenous seeding of multi- 
ple organs. It occurs most often in conjunction with neutrope- 
nia or neutrophil dysfunction.’ Candida albicans, the species 
most commonly associated with dissemination, forms bud- 
ding yeasts or blastospores that enlarge into pseudohyphae or 
germinate to form hyphae during the process of tissue 
invasion, Blastospores can be ingested or killed by circulating 
phagocytic cells,™* and both neutrophils or monocytes can 
kill cither pseudohyphae or hyphae, even though the latter 
forms are sufficiently large to preclude complete engulf- 
ment.°* 
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sites of Candida—endothelial celi interactions. These 
events resulted in 58.0% killing of Candida at 2 hours and 
subsequent clearance of Candida from endothelial cell 
monolayers, as determined by microcolony counts and 
morphological observation. On introduction of additional 
neutrophils to yield higher ratios of neutrophils to endothe- 
lial cells (10 neutrophils:1 endothelial cell), neutrophil 
migration toward hyphal elements continued. Despite 
retraction or displacement of occasional endothelial cells 
by invading Candida and neutrophils, most endothelial cells 
remained intact, viable, and motile as verified both by 
morphological observations and measurement of Cr 
release from radiolabeled monolayers. From these studies, 
we conclude that neutrophiis are capable of killing Candida 
hyphae selectively within human vascular endothelial cel! 
monolayers and may have protective rather than detri- 
mental effects on endothelial cell integrity. 

® 1987 by Grune & Stratton, inc. 


Our previous studies have shown that Candida blasto- 
spores and hyphae can adhere to, be internalized by, and 
germinate within vascular endothelial cells. Because endo- 
thelial cells have no apparent fungicidal activity, the organ- 
isms can transgress through them to damage surrounding 
tissues.”'! This endothelial cell uptake is even more likely to 
occur if neutrophils are either absent or dysfunctional and 
fail to clear blood-borne Candida, or if a large inoculum of 
organisms enters the circulation. Klotz and colleagues! 
suggested that such uptake and growth of Candida leads to 
lytic endothelial cell damage and thereby may contribute to 
the pathogenesis of disseminated candidiasis. Vascular inva- 
sion and subsequent infarction is a hallmark of the histopa- 
thology of opportunistic mycoses." 

Because Candida can be internalized by endothelial cells 
and germinate within them, it is ikely advantageous for the 
host to clear developing intraluminal hyphae prior to inter- 
nalization or endothelial cell invasion with subsequent 
thrombotic infarction of tissues. Neutrophils are the most 
likely candidates to mediate such intraluminal hyphal clear- 
ance.'* Of considerable importance is the demonstration that 
neutrophils exposed to a variety of soluble activators can 
adhere to, damage, and lyse vascular endothelial cells.'*2° 
These studies have suggested a putative role for neutrophils 
in the pathogenesis of atherosclerosis, pulmonary vascular 
injury, or vasculitis. 

The present studies address the effects of neutrophils on 
endothelium under conditions in which the neutrophil is 
activated by, and targeted against, an angioinvasive organ- 
ism intimately associated with neighboring endothelial cells, 
and known to stimulate neutrophil degranulation and release 
of toxic oxygen species. These studies demonstrate that 
neutrophils selectively kill Candida hyphae within human 
vascular endothelial cell monolayers, and, in the process, 
may have protective rather than detrimental effects on 
endothelial cell integrity. 
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MATERIALS AND METHODS 


Organisms. C albicans (ATCC strain no. 36082), a clinical 
isolate, was grown in yeast nitrogen base (YNB) broth (Difco 
Laboratories, Detroit) supplemented with 1% dextrose (J.T. Baker 
Chemical, Phillipsburg, NJ) and 0.15% L-asparagine (Sigma Chem- 
ical, St Louis). Organisms were inoculated from modified Sabou- 
raud’s agar slants (containing chloramphenicol) into the YNB broth 
for overnight culture on a rotating drum at room temperature. 
Candida blastospores were washed three times, gently sonicated to 
produce singlets (3 seconds, setting no. 4; Sonicator model 350; 
Branson Sonic Power, Danbury, CT), standardized in medium 199 
(M199) to 5 x 10° blastospores/mL, and added to endothelial cell 
monolayers at a final concentration of 5 x 10° blastospores/cm? 
(4.5 x 10°/dish based on 9.0 cm’ area for cell culture). 

Endothelial cell culture. Human umbilical vein endothelial 
cells were obtained by the method of Jaffe and colleagues,” grown 
to confluence on 35-mm tissue culture dishes coated with extracellu- 
lar matrix, and maintained in M199 supplemented with 2 mmol/L 
of L-glutamine, 20% fetal calf serum (FCS) (media and supplements 
from GIBCO, Grand Island, NY), and 250 ng/mL of fibroblast 
growth factor (provided by D. Gospodarowicz, University of Califor- 
nia, San Francisco) as previously described.” Endothelial cells 
were enumerated by counting following trypsinization of confluent 
monolayers. Dishes contained 2.1 x 10° (+0.3 SD) endothelial 
cells. 

Leukocyte preparation. (Leukocytes were separated from hepa- 
rinized human blood by dextran sedimentation followed by NH,Cl 
lysis of contaminating erythrocytes.” Leukocytes were washed. 
resuspended in M199 with 10% autologous serum, and standardized 
to I x 10’ viable neutrophils per milliliter (as determined by 
trypan-blue exclusion and Wright's staining). Preparations were 
composed of 64% to 78% neutrophils, 2% to 8% monocytes, 1% to 3% 
eosinophils, and 20% to 31% lymphocytes. 

Incubation of leukocytes with infected monolayers. At timed 
intervals, leukocytes were added to Candida-inoculated endothelial 
monolayers at ratios of neutrophils to blastospores ranging from 1:1 
to 50:1, mixed gently, and allowed to settle onto the endothelial cell 
monolayer. 

“Cr Labeling and Candida inoculation of endothelial cell mono- 
layers. Confluent endothelial cell monolayers were washed twice 
with 2 mL of M199, covered with 1 mL of M199 supplemented with 
25 mmol/L of Hepes (pH 7.4), and 30 pCi of "Cr (added as 
Na,CrO,). Monolayers were incubated for 2 hours at 37°C in a 5% 
CO, atmosphere; the radiolabeled cells were washed extensively with 
M199 to remove unincorporated isotope. Following incubations (in 
triplicate) with or without addition of Candida or leukocytes, the 
endothelial cell cultures were washed three times, and the washes 
were pooled for y counting. Total incorporated “Cr was determined 
by lysis of monolayers with | mL of 1 N NaOH. In preliminary 
experiments, neither endothelial cells, leukocytes, nor Candida 
reincorporated *'Cr in lysates of radiolabeled endothelial cells. Data 
are expressed as percentage of specific *'Cr release according to the 
formula: Percentage of specific release equals stimulated release 
minus spontaneous release/divided by total incorporated minus 
spontaneous release times 100. 

Time-lapse videomicroscopy. Cultures were observed with an 
Olympus (New Hyde Park, NY) IMT-2 inverted-phase contrast 
microscope in a 37°C thermostatted enclosure (fabricated with the 
assistance of Donald Bottaro). Continuous recordings were made at 
42 to Ye real time on Maxell (Secaucus, NJ) Professional-Industrial 
Epitaxial HGX-Pro-T120 videotapes using a Panasonic CCTV 
camera (model WV 1460) interfaced to a Panasonic time-lapse video 
cassette recorder (model AG 6010), and viewed on a model TR 930 
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Panasonic video monitor (Matsushita Communications Industrial, 
Tokyo). At selected times, photographs were taken on an Olympus 
OM-G camera positioned at an independent microscope port. 

Electron microscopy. Cells were fixed in situ by the addition of 
phosphate-buffered glutaraldehyde /formaldehyde (final concentra- 
tions 1% and 4%, respectively), as previously described.” For trans- 
mission microscopy, cells were sequentially stained with 1% aqueous 
osmium tetroxide for 60 minutes and 0.1% aqueous uranyl acetate 
for 30 minutes and dehydrated in graded ethanols containing 0.1% 
toluidine blue. One micrometer-thick sections were cut en-face or 
perpendicular to the plane of the endothelial monolayer. Ultrathin 
sections were cut with diamond knives, stained with lead citrate and 
uranyl acetate, and examined with a Philips EM300 at 80 kY 
(Philips Electronic Instruments, Mahwah, NJ). 

Determination of fungal viability. As in our previous studies, 
both microculture and vital staining methods were used to determine 
fungal viability following the interaction of fungi with leuko- 
cytes.” 

For the microculture method, endothelial cell monolayers were 
grown in multiwell plastic tissue culture dishes (Corning Lab-ware, 
Corning, NY) and inoculated with Candida as described above. To 
control those wells in which leukocytes were incubated with endothe- 
lium and Candida, at the conclusion of incubations corresponding 
numbers of leukocytes were added to the Jeukocyte-free wells {this 
step was performed to account for any effects that products released 
from leukocytes might have on the organisms during the process of 
quantitative culturing). Then the monolayers in both the wells that 
contained leukocytes during incubation and those that did sot 
contain leukocytes during the incubation (but had them added at the 
end of the incubation) were immediately washed to remove the 
nonadherent Candida and leukocytes. All the wash fluid superna- 
tants were collected in corresponding glass test tubes for quantitative 
cultures. After leukocyte lysis (described below), the Candida 
remaining in these test tubes were centrifuged and the supernatant 
was discarded. The organisms were then washed in distilled water. 
resuspended, and aliquots were removed for quantitative pour- 
plating in Sabouraud’s agar. 

For lysis of the leukocytes remaining adherent to the monolayers 
and those in the corresponding supernatant washes, 0.25% sodium 
deoxycholate was used. The deoxycholate treatment lysed neutro- 
phils completely, but incomplete lysis of the endothelial cells 
resulted. Therefore, hyphae remained adherent to bottoms of the 
plastic chambers on the surface of the endothelial cell remnants. To 
quantify those hyphae remaining, 100 uL of Sabouraud’s agar were 
overlaid over the chamber bottoms and incubated at 37°C for 4 to 6 
hours. The chamber bottoms were then examined by inverted-phase 
microscopy for determination of both the remaining number and the 
viability of the organisms remaining. 

For the vital staining technique, the yellow tetrazolium dye 
3-[4,5-dimethylthiazol --2yl]-2,5-diphenyltetrazolium bromide 
(MTT, Sigma) was used. It served as both a qualitative marker of 
fungal and endothelial cell viability (by direct visualization) and a 
method for quantitation of fungal cell viability by extraction of 
precipitated intracellular MTT-formazan, as previously de- 
scribed.”4?° 

For quantifying fungal cell viability, endothelial cell monolayers 
were grown in Lab-tek tissue culture chambers (Miles Scientific, 
Naperville, IL), inoculated with Candida and leukocytes, incubated 
briefly, and washed with phosphate- buffered saline (PBS) to remove 
nonadherent cells. The dishes then were incubated for 3 hours in 0.5 
mg/mL of MTT in Dulbecco’s PBS. At the end of the incubation, 
they were washed twice with buffer saline. Stained fungi, leukocytes, 
and endothelial cells contained clearly visible, I- to 2-um purple 
crystals of MTT-formazan. To quantify fungal viability, leukocytes 
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and endothelial cells were lysed in deoxycholate, the released 
MTT-formazan was removed by washing with distilled water, and 
the wash supernatants, containing some suspended Candida, were 
pooled in centrifuge tubes to separate the Candida. The MTT- 
formazan was extracted from hyphae in the centrifuged pellets and 
from those remaining adherent on slides, by incubation for 5 minutes 
in 0.4 mL of acidified isopropyl! alcohol (0.04 mol/L of HCI in 
isopropanol). Controls using our standard procedure” verified that 
deoxycholate lysis caused no release of MTT-formazan from the 
Candida. From each culture well and cell pellet, 300 uL of extract 
containing the MTT-formazan was then removed and placed in a 
flat-bottomed microwell of a multiwell plate. Absorption at 570 nm 
of each well was determined using an Artek manual enzyme-linked 
immunoassay (ELISA) reader (Dynatech, Alexandria, VA) 
equipped with a 570-nm filter, and calibrated to 0 absorbance on 
wells containing extracts from chambers that initially contained only 
medium and MTT. Total viable organisms remaining in experimen- 
tal wells could then be determined by calculating the sum of values 
obtained from extracts of adherent cells and cell pellets obtained 
from the centrifugation of the wash supernatants, 

Using these methods, the percentage of the Candida inoculum 
that adhered to the endothelium could be determined as could the 
percentage of those Candida that adhered to the endothelium and 
were subsequently killed by the leukocytes. The low starting inoculae 
permitted direct plating of samples from the pooled wash superna- 
tants, resulted in minimal! clumping and, in leukocyte-free controls, 
resulted in recovery of >90% of the original blastospore inoculum as 
colony-forming units (CFUs). The total number of CFUs (viable 
organisms) remaining under various experimental conditions could 


EDWARDS ET AL 


thus be determined from the sum of viable counts in the wells added 
to the quantitative counts of the wash supernatants. 


RESULTS 


As in our previous experiments,’ Candida blastospores 
adhered to, were ingested by, and subsequently germinated 
within monolayers of human umbilical vein endothelial cells. 
Endothelial cell monolayers remained intact within this 
initial 2-hour period. Those endothelial cells in contact with 
germinating Candida remained viable. as determined by 
maintenance of cell motility documented during continuous 
time-lapse video taping. 

Time-lapse videotaping was then used to visualize sequen- 
tial events following addition of neutrophils after 2 hours of 
Candida germination. As shown in Fig. 1A, neutrophils first 
settled and then migrated toward hyphal tips protruding 
from endothelial cells in the monolayer, After attaching at 
the junction between protruding hyphae and endothelial 
cells, the neutrophils penetrated through the monolayer 
along the hyphae (Fig 1C). Transverse sections (not shown) 
indicated that neutrophils often extended through, and even 
under, the endothelial cell layer along the course of the 
hyphae. After attachment of the initial neutrophils at 
hyphal-endothelial cel junctions, additional neutrophils 
migrated selectively to these original neutrophil attachment 
sites (Fig 1A and Bi. No neutrophil attachment was 





Fig 1. 


Videomicroscopy of interactions of neutrophils (polymorphonuclear leukocytes, PMNs) and Candida albicans hyphae emerging 


from endothelial cell (£) monolayers (original magnification x 1,700; current magnification x 663). (A) Neutrophil (PMN1) has attached to 
the end of a Candida hyphus that was above the plane of the monolayer. A second neutrophil (PMN2) is migrating toward the PMN1 -hyphal 
interaction (17 minutes). (B) PMN2 has joined PMN1 and is beginning to spread along the length of the hyphus (20.5 minutes}. (C) 
Progressive spreading of neutrophils to cover the entire hyphal surface within monolayer (32 minutes). (D) Introduction of additional 
neutrophils leads to their migration and accumulation (arrows) at sites of initial interactions between neutrophils and hyphae (64 


minutes). 
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observed at sites other than those of hyphal protrusion 
through the monolayer. 

During the next 30 minutes, neutrophils spread over the 
hyphae within the monolayer to cover hyphal surfaces (Fig 
1C). Those endothelial cells in immediate proximity to the 
Candida-adherent neutrophils were morphologically normal 
and retained their motility. After the first hour of Candida- 
neutrophil interaction, additional neutrophils (20 per 
hyphae) were added, approximating ratios of neutrophils to 
endothelial cells that resulted in endothelial cell damage in 
prior studies.'*'*'’?° The vessels were shaken to facilitate 
even distribution of these added neutrophils. The neutrophils 
sedimented onto the monolayer and selectively migrated to 
join the original neutrophils that already surrounded the 
hyphae (Fig 1D). The remainder of the endothelial cell 
monolayer, those cells not in contact with the hyphae and 
attached neutrophils, appeared normal. 

The local effects of neutrophils on endothelial cells in 
proximity to Candida hyphae were determined by transmis- 
sion electron microscopy from fixed smears obtained at timed 
intervals during time-lapse videotaping experiments. In the 
process of migrating along hyphae into the monolayer, some 
neutrophils displaced endothelial cells by penetration under 
the monolayer (not shown). When high ratios of neutrophils to 
hyphae (50:1) were added, examination by phase-contrast 
microscopy revealed disruption of some areas of the endothe- 
lial cell monolayer immediately adjacent to the large clusters 
of neutrophils that surrounded the hyphae (Fig 2). 

Overall, addition of neutrophils decreased monolayer 
damage and endothelial cell cytolysis caused by Candida, as 
determined by release of *'Cr from radiolabeled endothelium 
measured at timed intervals in three separate experiments. 
In the absence of neutrophils, progressively germinating 
Candida significantly damaged the monolayers by 4 hours of 
incubation and caused most of the incorporated *'Cr to be 
released by 6 hours (Fig 3). In contrast, as shown in Fig 3, 
neutrophils caused only a minimal release of *'Cr when 





Fig 2. 
endothelial cells, leaving focal gaps in the area of monolayer 
(arrow) immediately adjacent to a large cluster of neutrophils 
surrounding Candida albicans hypha, following addition of leuko- 
cytes at a ratio of 10 neutrophils per endothelial cell (original 
magnification x 420; current magnification x 206). 


Limited dislodgement and retraction of occasional 
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Fig 3. Effects of hyphae and/or neutrophils on cytolysis of 
endothelial cells as determined by “Cr release. Hatched bars 
represent mean (three separate experiments, each repeated in 
triplicate) specific release of “Cr from radiolabeled endothelial cell 
monolayers exposed, respectively, either to neutrophils (five to 
each endothelial cell) for 4 hours (leukocytes) or C albicans 
blastospores (one to each endothelial cell), and subsequently 
washed to remove nonadherent fungi and then incubated to 
support progressive germination and hyphal growth within mono- 
layers for 6 hours (Candida); or, after initial germination of hyphae 
in monolayers for 2 hours, five neutrophils were added to each 
Candida, and incubations were continued for an additional 4 hours 
(Candida + leukocytes). Open rectangles superimposed on 
hatched bars denote 95% confidence limits. Hyphal growth signifi- 
cantly increased endothelial cell cytolysis, but this increase wes 
reversed by the addition of neutrophils (P < .001). 


applied to uninfected monolayers for 4 hours and did not 
significantly increase *'Cr release from the infected endothe- 
lial cell monolayers despite the avid interaction of neutro- 
phils with hyphae in infected monolayers. Interacting neu- 
trophils and hyphae did not reincorporate *'Cr after initial 
release during control experiments using supernatants from 
lysed endothelial cells. Specifically, supernatants from lysed 
endothelial cells were incubated at 37°C for | hour with 107 
Candida alone, 5 x 10’ neutrophils alone, and with Candida 
and neutrophils combined. The preparations were centri- 
fuged, and the supernatants and pellets were counted. In 
each instance, cell reuptake of previously released *'Cr was 
insignificant (0.0% to 2.8%). Thus, neutrophils significantly 
reduced Candida-induced *'Cr release from radiolabeled 
endothelial cells (P < .001 by two-tailed Student’s z test for 
paired samples). 

Endothelial cells by themselves had no apparent candida- 
cidal activity. Within endothelial cell monolayers, the inter- 
action of neutrophils with hyphae led to depletion of granules 
in the areas immediately adjacent to the neutrophil—hypha! 
interface, as observed microscopically (Fig 4). Comparable 
levels of candidacidal activity to those observed in simulta- 
neous incubations of Candida hyphae with neutrophils in the 
absence of endothelial cells was seen (58.0% killing after 2 
hours of incubation with neutrophils in endothelial cell 
monolayers v 49.4% killing in plastic dishes in the absence of 
endothelial cells). The fungicidal activity was determined by 
agar overlay following 2-hour incubations and subsequent 
quantitative counts of microcolonies formed on the plates 
and added to quantitative microcolony counts of Candida 
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Fig 4. En-face sections showing neutrophils closely apposed 
to endothelial cells (E) that remain intact. (A) Neutrophil cytoplas- 
mic granules are relatively depleted surrounding enveloped Can- 
dida hyphae (cross-section), but preservation of granules away 
from the fungi and adjacent to endothelial cells (original magnifica- 
tion x 8,400; current magnification x 4,116). (B) Neutrophil 
segment with intact cytoplasmic granules during penetration into 
monolayer, where adjacent endothelial cells remain intact (original 
magnification x 21,573; current magnification x 10,571. 


within supernatants of the cultures. Results obtained using 
the MTT dye assay for quantitative confirmation of hyphal 
viability substantiated these findings. Verification that 
reduction in colonies was not due to clumping was obtained 
through direct observation by phase-contrast microscopy 
throughout the period of incubation and microcolony forma- 
tion. Observations made during the time-lapse studies sug- 
gested that neutrophils removed (and on occasion appeared 
actively to pull out) hyphae from the endothelial cell layers. 
These observations were confirmed by studies performed at 
timed intervals. When monolayers were washed free of 
adherent neutrophils, after 90 minutes of incubation, a 
38.2% reduction occurred in the number of Candida hyphae, 
although most of the endothelial cell monolayer remained 
intact. In contrast, when no neutrophils were added to the 
hyphae growing within the endothelial cells, massive destruc- 
tion of the monolayers occurred after 6.5 hours of incubation 
(Fig 5A), and monolayers were completely destroyed by 
hyphal overgrowth after 18 hours. At these later intervals, 
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when neutrophils were added to endothelial cells that con- 
tained progressively growing Candida, the monolayers were 
largely preserved and remaining hyphae were dramatically 
reduced in number. As shown in Fig 5C, washing endothelial 
cells free of adherent neutrophils after 4.5 hours of incuba- 
tion (6.5 hours of Candida growth within the endothelium) 
revealed monolayers that were far better preserved than 
those incubated without neutrophils. Endothelial cells 
retained viability as judged by trypan blue dye exclusion as 
well as the more sensitive index of retained mobility deter- 
mined by time-lapse videotaping. 

Staining with the tetrazolium dye MTT also was used as 
an index of viability for both hyphae and endothelial cells. 
Both of these eucaryotic cells contain mitochondrial dehy- 
drogenases that reduce the dye to visible, intracellular pre- 
cipitates of its formazan derivative. After 18 hours of incuba- 
tion, once almost all the neutrophils have been removed by 
washing from the endothelial cell monolayers, MTT staining 
revealed that only occasional viable hyphae, all very small in 
size, remained, whereas many live endothelial cells were 
present. Time-lapse videotaping demonstrated that motility 
was preserved in these stained, residual endothelial cells, 
confirming their viability. Consistent with these findings was 
the observation that when low ratios of neutrophils to hyphae 
(1 to 5:1) were used, though neutrophils attacking hyphae 
appeared to be closely apposed to endothelial cells, the 
adjacent endothelial cells remained morphologically normal 
(Fig 4A and B). Moreover, although neutrophils appeared to 
be depleted of granules in areas in immediate proximity to 
sites of their hyphal attachment, large numbers of intact 
granules remained within the cytoplasms of neutrophils 
immediately adjacent to those endothelial cell surfaces far 
removed from Candida. 


DISCUSSION 

As in previous studies,’ C albicans was internalized in 
vitro by human vascular endothelial cells, apparently without 
diminishing the ability of the organism to germinate. In the 
previous study, internalized Candida were restricted to endo- 
thelial phagocytic vacuoles, as observed by transmission 
electron microscopy. The longer incubations used in the 
present study presumably allowed progressive Candida ger- 
mination, ending in endothelial cell lysis. When neutrophils 
were added, they were attracted to surface-adherent Can- 
dida and to sites where germinated hyphae protruded 
through the endothelial monolayer. Attached neutrophils 
then penetrated the endothelial monolayer along the course 
of hyphal filaments, spread on hyphae, killed them, and 
cleared them from the monolayer. In earlier studies, we 
showed that the candidacidal activity of neutrophils depends 
largely on activation of the respiratory burst and release of 
toxic oxygen species.** Limited loss of endothelial cells from 
monolayers occurred, but only at sites of leukocyte-Candida 
interactions. Although diffusely infected by Candida, endo- 
thelial monolayers were largely preserved by the addition of 
leukocytes, as determined both by *'Cr release and morpho- 
logical criteria. In contrast, when neutrophils were absent, 
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Fig5. Effects of progressive hyphal elongation on morphological integrity of endothelial cell monolayer. (A) Extensive destruction of 
monolayer as evidenced by endothelial cell loss and retraction after 6 hours of hyphal growth to form large individual filaments, clusters, 
and microcolonies (original magnification x 275; current magnification x 135). (B) Hyphae were germinated on endothelial cell monolayer 
for 2 hours prior to the addition of leukocytes; monolayers were incubated for an additional 4 hours (6 hours total), and washed to remove 
nonadherent neutrophils. Overall, monolayer is preserved, with only rare remaining hyphal filaments [original magnification x 275; current 
magnification x 135). (C) Parallel preparation (performed simultaneously with [B] with hyphae and neutrophils incubated on endothelial 
cell monolayer for 18 hours, and stained with 3-[4,5-dimethyithiazol—2yl]-2,5-dyphenyltetrazolium bromide (MTT), showing preservation 
of viable endothelial cells and only occasional, short hyphal filaments containing precipitated, dark crystals of MTT-formazan indicating cell 


viability (original magnification x 1,300; current magnification x 637). 


Candida hyphae grew progressively and completely 
destroyed endothelial cell monolayers. 

These findings differ in certain critical respects from 
previous studies that focused on aspects of the neutrophil 
endothelial interaction as potential mechanisms underlying 
intravascular injury occurring in adult respiratory distress 
syndrome and systemic vasculitis or in the development of 
atherosclerosis.'*'* Depending on experimental conditions, 
neutrophils may cause either nonlytic retraction and detach- 
ment of endothelial cells'*'® or significant endothelial cell 
lysis.'*'”"'? Other researchers have suggested that close appo- 
sition of cells is required for neutrophil-mediated endothelial 
damage'*'® and that activation of the neutrophil respiratory 
burst'*'? is necessary. Thus, endothelial cell damage has 
been produced by normal and myeloperoxidase-deficient, but 
not by chronic granulomatous disease neutrophils,” and has 
been inhibited by blockade of the respiratory burst by 
dapsone, as well as by catalase,'*'”'? and scavengers of 


toxic oxygen species.'*'? Endothelial cell damage has been 
induced by a variety of cell-free oxidant-generating systems, 
including the myeloperoxidase-hydrogen peroxide-halide 
system,'”'? by hydrogen peroxide generation from glucose 
plus glucose oxidase,” or by superoxide generation from 
xanthine plus xanthine oxidase.'*'*!? In other studies, release 
of neutral proteases has been implicated as a nonoxidative 
mechanism whereby neutrophils mediate detachment, but 
not lysis, of cultured endothelial cells. 

In studies demonstrating endothelial cell lysis, neutrophils 
have generally been stimulated by soluble mediators (includ- 
ing phorbol myristate acetate (PMA),'*'? CS5a'*, or the 
chemotactic peptide formyl-methionyl-leucyl-phenylala- 
nine'*), or by opsonized zymosan.” under conditions likely to 
lead to global activation of the neutrophil, In our studies, we 
intentionally avoided using mediators that would result in 
global activation; instead we focused on an activation mecha- 
nism that was likely to be physiologic within the context of 
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the interaction of neutrophils, endothelium, and the patho- 
genic microorganism, Candida. Neutrophils are capable of 
selectivity in the release of microbicidal products and media- 
tion of target cell damage when stimulated by particulate 
substrates. For example, neutrophils adherent to nonphago- 
cytizable surfaces release oxidants focally, only at sites of 
attachment. We previously showed that Candida hyphae 
are killed only by closely adherent neutrophils, primarily by 
oxidative mechanisms.**”” Hyphal killing is likely the result 
of a focal interaction confined specifically to those areas of 
contiguity between the target and the phagocyte. 

Several recent observations indicate that endothelial cells 
participate actively in neutrophil adherence and generation 
of inflammatory products at the vessel wall. Under appropri- 
ate conditions, endothelial cell monolayers possess antiadhe- 
sive properties that are protective against stimulated neutro- 
phils.” Alternatively, endothelial cells may respond with 
elaboration of soluble and membrane-bound proinflamma- 
tory signals, including platelet-activating factor? and a 
recently described class of endothelial-dependent leukocyte- 
dependent adhesion molecules’? capable of augmenting 
neutrophil adherence and activation. The possibility that 
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Candida or other microorganisms elicit local changes in 
endothelial cell metabolism that influence subsequent neu- 
trophil activation warrants further investigation. 

In summary, these studies extend our earlier observations 
on pathogenetic mechanisms invoked by angioinvasive fungi. 
In the present study, unimpeded hyphal elongation was 
associated with extensive damage to endothelial cells. Acti- 
vated leukocytes conferred protection to infected endothelial 
monolayers despite demonstrated fungicidal activity, ultra- 
structural evidence of neutrophil degranulation, and pre- 
sumed activation of the neutrophil respiratory burst. 
Whereas prior studies have shown extensive lytic and non- 
lytic endothelial damage by activated neutrophils, the data 
we present suggest that, under appropriate conditions, “tar- 
geted” neutrophils can effect microbial killing with minimal 
and focally limited damage to neighboring endothelium. 
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Posttransfusion Purpura Associated With an Autoantibody Directed Against 
a Previously Undefined Platelet Antigen 


By Raphael B. Stricker, Brad H. Lewis, Laurence Corash, and Marc A. Shurnan 


Although alloantibody against the PLA' platelet antigen is 
usually found in patients with posttransfusion purpura 
(PTP), the mechanism of destruction of the patient's own 
PLA'-negative platelets is unexplained. We used a sensi- 
tive immunoblot technique to detect antiplatelet antibodies 
in a patient with classic PTP. The patient's acute-phase 
serum contained antibodies against three proteins present 
in control (PLA'-positive) platelets: an antibody that bound 
to a previously unrecognized platelet protein of mol wt 
120,000 [glycoprotein (GP) 120], antibodies that bound to 
PLA’ (mol wt 90,000), and an epitope of GP ilb (mol wt 
140,000). The antibodies against PLA' and GP IIb did not 
react with the patient's own PLA'-negative platelets, con- 
trol PLA'-negative platelets, or thrombasthenic platelets. 


OSTTRANSFUSION purpura (PTP), first described 
>25 years ago,'? is considered “an enigma of alloim- 
munization.’* PTP is an acute bleeding disorder character- 
ized by the onset of thrombocytopenia ~1 week following 
blood transfusion.*’ The syndrome occurs predominantly in 
patients who lack the platelet-specific alloantigen, PLA', and 
who have been sensitized by prior transfusion or pregnancy.” 
Although antibodies against PLA! are usually present in 
patient serum, the mechanism of destruction of the patient's 
own PLA'-negative platelets remains unexplained. Recently, 
antibody against another platelet-specific antigen, Lek*, was 
detected in the serum of a patient with PTP.'""' As in many 
cases of this disease, however, the patient died before autolo- 
gous platelets could be obtained for study, se that the 
relationship between production of anti-Lek* antibody and 
destruction of the patient’s own platelets remains uncertain. 
Both PLA! and Lek* are deficient in thrombasthenic plate- 
lets that lack the platelet glycoprotein Hb/Illa (GP Hb/ 
Illa) complex.'° The PLA! epitope has been localized to GP 
Hla, whereas Lek* appears to be an epitope of GP IIb." 
Lek* now appears to be identical to the Bak* alloantigen.” 
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In contrast, the antibody against GP 120 recognized this 
protein in all three platelet preparations, but not in Ber- 
nard-Soulier or Lek" (Bak")-negative platelets. Antibody 
against GP 120 was not detected in the patient's recovery 
serum, although the antibodies against PLA’ and GP IIb 
persisted. F(ab), prepared from the patient's acute-phase 
serum also bound to GP 120. These results suggest that in 
PTP, transient autoantibody production may be responsible 
for autologous (PLA'-negative) platelet destruction. In 
addition, alloantibodies against more than one platelet 
alloantigen may be found in this disease. The nature of the 
GP 120 autoantigen and the GP Ilb-related alloantigen 
defined by our patient's serum remains to be determined. 
® 1987 by Grune & Stratton, Inc. 


Prompt recognition of PTP and treatment with large- 
volume plasmapheresis has led to improved survival in this 
disease.'*'° These factors allowed us to perform detailed 
antibody binding studies in a patient who recovered from 
severe thrombocytopenia associated with a classic case of 
PTP. 


MATERIALS AND METHODS 


Case report. A 71-year-old multiparous woman underwent 
transabdominal hysterectomy because of uterine fibroids. She had 
no history of prior transfusion, bleeding, or thrombocytopenia, and 
her preoperative platelet count was 220,000/aL. During surgery, 2 
U of packed RBCs were transfused, and postoperatively the patient’s 
hematocrit and platelet count were normal. Eight days after surgery, 
however, the patient developed petechiae and mucosal bleeding, and 
her platelet count was 6,000/uL. There was no clinical or laboratory 
evidence of infection, hemolysis, or disseminated intravascular coag- 
ulation. The platelet-associated immunoglobulin level measured by a 
fluorescence-activated flow cytometric technique! was elevated. 
The patient was taking no medications. 

PTP was suspected, and an 11-L plasmapheresis was performed 
over 4 days using total-volume replacement with fresh frozen 
plasma. On the third day, the patient’s platelet count rose to 
170,000/uL and remained in the normal range. No further bleeding 
occurred and the patient was discharged from the hospital. One 
month after recovery, her platelet-associated immunoglobulin level 
was normal. The patient’s platelets were PLA'-negative, as shown by 
an enzyme-linked immunoassay" performed at Irwin Memorial 
Blood Bank, San Francisco, using high-titer anti-PLA!' antiserum. 
The patieni's acute-phase serum obtained prior to plasmapheresis 
contained significant anti-PLA! antibody, as demonstrated by indi- 
rect platelet immunofluorescence and “'Cr release cytotoxicity 
(kindly performed by Dr Richard Aster of the Blood Center of 
Southeastern Wisconsin, Milwaukee). Antibodies against PLE! and 
Bak’ (Lek") were not detected by these techniques. The patient's 
HLA type was A2 A3 B8 B35, as determined by the standard 
lymphocytctoxicity assay." 

Platelet preparations. Platelets were prepared from the follow- 
ing donors: a PLA'-positive control, a PLA'-negative control. two 
patients with Glanzmann’s thrombasthenia known to have <10% GP 
Hb/Ha,? and two patients with Bernard-Soulier syndrome. The 
Bernard-Sculier platelets were generously provided by Dr Margaret 
Johnson of the Medical Center of Delaware, Newark. Autologous 
platelets were obtained from the patient | month after recovery. 
Platelets were also obtained from the patient's older son, who is 
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PLA'-positive, and from her younger son, who is PLA'-negative. 
Lek* (Bak*)-negative platelets from two patients were the generous 
gift of Dr Alan Nurden of the Hôpital Lariboisiére, Paris. All 
platelets were washed and solubilized in sodium dodecyl sulfate 
(SDS) sample buffer, as previously described.'* For reduction of 
platelet proteins, 200 mmol/L of dithiothreitol (DTT) was added to 
the contral platelet preparation prior to gel electrophoresis. 

Neuraminidase treatment of control platelets was performed by a 
modification of the technique of McGregor and colleagues.” In 
brief, 10° washed platelets were suspended in 1 mL of phosphate- 
buffered saline (PBS) containing 5 mmol/L of EDTA. The platelets 
were incubated with | U of protease-free Vibrio cholerae neuramini- 
dase (Calbiochem, San Diego) for 15 minutes at 37°C. They were 
then washed three times in PBS and solubilized in SDS sample 
buffer at the same concentration as untreated platelets (10°/mL). 

Antibodies and platelet eluates. Serum was obtained from the 
patient during the acute phase of her disease immediately prior to 
plasmapheresis. Serum was also obtained from the patient | month 
after recovery. F(ab), immunoglobulin fragments were prepared 
from the patient's acute-phase serum by sequential protein A- 
Sepharose purification and pepsin digestion of IgG. Rabbit antise- 
rum against GP Ilb/IIla'? was generously provided by Dr Rod 
McEver of the University of Texas Health Science Center, San 
Antonio, TX. 

Affinity isolation of serum antibody was performed using a 
modification of the acid elution technique described by Falus and 
colleagues.” In brief, 5 x 10° washed platelets were fixed with 1% 
paraformaldehyde" and incubated for 1 hour with 500 uL of test 
serum diluted 1:1 in PBS. The platelets were washed three times in 
PBS and incubated with 0.5 mL of 0.1 mol/L of glycine, pH 2.5, for 
5 minutes. The platelets were sedimented, and the supernatant 
eluate was neutralized with | mol/L of Tris, pH 8.0. The eluate was 
dialyzed against PBS and stored at — 70°C until use. 

Eluates were prepared using acute and convalescent patient sera, 
as well as control serum and high titer anti-PLA' antiserum. Binding 
of the eluted antibody to control or PLA'-negative platelets was 
determined using the fluorescence-activated cell sorter (FACS) 
assay, as previously described.'* Eluate binding on immunoblots was 
performed as described below. 

Immuaoblotting. Binding of serum antibody, platelet eluates or 
F(ab), fragments to platelet membrane proteins was detected by an 
immunoblot technique, as previously described.” In brief, SDS- 
solubilized platelets were electrophoresed in SDS-5% polyacryl- 
amide gels under nonreducing conditions. The platelet proteins were 
transferred to nitrocellulose membranes aad incubated with sera, 
eluates or F(ab), (5 mg/mL) diluted 1:50 in Tris-buffered saline 
(TBS). Antibody binding was detected using a biotin-avidin-peroxi- 
dase system.” For antibody binding to reduced platelet proteins, 


Fig 1. Binding of patient's serum antibody to 
platelet proteins. Solubilized platelet proteins were 
electrophoresed in sodium dodecyl sulfate (SDS) 5% 
polyacrylamide gels, transferred to nitrocellulose, and 
incubated with patient's acute-phase serum (lanes A 
through D) or convalescent serum (lanes E through H), 
as described in the Materials and Methods section. 
Lanes A and E, control PLA'-positive platelets; lanes B 
and F, autologous (PLA'-negative) platelets: lanes C 
and G, control PLA'-negative platelets: lanes D and H, 
thrombesthenic platelets. Bands at mol wt 90,000 
(PLA'), mol wt 140,000 (glycoprotein [GP] IIb), and mol 
wt 120,000 (GP 120) are apparent in lane A. Text 
gives explanation of antibody binding in other lanes. 
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DTT-treated platelets were substituted for unreduced platelets prior 
to electrophoresis. In the blocking experiment, the nitrocellulose 
membrane was first incubated with a 1:2,000 dilution of normal 
rabbit serum or rabbit anti-GP IIb/IIIa for | hour. After being 
washed in TBS, the nitrocellulose was incubated with patient serum 
for 2 hours. Antibody binding was detected using biotinylated goat 
F(ab), anti-human immunoglobulin and avidin-peroxidase, The 
anti-human immunoglobulin does not cross-react with rabbit anti- 
body. 


RESULTS 


Antibody binding to various platelet preparations using 
the patient's acute-phase serum (lanes A through D) and 
convalescent serum (lanes E through H) is shown in Fig 1. 
The acute-phase serum contained antibodies against three 
distinct proteins in control PLA'-positive platelets, shown in 
lane A: an antibody that bound to PLA' (mol wt 90,000), an 
antibody that bound to an epitope of GP IIb (mol wt 
140,000), and a third antibody that bound to a protein of mol 
wt 120,000 (GP 120). The antibodies against PLA' and GP 
Ilb did not react with the patient’s own PLA'-negative 
platelets, shown in lane B. In contrast, the antibody against 
GP 120 did react with those platelets. The anti-PLA' and 
anti-GP IIb antibodies failed to bind to control PLA'- 
negative platelets, shown in lane C, or to thrombasthenic 
platelets, shown in lane D. The antibody against GP 120, 
however, bound to this antigen in both control PLA'-negative 
platelets (lane C) and thrombasthenic platelets (lane D). 

Binding of anti-platelet antibody in the patient's convales- 
cent serum is shown in lanes E through H. As shown in lane 
E, antibodies that bound to PLA’ and the GP IIb epitope 
were still present after the patient's recovery. Antibody 
against GP 120, however, was no longer detected in the 
convalescent serum. Similarly, antibody binding to GP 120 
was no longer detected using the patient's autologous plate- 
lets (lane F), control PLA'-negative platelets (lane G), or 
thrombasthenic platelets (lane H). As in lanes B through D, 
the antibodies against PLA' and GP IIb failed to bind to 
these platelets. 

Figure 2 shows the results of immunoblotting using F(ab), 
prepared from the patient's acute-phase serum. The F(ab), 
bound to GP 120 in control PLA'-positive platelets, shown in 
lane A, and in the patient's own platelets, shown in lane B, 
indicating autoantibody binding to the target antigen. F(ab), 
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Fig2. Binding of patient's F(ab), to platelet proteins. Immuno- 
blotting was performed as described in Fig 1, except that patient's 
F(ab), at 5 mg/mL was substituted for serum. Lane A, control 
PLA'-positive platelets: lane B, autologous PLA'-negative plate- 
lets. Band of mol wt 120,000 was detected by F(ab), in both 
lanes. 


binding to PLA' and GP IIb was also seen in control platelets 
(lane A), although the intensity of binding was less than with 
whole serum. Serum antibody and F(ab), failed to bind to 
RBCs, granulocytes, lymphocytes, or monocytes (data not 
shown). 

Figure 3 shows the results of acute-phase serum antibody 
binding to other platelet preparations. Binding of antibody to 
Lek’ (Bak*)-negative platelets is shown in lanes B and C. 
Although antibody binding to PLA’ and GP Ilb was seen in 
these platelets, antibody bincing to GP | 20 was not detected. 
Thus, Lek* (Bak*)-negative platelets appear to be deficient in 
the GP 120 antibody binding site. Binding of the patient's 
antibody to her two sons’ platelets is shown in lanes D and E. 
The older son’s PLA'-positive platelets bound PLA’ anti- 
body, as shown in lane D. The younger son’s platelets are 
deficient in PLA', however, and failed to bind anti-PLA! 
antibody. Antibody binding to GP 120 was observed in both 
platelet preparations. Neither son’s platelets reacted with the 
anti-GP IIb antibody, however, indicating that this epitope 
of GP IIb is missing on both children’s platelets. Antibody 
binding to a second thrombasthenic patient's platelets is 
shown in lane F. These platelets also showed antibody 
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Table 1. Binding of Eluted Platelet Antibodies 
to Control or PLA'-Negative Platelets 





Binding to 
Control Platelets  PLA'-Negative Platelets 





Source of Eluate 


Control serum Negative Negative 
Acute patient serum Positive Positive 
Convalescent patient serum Positive Negative 
Anti-PLA' antiserum Positive Negative 





Serum samples were incubatec with paraformaldehyde-fixed control 
platelets. Antibody elution was performed using acid-glycine. Eluates 
were then incubated with control or PLA'-negative platelets. Antibody 
binding was detected using FACS. Details are described in the Materials 
and Methods section. 


binding to GP 120 but not to PLA’ or GP IIb. In contrast, 
serum antibody binding to PLA’ and GP IIb was seen in 
Bernard-Soulier platelets, shown in lane G. Binding to GP 
120 was not detected in these platelets. Thus, Bernard- 
Soulier platelets, like Lek" (Bak")-negative platelets, appear 
to lack either GP 120 or the epitope that reacts with the 
anti-GP 120 autoantibody. 

Table 1 shows the results of FACS analysis of binding of 
platelet antibody eluates to intact platelets. The eluates 
made from the patient's acute-phase serum bound to control 
platelets and PLA'-negative platelets, indicating the pres- 
ence of antibody against platelet determinants in addition to 
PLA'. The convalescent serum eluate also reacted with 
control platelets, but failed to bind to the PLA'-negative 
platelets. This finding is consistent with the disappearance of 
non-PLA' autoantibody in the recovery serum. It also dem- 
onstrates antibody binding on the surface of intact platelets 
fixed with paraformaldehyde, confirming that GP 120 is a 
membrane antigen. 

Figure 4 shows the results of immunoblotting using the 
platelet eluates described in Table 1. The antibody eluate 
prepared from acute-phase serum bound to three epitopes on 
control platelets (lane A) but only to GP 120 on PLA’ 
negative platelets (lane B). The antibody eluate from conva- 
lescent serum bound to GP IIb and PLA! (but not to GP 120) 
on control platelets (lane C). This eluate failed to bind to 
PLA'-negative platelets (lane D). Thus, the results of immu- 
noblotting using platelet eluates were identical to the serum 
antibody findings shown in Fig 1. 

Figure 5 shows the results of three additional experiments 
that further characterize the target platelet antigens. Bind- 
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Characterization of platelet antigens recog- 
nized by acute-phase serum antibody. Immunoblotting 
was performed as described in Fig 1. Lane A, control 
PLA'-positive platelets; lanes B and C, Lek*-negative 
platelets; lane D, platelets from patient's older son 
(PLA'-positive); lane E, platelets from patient's 
younger son (PLA'-negative); lane F, thrombasthenic 
platelets; lane G, Bernard-Soulier platelets. 
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Fig 4. Binding of platelet antibody eluates on immunoblots. 
Immunoblotting was performed as described in Fig 1, except that 
platelet eluates at a dilution of 1:50 were substituted for serum. 
Acute-phase eluate was incubated with control platelets (lane A) 
or PLA'-negative platelets (lane B). Convalescent eluate was also 
incubated with control platelets (lane C) or PLA'-negative plate- 
lets (lane D). 


ing of rabbit anti-GP Ib/Ila antibody to control platelets is 
shown in lane A. This antibody recognizes two bands corre- 
sponding to GP IIb (mol wt 140,000 and 130,000) and a 
single 90,000-dalton band corresponding to GP Ila, as 
previously described.” Binding of the patient's acute-phase 
serum to control platelets preincubated with normal rabbit 
serum is shown in lane B. Preincubation with control rabbit 
serum failed to block binding of the patient’s antibodies on 
the blot. In contrast, the blocking experiment using rabbit 
anti-GP IIb/IIIa followed by the patient’s acute-phase 
serum is shown in lane C. Preincubation with the rabbit 
antiserum abolished binding of the patient's antibodies to the 
140,000-dalton and 90,000-dalton antigens, suggesting that 
these epitopes are located on GP IIb and GP Ila. Patient 
antibody binding to GP 120 was not blocked by the rabbit 
antiserum. This finding provides further evidence that GP 
120 is distinct from GP IIb/IIIa. 

Lane D shows the binding of acute-phase serum to 
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Fig 5. Immunoblots showing rabbit antibody blocking experi- 
ment and patient antibody binding to reduced and neuraminidase- 
treated platelets. Control platelets were incubated with rabbit 
anti-glycoprotein (GP) llb/llla (lane A), normal rabbit serum fol- 
lowed by acute-phase patient serum (lane B), or rabbit anti-GP 
llb/llla followed by acute-phase patient serum (lane C). Acute- 
phase patient serum was also incubated with reduced platelets 
(lane D), and neuraminidase-treated platelets (lane E). GP lib is 
recognized as two bands of mol wt 140,000 and 130,000, whereas 
GP Illa has a mol wt of 90,000. 
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reduced platelet proteins. Binding to the GP Ib and PLA' 
epitopes was abolished by reduction of disulfide bonds. 
Binding to GP 120 in reduced platelets, however, remained 
unchanged. Thus, GP 120 is distinct from GP IIb/IIla by 
both antigenic and conformational studies on immunoblots. 
Binding of the patient’s acute-phase serum to neuramini- 
dase-treated platelets is shown in lane E. Neuraminidase 
treatment abolished antibody binding to the GP 120 and GP 
IIb epitopes in these platelets. Antibody binding to PLA' was 
not affected by exposure of platelets to the enzyme, however. 
These findings suggest that the GP 120 and GP IIb epitopes 
contain carbohydrate moieties that are important for patient 
antibody binding to these antigens. 


DISCUSSION 


The patient described in this article demonstrated several 
classic features of PTP: (a) Onset of severe thrombocytope- 
nia and bleeding ~! week after RBC transfusion, (b) history 
of prior pregnancies, (c) therapeutic response to plasmapher- 
esis, (d) PLA'-negative platelets and circulating anti-PLA' 
antibody, and (e) HLA B8 positivity.”* Two theories have 
been proposed to explain destruction of the patient’s own 
platelets in PTP. Shulman and colleagues” and, more recent- 
ly, Kickler and co-workers% postulated an “innocent 
bystander“ reaction whereby anti-PLA' antibody binds to 
soluble PLA! antigen that is transfused in stored blood. This 
immune complex is then adsorbed to PLA'-negative plate- 
lets, causing their destruction. Problems with this hypothesis 
include the inability to detect circulating PLA’ antigen 
antibody complexes,” persistence of thrombocytopenia 
after the disappearance of anti-PLA' antibody in at least one 
case,” and the lack of interaction of PLA'-negative platelets 
with the postulated immune complex in vitro.” In addition, 
the transfused platelet antigen would have to persist for an 
extended period, since thrombocytopenia in PTP may last for 
>2 months.” A second theory is that PLA'-positive and 
PLA'-negative platelets share other antigenic determinants, 
such as Lek* (Bak*), and that alloantibody production 
against PLA' is accompanied by autoantibody production 
against these determinants.'*”° Evidence in favor of this 
hypothesis is lacking at present.” 

Our findings in a single patient with classic PTP have two 
significant implications. First, they clearly demonstrate that 
autoantibody as well as alloantibody is present in the acute- 
phase serum from a patient with PTP, as suggested in a 
recent study.” Second, our results indicate that alloantibod- 
ies against more than one platelet antigen may be present in 
PTP serum and persist after recovery. Thus, these alloanti- 
bodies do not appear to be the primary cause of autologous 
platelet destruction. In contrast, the disappearance of the 
patient’s autoantibody in convalescent serum when the plate- 
let count has become normal suggests that this antibody 
plays a role in autologous platelet destruction. In preliminary 
studies of serum from four of five additional patients with 
PTP, we detected antibody binding to PLA'-negative control 
platelets using a flow cytometric technique (R.B. Stricker, L. 
Corash, M.A. Shuman, unpublished observations). Although 
this finding is consistent with the presence of non-PLA' 
autoantibodies, it could also be explained by the presence of 
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HLA antibodies or other alloantibodies that are often 
detected in PTP.*° We were unable to obtain autologous 
platelets from these patients to characterize the binding 
properties of their antibodies. In addition, we did not detect 
anti-GP 120 antibody by immunoblotting in these additional 
cases, perhaps due to a delay in sample collection. Thus, it 
remains to be determined whether transient platelet autoan- 
tibody production is a common feature of PTP. 

The nature of the previously unrecognized mol wt 120,000 
platelet autoantigen is uncertain. Our elution studies indi- 
cate that it is a surface antigen and therefore presumably a 
glycoprotein.” In addition, pretreatment of control platelets 
with neuraminidase abolished antibody binding to the mol wt 
120,000 antigen on immunoblots (Fig 5). The GP 120 
epitope is present on thrombasthenic platelets, implying that 
it is distinct from the GP Hb/Hla complex. The epitope 
appears to be missing from Bernard-Soulier platelets, sug- 
gesting that GP 120 may be related to the GP Ib complex.** 
However, GP 120 is distinct from GP Ib, which has a mol wt 
of 170,000 daltons (as defined by rabbit anti-GP Ib anti- 
body) in the gel system used in our experiments. GP 120 is 
also distinct from glycocalicin (mol wt 150,000) and GP V 
(mol wt 80,000) and may represent a previously undefined 
component of the GP Ib complex.” The GP 120 epitope also 
appears to be deficient in Lek? (Bak*)-negative platelets. 
Lek? (Bak) is an epitope of GP Hb that is missing in 
thrombasthenic platelets." In contrast, GP 120 is present in 
thrombasthenic platelets and is not recognized by a rabbit 
polyclonal antibody raised against GP IIb, as shown in Fig 5. 
Thus, the relationship (if any) of GP 120 to Lek* (Bak*) is 
unclear. 

Similarly, the GP IIb epitope recognized by the patient’s 
alloantibody is uncharacterized. Evidence that this antigen is 
a component of GP IIb derives from three observations: 
First, the antigen’s mol wt is identical to the mol wt of an 
isomer of GP IIb in unreduced gels (Fig 5). Second, binding 
of the patient’s antibody to the 140,000-dalton protein on 
immunoblots is blocked by prior incubation with rabbit 
polyclonal antibody against GP IIb, as shown in Fig 5. Third, 
the epitope is undetectable in platelets fram two thrombasth- 
enic patients known to have <10% GP IIb. The antigen was 
not detected in platelets from four PLA'-negative controls 
and, like PLA', it disappeared from control platelets after 
disulfide bond reduction (Fig 5). The antigen was not 
detected in platelets from the patient’s older son who is 
PLA!-positive, or in platelets from two of 20 additional 
PLA! -positive patients (data not shown). Thus, the relation- 
ship between the GP Ilb-associated alloantigen and the 
PLA’ alloantigen is uncertain. The GP IIb epitope was also 
present in Lek” (Bak*)-negative platelets, implying that it is 
distinct from Lekë (Bak*). The antigen may, however, be 
identical to the GP Hb epitope recently defined by serum 
from another patient with PTP.” Additional platelet screen- 
ing studies are necessary to determine whether this epitope of 
GP Hb represents a new platelet alloantigen. The epitopes 
recognized by the anti-GP Hb and anti-GP Ha antibodies 
appeared to segregate independently, as evidenced by the 
fact that both of the patient’s sons lacked the GP IIb epitope, 
although one was PLA!'-positive and the other PLA'- 
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negative. This observation is consistent with separate genes 
for GP IIb and GP Hla.” 

In summary, we have demonstrated the presence of serum 
autoantibody directed against a previously undefined plate- 
let antigen in a patient with PTP. We also detected alleanti- 
bodies against epitopes of GP IIb and GP Ia in the same 
patient. The prevalence of these antibodies in PTP remains to 
be determined. Effective use of plasmapheresis and intrave- 
nous immunoglobulin’? should improve patient survival 
and allow more detailed study of the antibodies involved in 
the pathogenesis of this enigmatic disease. 
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Iron Deficiency and Neutrophil Function: Different Rates of Correction 
of the Depressions in Oxidative Burst and Myeloperoxidase Activity 
After Iron Treatment 


By Hisashi Murakawa, Catherine E. Bland, Wayne T. Willis, and Peter R. Dallman 


The polymorphonuclear granulocyte (PMN) kills ingested 
bacteria by mechanisms that include myeloperoxidase 
(MPO) and a sudden increase in oxygen consumption (the 
oxidative burst), both of which are iron dependent. The 
magnitude of the oxidative burst and activity of MPO were 
determined in PMNs during the progression of iron defi- 
ciency (ID) and following its treatment in rats. As ID 
developed, the oxidative burst after zymosan activation 
was less depressed than the activity of MPO. There was no 
change in the oxidative burst after activation with phorbol 
myristate acetate (PMA) or in the generation of superoxide 
(O, ) by NADPH oxidase-containing particles from PMNs. 
Following iron treatment, impairment of the oxidative 


RON DEFICIENCY (ID) results in impairments of 
immune function, particularly in respect to cell-mediated 
immunity and the ability of polymorphonuclear granulocytes 
(PMNs) to kill ingested bacteria. The PMN is of particu- 
lar interest with respect to ID, since the cell has many 
iron-containing constituents. At least two morphologically 
and chemically distinct granule populations have been char- 
acterized in the cytoplasm of the PMN. The primary 
granule is the only granule that is formed early in matura- 
tion; it is produced mainly during the promyelocyte stage and 
contains myeloperoxidase (MPO).’ This iron-containing 
enzyme contributes to the antimicrobial function of the 
PMN," but the importance of this role is uncertain, since 
patients with a congenital deficiency of MPO are virtually 
asymptomatic.*'? Other granules, including the specific 
granule, are formed during and subsequent to the myelocyte 
stage.’ The specific granule or a third type of granule is 
believed to contain cytochrome b, an iron-containing constit- 
uent that is believed to be required for the oxidative burst, 
the marked increase in oxygen consumption that occurs 
following phagocytosis.'''* The oxidative burst plays an 
important role in bacterial killing, as judged from the 
marked susceptibility to infection in chronic granulomatous 
disease, a congenital disorder in which the oxidative burst is 
absent or decreased.'"""4 
In studies of PMN function in ID children reported by 
Chandra and Saraya,'*'® the nitroblue tetrazolium (NBT) 
test, which reflects the oxidative burst, was decreased. The 
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burst after zymosan activation was corrected after 1 day. 
in contrast, the deficit in MPO activity was not corrected 
until 7 days after initiation of iron treatment. The pattern 
of recovery in MPO activity after iron treatment corre- 
sponded to the prolonged period of maturation of the PMN 
primary granule since the formation of primary granules, 
which contain MPO, takes place only in the early, mitotic 
stages of maturation. The tendency of the PMN to maintain 
the oxidative burst allows the cell to preserve its capacity 
for bacterial killing during the progression of iron 
deficiency. 

e 1987 by Grune & Stratton, inc. 


abnormality was reversed when patients were reinvestigated 
4 to 7 days after treatment with iron. Most studies of 
bactericidal capacity in ID show it to be impaired.'*”° 
Reversal of the abnormality was reported within 4 to 7 days 
by Chandra." Walter and colleagues observed partial recov- 
ery after 3 to 5 days and complete recovery by 15 days.” 
Correction of the abnormality was much slower in the study 
of Yetgin and co-workers,” in which bacterial killing was 
partially improved after 1.5 months of iron treatment and 
completely reversed after 3 months of therapy. Experimenta! 
evidence in rats also showed an abnormal NBT test and 
decreased MPO activity in ID that had reversed when PMNs 
were reevaluated 2 months after initiation of iron treat- 
ment.” 

Because the contrasting maturation patterns of the dif- 
ferent types of PMN granules might result in correspond- 
ingly distinct rates of reversal of abnormalities in PMN 
enzymes and related functions during recovery from ID, we 
investigated MPO activity and the oxidative burst, abnor- 
malities associated with the primary granules and the spe- 
cific granules, respectively, before and after iron administra- 
tion to rats with ID. 


MATERIALS AND METHODS 


Animals. Male Sprague-Dawley rats (Bantin-Kingman, Fre- 
mont, CA) were obtained at weaning (21 days of age) and were 
randomly assigned to one of two dietary groups, the ID and the 
control group. ID rats received an ID diet (iron 3 to 9 mg/kg diet): 
control rats were given the same diet but with added ferric citrate 
(iron 60 to 63 mg/kg diet). Both diets were otherwise identical in 
composition to the American Institute of Nutrition diet proposed for 
growing rats with the exception that cellulose (which has a variable 
iron content) was omitted.” Diets (Teklad, Madison, Wi) and 
distilled water were provided ad libitum. 

Protocol. Groups of 5 to 8 rats in each of the diet categories 
were studied after 1, 2 and 3 weeks of diet; 1, 2, 3,5, and 7 days after 
iron administration for the MPO assay; and | and 3 days after iron 
administration for measurement of the oxidative burst. After 3 
weeks of the diets (at 6 weeks of age), rats of the ID group received 
10 mg of elemental iron as iron dextran (Imferon, Merrell Dow 
Pharmaceutical, Cincinnati) divided into two intramuscular injec- 
tions of 0.1 mL each. Control rats received an injection of the same 
volume of 0.9% saline. Hemoglobin and body weight were measured 
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on the day of each experiment. Hemoglobin was determined by the 
cyanmethemoglobin method (Data Medical, Arlington, TX). 

Isolation of rat PMNs. Functionally active PMNs were 
obtained from the peritoneal cavity 4 hours after intraperitoneal 
(IP) injection of a casein suspension as described by Lemanske and 
colleagues.” Rats were killed by decapitation, and the peritoneal 
cavities were lavaged with a total of 40 mL of chilled Dulbecco's 
phosphate-buffered saline (PBS), pH 7.4, without calcium and 
magnesium (CMF).” The peritoneal exudates were collected sepa- 
rately from each rat and filtered through gauze into a 50-mL sterile 
centrifuge tube. The cells were kept at 4°C or on ice throughout the 
isolation procedure. 

The PMN concentrates were centrifuged at 400 g for 15 minutes 
at 4°C. The resulting pellets were treated with 5 mL of ammonium 
chloride solution for 2 minutes with moderate agitation to lyse 
RBCs.” After 2 minutes, 40 mL of CMF was added to each tube and 
mixed thoroughly. The cells were then centrifuged and washed three 
times with CMF. 

In a second experiment, PMNs were isolated from the peripheral 
blood as described by Babior and Cohen™ with minor modifications. 
Peripheral blood from male Sprague-Dawley rats was collected in a 
syringe containing 1 to 1.5 mL of acid-citrate-dextrose solution 
(ACD). The anticoagulated blood was diluted with the same amount 
of CME and mixed with half the amount of 4.5% dextran (mol wt 
488,000) in 0.9% saline. The upper layer was removed after the 
mixture was placed upright for | hour at room temperature. The 
leukocyte-rich plasma was centrifuged, and resulting pellets were 
treated as described above. The cells were washed twice with CMF, 
pooled, and suspended in 20 mL of CMF. Then 10 mL of Histo- 
paque-1077 was carefully injected under a 20-mL layer of leukocyte 
suspension in a 50-mL sterile centrifuge tube using a spinal needle. 
The tube was centrifuged at 400 g for 20 minutes, and the overlying 
fluid was aspirated. 

The washed neutrophils obtained from either the peritoneal cavity 
or the peripheral blood were then resuspended in CMF and counted 
using a Coulter counter model ZBI (Coulter Electronics, Hialeah, 
FL). Differential counts were performed on Giemsa-stained blood 
smears to verify that >90% of the cell from the peritoneal cavity and 
70% from the peripheral blood in each preparation were PMNs. Cell 
viability was >95% as determined with trypan blue in each prepara- 
tion. 

MPO was assayed to the method of Migler and DeChatelet with 
p-phenylenediamine as the hydrogen donor.” isolated PMNs in a 
final concentration of 10’ cells/mL were subjected to sonication 
(model W-220, Heat Systemics-Ultrasonic, Plainview, NY) for two 
8-second bursts in 0.25% Triton X-100. Disposable polystyrene 
cuvettes (Fisher Scientific, Pittsburgh) containing 2.75 to 2.92 mL 
of 10 mmol/L of N-[2-acetaamido]-iminodiacetic acid(ADA) pH 
6.0, 30 ul. of 0.075% HO), and 25 uL of 1% p-phenylenediamine in 
ethanol (wt/vol) were mixed thoroughly. The reaction was then 
started by addition of 25 to 200 uL of the PMN suspension (toa total 
3.0-mL vol), with a final mixing by rapid inversions of the cuvette. 
The change in the absorbance at 485 nm was measured using a 
Hitachi double-beam spectrophotometer (Hitachi, Tokyo) with a 
chart recorder (Cole-Palmer Instrument, Chicago). The results were 
expressed as change in optical density per minute per 10° cells. 

Measurement of oxygen consumption by intact PMNs activated 
by zymosan or phorbol myristate acetate (PMA) was performed as 
described by Mackler and colleagues” in a polarographic chamber 
(Rank Bros, Cambridge, England) thermostated to 37°C. Prepara- 
tion of opsonized zymosan was by the method of Markert and 
colleagues” using serum obtained from male rats of the same strain 
and from the same supplier as the experimental rats. The opsonized 
zymosan was washed twice with CMF and then suspended at a 
concentration of 22.5 mg/mL in CMF. The zymosan was prepared 
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fresh for each day’s experiment. The assay mixture contained 0.80 
mL of a solution of 0.25 mol/L of sucrose and 0.02 mol/L of Tris(pH 
7.4), 0.20 mL freshly thawed rat serum (prepared as described 
above), 0.60 mL of Hank’s solution and 0.20 mL of the intact PMNs 
suspended in CMF to yield a final concentration of 1.5 x 107 
cells/mL in a 2.0-mL total vol. Opsonized zymosan, 0.20 mi (22,5 
mg/mL in CMF) or 4 mg of PMA in 0.20 mL of the sucrose was 
then added to the chamber to activate the cells. The maximal rate of 
O, consumption was determined after the addition. The measure- 
ment of O,” by NADPH oxidase-containing particles from PMNs 
was measured by the method of Markert and colleagues.” 

Materials. Histopaque-1077, casein, zymosan A, p-phenylene- 
diamine, Triton X-100, and 30% H,O, were obtained from Sigma, St 
Louis. 

Statistical analysis. 
Student’s z test. 


Data were analyzed using the unpaired 


RESULTS 


Body weight and hemoglobin concentration. The body 
weight of the ID rats showed no significant difference after 
rats were on the diet for | week (Table 1). At 2 and 3 weeks, 
the mean weight of the iron-deficient group was below that of 
the control group by ~8% and ~20%, respectively. Recent 
studies under similar conditions have shown that the food 
intake of iron-deficient rats is essentially equivalent to that of 
control animals? and hypothesize that the slower weight 
gain is due to metabolic alterations in the iron-deficient rat.” 
After iron treatment, the weight of the ID group increased 
rapidly for | to 2 days, but a significant difference of 12% 
between two groups remained after 7 days. 

The ID rats had significantly lower hemoglobin levels as 
compared with the control rats even after | week on the diet. 
The differences became progressively greater with time, toa 
mean value that was 38% of the control after 3 weeks on the 
diet. After iron treatment, the hemoglobin levels of the ID 
group rose rapidly 1 to 5 days after treatment and were 
within 15% of control values 7 days after initiation of iron 
treatment (Table 1). 

MPO activity. MPO activity did not differ in the ID 
group during the first 2 weeks of the regimen as compared 
with control animals (Table 2). During the progression of ID, 
the mean MPO activity of the ID group was not significantly 
reduced until after 3 weeks of diet, when it was significantly 
depressed, to 53% of the control activity. After iron treat- 
ment, the MPO activity of the deficient group did not change 


Table 1. Body Weight and Hemoglobin Concentration 














ae cota Body Weight (g) Hemoglobin (g/d) 
After Treatment tron-Deficient Control iron-Deficient Control 
Week 1 90 + 2 98 +2 8.1 + 0.2* 12.4 + 0.2 
Week 2 132 + 4* 149+2 6.1 + 0.3* 1380.1 
Week 3 (day O0) 160+ 3* 201+3 5.3 + 0.2* 138 +03 
Day 1 171 + 4* 196: 3 6.2 + 0.2* 138403 
Day 2 185 +5 208 + 7 9,1 + 0.3* 16802 0.4 
Day 3 186 + 5” 226 +6 9.8 + 0.2* 138 +40.3 
Day 5 193 +5* 237+5 116+02* 146 <02 
Day 7 200 + 5* 228+ 8 12.2 +03* 14.3 +0.2 





Means + SEM are shown. 
*Significant differences between two groups {P < .004). 
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Table 2. Myeloperoxidase Activity in PMNs During Progression of iron Deficiency and Following tron Treatment 





Myeloperoxidase, A OD/min/ 10° PMNs 








Weeks of Diet 
or Days of Rats Percent of 
iron Treatment per Group jron-Deficient Rats Control Rats Control 
1 Week 8,7 0.172 + 0.014 0.165 + 0.015 104 
8,8 0.160 + 0.020 0.180 + 0.076 89 
2 Weeks 8,7 0.147 + 0.011 0.177 + 0.024 83 
3 Weeks 8,7 0.209 + 0.023* 0.396 + 0.057 53 
1 Day 8,7 0.172 + 0.013ł 0.298 + 0.021 58 
2 Days 8,5 0.259 + 0.018* 0.435 + 0.032 60 
3 Days 8,8 0.141 + 0.009+ 0.265 + 0.022 53 
5 Days 7,7 0.216 + 0.013* 0.270 + 0.021 80 
8,8 0.232 + 0.013ł 0.350 + 0.031 66 
7 Days 8,8 0.275 + 0.018 0.242 + 0.016 114 





PMNs, polymorphonuclear granulocytes. 


Additional groups of deficient and control rats were studied at two of the time points. Iron was administered to iron-deficient rats after 3 weeks of 


iron-deficient diet. 
*P< O01. 
tP < .001. 


for 3 days and did not attain control levels until 7 days after 
iron treatment. 

The oxidative burst. The changes in the rates of oxygen 
consumption of PMNs after stimulation with zymosan and 
PMA are shown in Table 3. No significant differences were 
found after | and 2 weeks of diet. After 3 weeks, however, 
there was a small but significant depression in oxygen 
consumption after zymosan activation in the ID group that 
was confirmed in an additional experiment. One and 3 days 
after iron treatment, the rate of oxygen consumption of the 
deficient PMNs was equal to that of the control PMNs. 
There was no difference in oxygen consumption after activa- 
tion with PMA between iron-deficient and control rats 
studied after 3 weeks of the dietary regimens. O,” production 
by NADPH oxidase-containing particles from PMNs was 
not depressed after 3 weeks of the iron-deficient regimen 
(Table 4). 

Peripheral blood PMNs. PMNs obtained from the 
peripheral blood were used to validate the results obtained on 
peritoneal PMNs in a second and smaller experiment on two 


Table 3. Oxygen Consumption After Activation 
of PMNs With Zymosan or PMA 





Oxygen Consumption, nmol 0,/min/ 10° PMNs 








Weeks of Diet 
or Days of Rats Percent of 
iron Treatment per Group lron-Deficient Rats Control Rats Control 
Zymosan 
1 Week 8.8 1.75 + 0.15 1.73 + 0.16 101 
2 Weeks 8,7 4.61 + 0.22 4.43 + 0.34 104 
3 Weeks 9,9 3.80 + 0.28* 4.73 + 0.32 80 
6.7 4.32 + 0.34* 5.29 + 0.18 82 
1 Day 8,7 5.21 + 0.35 4.71 + 0.40 110 
3 Days 8,8 5.41 + 0.39 5.16 + 0.32 105 
PMA 
3 Weeks 8,7 4.51 +0.21 4.40 + 0.23 103 
1 Day 7 4.41 + 0.15 — 100 








PMNs, polymorphonuclear granulocytes; PMA, phorbol myristate 
acetate. 
*P < O85. 


randomly assigned groups of rats that had been given the ID 
diet for 3 weeks. One group had been given intramuscular 
(IM) Imferon injection on the previous day, and the other 
group was untreated. The activity of MPO was not changed 1 
day after treatment, whereas the rate of oxygen consumption 
after zymosan activation was significantly increased (Fig 1). 
Absolute values for oxygen consumption were considerably 
lower than in PMNs from peritoneal exudate, possibly due to 
the different method of isolation. 


DISCUSSION 


Clinical studies suggest that bacterial killing by PMNs 
depends primarily on the oxidative burst rather than on 
MPO. This is evident from a comparison between chronic 
granulomatous disease, an inherited abnormality in the 
O, -forming oxidase or its activating system, and hereditary 
MPO deficiency. Chronic granulomatous disease, usually 
fatal, is characterized by recurrent infections caused by an 
inability to generate an oxidative burst to kill invading 
microorganisms.” In contrast, the antibacterial defense in 
patients with MPO deficiency is relatively well preserved, 
with little evidence of morbidity other than a susceptibility to 
infection with Candida.” 

Our results in the ID rat indicate that the oxidative burst is 
less impaired than MPO activity after 3 weeks of an iron- 
deficient regimen. This presumably preserves the most vital 
function of the PMN. Mackler and co-workers” also 
reported a more profound depression of MPO than of the 


Table 4. Superoxide (O, `) Production by NADPH 
Oxidase-Containing Particles from PMNs 








Rats nmol 0," Percent of 
Group per Group Produced/min/10° PMNs Control 
Control, 3 weeks 7 3.9 +03 100 
iron-deficient, 3 weeks 8 4.4 +04 113 
iron-deficient, 
1 day treated 8 44 +03 t13 





PMNs, polymorphonuclear granulocytes. 


IRON DEFICIENCY AND NEUTROPHIL FUNCTION 


0.12 














N.S. p< .005 
2.0 
We, 0.08 39 
QE 15 3% 
SÈ T 
E 4 
es TO 
o£ 10 38 
Og 20 
HO 0.04 3s 
>< Gsl 
F os 2a 
0 0 


1 d-treated 


untreated 
1 d-treated 
l untreated 


Fig 1. Myeloperoxidase activity and oxygen consumption 
after zymosan stimulation in 6 to 7 polymorphonuclear granulo- 
cyte (PMN) concentrates per group obtained from peripheral blood 
of 3 rats each in rats given an iron-deficient diet for 3 weeks, 
either saline treated (open bars) or iron treated (hatched bar). 
SEM is shown. 


oxidative burst of PMNs in iron-deficient rats. They did, 
however, find a significant depression with PMA activation 
after 6 weeks of the dietary regimens. Surprisingly, PMN 
cytochrome b, which is thought to be essential for the 
oxidative burst, ™” was normal in concentration.” 

The generation of an oxidative burst is normally initiated 
by phagocytosis, which is followed by activation of the 
pentose shunt with a concomitant production of NADPH. 
The NADPH is then oxidized to generate O,`, which 
initiates a sequence of steps that result in bacterial killing. 
Zymosan is a particulate activator that mimics the effect of 
bacteria and other invasive organisms. It consists of yeast cell 
walls and must be ingested by the PMN to generate an 
oxidative burst. In contrast, PMA is a soluble stimulus that 
does not require phagocytosis. Our finding of a decreased 
oxidative burst in response to zymosan, but not following 
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PMA, suggests that phagocytosis may have been a limiting 
factor. Also in accord with this hypothesis is the maintenance 
of normal O,~ production by PMN NADPH oxidase (Table 
4). Additional evidence that impaired phagocytosis might 
explain a decrease in the zymosan-activated oxidative burst 
is the observation by Moore and Humbert” that PMNs from 
iron-deficient rats show a slightly diminished phagocytosis of 
yeast cells (C albicans). The return to normal of the zymo- 
san-activated oxidative burst within | day of iron administra- 
tion might then indicate that such a mild defect in phagocy- 
tosis is rapidly reversed. 

Our finding that the mild impairment of the oxidative 
burst after zymosan activation was corrected | day after iron 
treatment is compatible with Chandra’s finding that NBT 
test in patients was normal 4 to 7 days after iron was given 
IM." In the study of Walter and colleagues, the abnormality 
in bacterial killing was partially improved after 3 to 5 days 
and was completely corrected 15 days after oral iron treat- 
ment.'® These results suggest somewhat slower recovery of 
the oxidative burst that might be due to the species differ- 
ence, duration of prior iron deficiency, methodology, or the 
route of iron administration. 

The pattern of PMN recovery in respect to MPO activity 
after iron treatment corresponds to the maturation of the 
primary granule. Reversal of deficient MPO production 
apparently takes place only in the early stages of PMN 
maturation, since recovery after iron treatment is not appar- 
ent until 5 days and not complete for 7 days. Kinetic studies 
of PMN maturation in the rat after in vivo labeling of the 
proliferating cells in the tibial bone marrow with CHithy- 
midine show that 3 days elapse before peak labeling occurs in 
released PMNs. MPO is synthesized during the early, 
mitotic stages of PMN maturation. The delay in reversal of 
MPO deficiency after iron treatment indicates that adequate 
iron must be present when the primary MPO-containing 
granules are produced and that correction of the deficit in 
MPO cannot take place at a later stage of cell maturation. 

Our results indicate that the PMN in the ID rat tends to 
preserve its most vital function for bacterial killing and to 
correct this abnormality rapidly with iron treatment. 
Whether the sequence of recovery is the same in ID patients 
remains to be determined by more detailed investigations 
during the first 2 weeks of therapy. 
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Cytosolic Free Calcium Levels in Sickle Red Blood Cells 


By Elizabeth Murphy, Lee R. Berkowitz, Eugene Orringer, Louis Levy, Scott A. Gabel, and Robert E. London 


In this study, we used a recently developed nuclear mag- 
netic resonance (NMR) technique to measure ionized cal- 
cium in sickle erythrocytes. The NMR technique, which 
involves °F NMR studies of a fluorinated calcium chelator 
quinMF, [2-(2-amino-4-methyI-5-fluorophenoxy)methy!-8- 
aminoquinoline-N,N.N’,N’-tetraacetic acid] provides a 
novel approach to the study of ionized calcium in erythro- 
cytes since the presence of hemoglobin precludes the use 
of fluorescent calcium indicators. The mean value for 
ionized calcium in oxygenated sickle erythrocytes was 
18 + 2 nmol/L (SE). Experiments with normal RBCs gave a 
mean value of 21 + 2 nmol/L (SE). After 1 hour of 
deoxygenation, mean values for ionized calcium in sickle 
erythrocytes did not increase as compared with values 
obtained under oxygen. To investigate whether deoxygen- 
ation stimulated endocytosis, sickle erythrocytes were 
deoxygenated for 1 hour in the presence of impermeant 


HERE IS A five- to tenfold elevation of total calcium in 
sickle erythrocytes as compared with normal RBCs, 
and isotopic calcium influx is increased in deoxygenated 
sickle erythrocytes, an effect that does not occur when 
normal RBCs are deoxygenated.’ Elevation of erythrocyte 
total calcium, if it is not sequestered, should contribute to the 
pathogenesis of sickling by activating K* specific channels in 
the cell membrane.** Activation of these channels would 
cause loss of K* and water, which in turn would enhance 
sickling because cell dehydration promotes the gelation of 
hemoglobin S.* Lew and colleagues’ recently demonstrated 
by electron-microprobe analysis that sickle erythrocytes have 
intracellular vesicles containing mmolar levels of calcium. 
Although these studies show that Ca’* is sequestered in 
sickle erythrocytes, they do not determine whether an 
increase in cytosolic free calcium (Ca?*) occurs in sickle 
erythrocytes either under basal conditions or during deoxy- 
genation. Indeed, recent studies of Bookchin and co-workers‘ 
reported indirect evidence for a transient increase in calci- 
um-induced K-channel in these cells. An indirect, nonkinetic 
method used to calculate Ca; levels in erythrocytes suggests 
that under basal conditions Ca?* levels in sickle and in 
normal erythrocytes do not differ significantly.’ Ca?* levels 
were not, however, measured during deoxygenation, a condi- 
tion that stimulates “Ca uptake in sickle erythrocytes.’ 
Furthermore, although Lew and colleagues’ demonstrated 
the presence of calcium-containing vesicles in sickle erythro- 
cytes, little is known about the formation of these vesicles 
and about the origin of the calcium contained within them. 
In the present study, using a nuclear magnetic resonance 
(NMR) technique that allows direct measurement of Ca?*, 
we determined a value of 18 + 2 nmol/L (SE) for ionized 
calcium in well-oxygenated sickle RBCs. This value does not 
differ significantly from values obtained with normal human 
erythrocytes. No increase in ionized calcium is found in 
sickle erythrocytes on deoxygenation. Moreover, deoxygena- 
tion of sickle erythrocytes leads to incorporation of an 
extracellular impermeant chelator of calcium, suggesting 
that deoxygenation stimulates endocytosis. In addition, by 
deoxygenating sickle erythrocytes that had previously incor- 
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FBAPTA (1,2 bis-(2-amino-5-fluorophenoxy) ethane 
N,N,N',N'-tetraacetic acid). Cells were then separated 
from the extracellular medium and assayed for the pres- 
ence of FBAPTA; they had incorporated significant quanti- 
ties of the extracellular FBAPTA. This incorporation was 
not observed with normal erythrocytes. These data are 
consistent with at least a portion of the elevation in total 
cell calcium in sickle erythrocytes arising as a consequence 
of an endocytotic process in which extracellular calcium 
ions are incorporated into vesicles. Additional experiments 
show that these intracellular vesicles accumulate Ca”? on 
further deoxygenation, consistent with a transient 
increase in ionized cell calcium. These studies represent 
the first use of NMR spectroscopy to evaluate endocytotic 
processes, 
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porated FBAPTA, we observed an increase in the calcium 
level in these vesicles, demonstrating dynamic Ca?” uptake 
by the vesicles on deoxygenation. 


MATERIALS AND METHODS 


Cell preparation. Samples were obtained from normal controls 
or patients with homozygous sickle ceil anemia who had not been 
transfused for a minimum of 6 months. The samples were drawn into 
heparinized-vacuum tubes and subsequently diluted in a modified 
saline solution containing (in mmolar): NaCl 132, MgSO, - 7H,0 
0.8, KCI 5.4, CaCl, 1.25, Hepes 5.0, adjusted to pH 7.4 with Tris 
base. The cells were then centrifuged at 1,000 g for 7 minutes, and 
the supernatant and buffy coat were removed. For measurement of 
Ca?*, cells were loaded with the fluorinated calcium chelator, 
quinMF, by incubating them at a hematocrit of 3% to 4% in the 
modified saline solution, with 50 pmol/L of the acetoxymethy! ester 
of quinMF (quinMF-AM) for 20 minutes at 37°C. The cells were 
then centrifuged at 1,000 g for 7 minutes and, after resuspension in 
the modified saline, were incubated for an additional 60 minutes to 
allow the cells to recover from the loading procedure. For the NMR 
studies, the cells were resuspended at a 40% hematocrit in modified 
saline. 

A byproduct of loading erythrocytes with quinMF-AM is formal- 
dehyde, which can inhibit the glycolytic enzyme glyceraldehyde 
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3-phosphate dehydrogenase as a consequence of an increased 
NADH/NAD ratio.’ This can lead in turn to ATP depletion. To 
ameliorate the effect of formaldehyde, Na pyruvate, 5 mmol/L, was 
added to the modified saline solution. Na pyruvate generates NAD 
through the enzyme lactate dehydrogenase so that the cells maintain 
normal ATP levels despite the presence of formaldehyde.* We 
previously showed that, in the presence of pyruvate, loading RBCs 
with a similar calcium chelator (FBAPTA) caused only a slight 
(<20%) fall in ATP.’ 

Measurement of Ca, Cytosolic free Ca?* (Ca?*) was measured 
by PF NMR spectroscopy’ using a newly described fluorinated 
calcium chelator, quinMF."' QuinMF has a much lower dissociation 
constant than any of the fluorinated chelators originally developed 
by Smith and co-workers,'® and it is therefore more useful for 
measuring Ca; in erythrocytes.'' The erythrocytes were suspended in 
a 20-mm NMR tube fitted with an air-driven stirrer to keep the cells 
in suspension and to facilitate oxygenation and deoxygenation.’ The 
cells were gassed with either 100% O, or 100% N,, resulting in no pH 
change with the Hepes-Tris buffer. Once inside the cell, the quinMF 
is in slow chemical exchange with Ca’*. This gives two peaks in the 
NMR spectrum, one arising from uncomplexed quinMF and 
another from Ca** complexed quinMF (Ca-quinMF). Ca?* can be 
calculated using the following equation: Caj* = Kp [Ca-quinMF]/ 
[quinMF]. 

Under conditions of nonsaturation or of equal saturation of both 
‘°F resonances, the concentrations of Ca-quinMF and quinMF are 
proportional to the area under their respective peaks. Peak area was 
determined by cutting and weighing. The previously determined Kp 
of 63 nmol/L was used.” The level of loading with quinMF was 
assessed by comparing the area of the quinMF and Ca-quinMF 
peaks to the area of a known concentration of the standard 
6-fluorotryptophan. These studies were performed on a Nicolet 
(Fremont, CA) NT-360 spectrometer using a 20-mm broad-band 
Nicolet probe. Observation was made through the decoupler coil, 
which was tuned to 339.7 MHz for the °F studies. The sample was 
shimmed on H,O, and we routinely obtained a (nonspinning) line 
width at half height of ~0.1 ppm. A 40° pulse angle, a 500-ys delay 
and a 127-ms acquisition time were used for these "°F studies. EGTA 
was added to correct for any extracellular calcium indicator (either 
FBAPTA or quinMF). Addition of excess EGTA will bind extracel- 
lular Ca?*; therefore, any extracellular chelator that is complexed 
will shift to the uncomplexed form.’ 

Estimation of cell lysis. The percentage of cell lysis was calcu- 
lated by measuring the hemoglobin (Hb) concentration in the 
supernatant and comparing this with the total cell Hb concentration. 
Hb concentration was measured spectrophotometrically at 540 
nm.” 

Materials. The methyl ester of quinMF was synthesized as 
described,'' and Molecular Probes (Junction City, OR) effected the 
conversion to the aceytoxymethyl ester of quinMF. The potassium 
salt of FBAPTA was purchased from Moiecular Probes. All other 
chemicals were obtained from Sigma. 


RESULTS 


We were initially interested in determining whether Ca?* 
levels increased in sickle erythrocytes particularly during 
deoxygenation. FBAPTA has been used previously" to 
measure Ca?* in erythrocytes. The accuracy of the Ca}* 
determination in erythrocytes is limited, however, due to the 
mismatch between the basal level of Ca?* and the binding 
constant of FBAPTA for Ca?*"'; thus, even for a 1 mmol/L 


loading of chelator, the signal of Ca~-FBAPTA corresponds 
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to <0.1 mmol/L. This leads to the further complication that 
at such low fractional levels of complexation, a small amount 
of cell lysis can lead to a large error in the calculated value of 
Ca?* due to erroneous inclusion of a contribution from the 
extracellular chelator complexed with extracellular Ca?* 
present at much higher levels. For these reasons, in this study 
we used a new fluorinated calcium chelator, quinMF, which 
has a lower dissociation constant for calcium (Kp = 63 
nmol/L). 

Figure 1, spectrum A (lower trace), shows a representative 
fluorine NMR spectrum of quinMF-loaded, oxygenated 
sickle erythrocytes. Based on data from eight similar experi- 
ments (corrected for extracellular quinMF) from seven 
different donors, cytosolic free Ca?* (Ca?*) values averaged 
18 + 2 nmol/L, a level not significantly different from a 
control value of 21 + 2 nmol/L obtained using quinMF to 
measure Ca?* in normal erythrocytes. Spectrum B shows the 
"°F spectrum following 30 minutes of deoxygenation. Figure 
1B shows an increase in the linewidth of the resonances, 
which is expected based on the paramagnetism of deoxy- 
genated hemoglobin.'* The increase in the ratio of Ca- 
quinMF to quinMF can reflect either an actual increase in 
the Ca?* level or the presence of extracellular calcium 
complexed quinMF secondary to cell lysis. The latter inter- 
pretation is suggested by the fact that the resonance corre- 
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Fig 1. ‘°F spectra of fluorinated calcium chelator 2-(2-amino- 
4-methyl-5-fluorophenoxy)}methyl-8-aminoquinoline-N,N,N’.N’-te- 
traacetic acid (quinMF)}-loaded sickle erythrocytes. (A) Spectrum 
shows oxygenated erythrocytes (5,000 acquisitions, 10-minute 
accumulation). Values for control Ca?* level were obtained from 
similar spectra that had been corrected for extracellular quinMF. 
The suspension was then deoxygenated with 100% N, for 30 
minutes and spectrum shown in (B) was accumulated for 10 
minutes under 100% N, (5,000 acquisitions). (C) Spectrum shows 
a 10-minute accumulation of the same deoxygenated cells to 
which 10 mmol/L of EGTA was added. 
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sponding to Ca-quinMF in Fig IB appears as a relatively 
sharp resonance superimposed on a broader resonance, 
potentially reflecting contributions from extracellular and 
intracellular Ca-quinMF, respectively. To distinguish fur- 
ther between these two possibilities, EGTA was added to the 
cell suspension and, as shown in spectrum 2C, the addition of 
EGTA slightly reduced the Ca-quinMF peak. Thus, the 
increase in the Ca-quinMF peak was due to an increase in 
extracellular quinMF. In eight experiments with EGTA used 
to correct for extracellular FBAPTA, Ca?* averaged 21 + 2 
nmol/L after deoxygenation. Similar experiments performed 
on FBAPTA-loaded sickle erythrocytes gave qualitatively 
similar results, consistent with the suggestion that deoxygen- 
ation does not significantly increase Ca?*. The levels of Ca?* 
under both basal conditions and deoxygenation are higher in 
FBAPTA-loaded cells than in quinMF-loaded cells, how- 
ever. Reasons for this difference are addressed in the Discus- 
sion section. 

During deoxygenation, a sample of cells was taken and 
fixed with a 0.2% solution of glutaraldehyde. Microscopic 
examination of 500 erythrocytes showed that >80% were in 
the sickled conformation. Using “-P NMR, we also con- 
firmed that deoxygenation of sickled cells caused no decrease 
in cell ATP (data not shown). Identical deoxygenation 
experiments were performed with quinMF-loaded normal 
erythrocytes. After deoxygenation, Caj* of normal erythro- 
cytes averaged 17 + 4 nmol/L (n = 3), a value not signifi- 
cantly different from either oxygenated normal or deoxy- 
genated quin MF-loaded sickle erythrocytes. 

We were also interested in investigating whether deoxy- 
genation stimulated formation of the intracellular vesicles 
observed by Lew and colleagues’ using electron-probe micro- 
analysis. To test this hypothesis, cells (that had not been 
loaded with the acetoxymethyl ester of FBAPTA) were 
incubated with the ionized form of FBAPTA, which cannot 
permeate the membrane. If deoxygenation stimulates endo- 
cytosis, FBAPTA, although impermeant, should be detected 
in the sickle erythrocytes. Results are shown in Fig 2. The 
initial spectrum, (Fig 2A), was taken with 10 mmol/L of 
FBAPTA and 6.0 mmol/L of CaCl, in the incubating 
medium, so that the ratio of CaFBAPTA/FBAPTA was 
1.5/1.0. The high ratio of signal to noise reflects the high 
concentration of FBAPTA and the large extracellular vol- 
ume. The cells were then deoxygenated for 1 hour at 37°C, 
washed twice in the modified saline solution at room air, and 
resuspended in the modified saline solution containing 1.25 
mmol/L of CaCl, (room air). The PE NMR spectrum (Fig 
2B) was then obtained. In this spectrum, both CaFBAPTA 
and FBAPTA peaks were present, although the ratio of the 
CaFBAPTA resonance to FBAPTA was larger than in the 
spectrum shown in Fig 2A. Because excess Ca was present 
extracellularly, the free FBAPTA peak must have been 
intracellular. To demonstrate further the presence of endocy- 
tosis as opposed to residual extracellular chelator, excess 
EGTA (20 mmol/L) was added to the incubation medium 
(spectrum shown in Fig 2C). EGTA shifted some but not all 
of the resonance intensity from the Ca-F BAPTA position to 
the free FBAPTA position, confirming that a fraction of the 
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Fig 2. Endocytosis of 1,2 bis-(2-amino-5-fluoraphe- 
noxy)ethaneN,NV,N’,N'-tetraacetic acid (FBAPTA) by sickle eryth- 
rocytes. Spectrum (A) shows sickle erythrocytes incubated with 
impermeant FBAPTA (10 mmol/L) plus sufficient extracellular 
calcium to give a ratio of CaFBAPTA/FBAPTA of 6/4. The suspen- 
sion was deoxygenated for 1 hour and then washed twice in 
modified saline. The celis were resuspended in modified saline 
containing 1.25 mmol/L of CaCl, and the spectrum {B} was 
accumulated. Excess EGTA (20 mmol/L) was then added and 
another spectrum (C) was accumulated. All spectra were 5,000 
acquisitions. CaB, CaFBAPTA; B, FBAPTA. 


FBAPTA was intracellular in the form of Ca-FBAPTA. The 
ratio of the resonance intensity of the FBAPTA peak in the 
spectrum shown in Fig 2B to that in spectrum A, indicates 
that 0.4% of the CaFBAPTA was sequestered intracellular- 
ly. Similarly, the ratio of the CaFBAPTA peak of the 
spectrum shown in Fig 2C to that of spectrum A was 0.6%. 
Similar results were obtained after three repetitions of this 
study. 

In Fig 3, using normal erythrocytes, spectra were obtained 
under conditions similar to those described for Fig 2. The 
cells were initially suspended in media containing 
10 mmol/L of FBAPTA with 8 mmol/L of CaCl, to give a 
ratio of CaFBAPTA/FBAPTA of 4/1 (Fig 3A). Subsequent 
toa l-hour period of deoxygenation and two washes, the cells 
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Fig 3. Endocytosis of 1,2-bis(2-amino-5-fluorophe- 


noxy)ethane N,N,N’.N-tetraacetic acid (FBAPTA) by normal eryth- 
rocytes. {A} Spectrum shows normal erythrocytes incubated with 
impermeant FBAPTA (10 mmol/L) plus sufficient extracellular 
calcium to give a ratio of CaFBAPTA/FBAPTA of 8/2. The RBCs 
were deoxygenated for 1 hour and then washed twice in modified 
saline. Spectra {B} and (C) were then accumulated with excess 
calcium and excess EGTA, respectively. All spectra were 5,000 
acquisitions. Ca-B, CaFBAPTA: 8, FBAPTA. 


were resuspended in modified saline containing 1.25 mmol/L 
CaCl, (Fig 3B). No resonance corresponding to free 
FBAPTA was observed. The addition of excess EGTA 
resulted in elimination of the CaFBAPTA resonance and the 
simultaneous appearance of the free FBAPTA resonance, 
consistent with the interpretation that all the FBAPTA was 
extracellular. Similarly, if oxygenated sickle erythrocytes are 
incubated with FBAPTA, incorportion of FBAPTA does not 
occur. 

The data presented suggest that on deoxygenation, endo- 
cytotic vesicles are formed that incorporate extracellular 
medium, thereby increasing total cell calcium. A final exper- 
iment was designed to test the possibility that deoxygenation 
causes small transient increases in intracellular calcium, 
which is actively pumped into and sequestered by endocy- 
totic vesicles. For this study, sickle erythrocytes were deoxy- 
genated in a medium in which the ratio of CaFBAPTA/ 
FBAPTA was adjusted to 1/15 (15 mmol/L of FBAPTA 
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with | mmol/L of CaCl,). After incorporation of 
CaFBAPTA/FBAPTA (1:15) into the vesicles, the cells 
were washed and resuspended in calcium-containing saline. 
The erythrocytes were then deoxygenated for a second time 
while '°F spectra were observed. The spectrum in Fig 4A 
shows the ratio of extracellular CaFBAPTA/FBAPTA pres- 
ent when the cells were sickled by deoxygenation for | hour. 
The cells were then washed twice and resuspended in saline 
containing 1.25 mmol/L of CaCl,. The spectrum shown in 
Fig 4B, obtained under oxygen, revealed a peak correspond- 
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Fig4. Calcium uptake into endocytotic vesicles during deoxy- 
genation. (A) Spectrum shows erythrocytes incubated with 15 
mmol/L of impermeant 1,2 b/s-(2-amino-5-fluorophenoxy)ethane 
AN.N.N-tetraacetic acid (FBAPTA) plus calcium to give a ratio of 
CaFBAPTA/FBAPTA of 1/15. Cells were deoxygenated for 1 hour, 
washed and resuspended in an oxygenated buffer containing 
excess extracellular calcium, and then spectrum B was accumu- 
lated. (C) Spectrum was accumulated after the cells were deoxy- 
genated for a second time (20 minutes) in the presence of Ca’*. 
Following addition of excess EGTA to the deoxygenated suspen- 
sion, spectrum shown in (D) was accumulated. Cells were then 
washed and resuspended in excess Ca**, and spectrum shown in 
{E} was obtained. 
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ing to uncomplexed FBAPTA despite the addition of 1.25 
mmol/L of CaCl, to the suspending medium. This finding 
indicates that FBAPTA was incorporated into the endocy- 
totic vesicle. The spectrum shown in Fig 4C, taken during a 
second deoxygenation period, shows that resickling caused 
an increase in the ratio of CaFBAPTA/FBAPTA to 1/1.5. 
In this second deoxygenation, we deoxygenated until we saw 
an increase in the CaFBAPTA peak; this time period (20 to 
40 minutes) varied from donor to donor. To confirm that this 
increase was due to Ca uptake into the vesicles and not to cell 
lysis and-subsequent leakage of FBAPTA into the extracellu- 
lar high Ca medium, we added excess EGTA. In the 
spectrum shown in Fig 4D, even with the FBAPTA concen- 
tration overestimated due to a pool of extracellular FBAPTA 
(in excess EGTA, extracellular FBAPTA would be uncom- 
plexed), the ratio of CaFBAPTA/FBAPTA increased. This 
was confirmed in the spectrum in Fig 4E, which shows the 
intravesicular ratio of FBAPTA/CaFBAPTA following 
washing and resuspension of the cells in modified saline. 


DISCUSSION 


NMR studies using fluorinated calcium chelators provide 
a novel approach to the direct measurement of ionized 
calcium in human erythrocytes.*'? The technique, originally 
described by Smith and co-workers’? and used to measure 
Ca?* in thymocytes, is based on the detection of two °F 
resonances corresponding to free and calcium-complexed 
intracellular chelator. Ionized Ca values, calculated using 
the area under the °F resonance peaks and the Kp of 
FBAPTA, range from 30 to 70 nmol/L for normal erythro- 
cytes.™* The principal limitation encountered arises from a 
small amount of cell lysis (1% to 3%), which results in 
FBAPTA\ in the extracellular medium. With CaCl, present 
in the incubating media, any extracellular FBAPTA will be 
entirely in the CaFBAPTA form, leading to an overestima- 
tion of the Ca-FBAPTA peak and thereby to an overestima- 
tion of the calculated level of Ca?*. Because FBAPTA has a 
Kp more than tenfold above basal Ca?* levels, the Ca- 
FBAPTA peak is less than one-tenth of the FBAPTA peak; 
therefore, small amounts of fluorinated chelator leakage 
produce a large percentage of increase in the Ca-FBAPTA 
peak. Because of these difficulties, we developed new fluori- 
nated calcium chelators with tighter calcium binding." 
QuinMF has a Kp of 63 nmol/L and, when loaded into 
normal erythrocytes, the calculated level of Ca?* ranges 
from 15 to 30 nmol/L." The Ca?* values calculated using 
FBAPTA are probably overestimated due to slight errors in 
the estimation of extracellular FBAPTA. 

Our experiments have used this NMR technique to inves- 
tigate calcium homeostasis in sickle erythrocytes. Total 
calcium measurements in sickle erythrocytes are substan- 
tially elevated as compared with those of normal erythro- 
cytes. The experiments of Lew and colleagues’ elegantly 
demonstrate that a considerable amount of Ca is sequestered 
in sickle erythrocytes. These data, however, do not provide 
information on whether an increase in Ca?* occurs during 
deoxygenation of sickle erythrocytes. Our studies show that 
Ca?" in well-oxygenated sickle erythrocytes is not signifi- 
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cantly different from values of Ca/* measured in normal 
erythrocytes. Thirty minutes of deoxygenation give a slight 
but not significant increase of Ca?* in sickle erythrocytes, 
although small transient elevations of Ca?* during deoxygen- 
ation could be missed, since we are signal-averaging for 10 
minutes. 

It is of interest to study the stimulus for the formation of 
these vesicles'® as well as to investigate the means by which 
these vesicles sequester Ca’*. Data presented in this article 
showing cellular incorporation of impermeant FBAPTA on 
deoxygenation suggest that these calcium-containing vesicles 
are formed by endocytosis of the cell membrane and that 
during endocytosis they envelop extracellular Ca**. Similar 
incorporation could not be demonstrated with cither oxygen- 
ated sickle erythrocytes or deoxygenated RBCs from normal 
control subjects, suggesting that only deoxygenation of sickle 
erythrocytes stimulates endocytosis. Incorporation of 
FBAPTA in sickle cells cannot be due to trapping of 
FBAPTA between the cells, since: (a) endocytosis could not 
be demonstrated in normal cells, and it has been shown that 
the trapped extracellular space is the same in comparisons of 
oxygenated normal and sickle cells or deoxygenated normal 
and sickle cells'’: and (b) the cells were washed twice, and a 
portion of FBAPTA was not shifted by addition of extracel- 
lular Ca?* or EGTA. 

Data presented also support the idea that intracellular 
vesicles can actively accumulate calcium. Such accumula- 
tion was demonstrated by deoxygenating sickle erythrocytes 
that had previously incorporated FBAPTA. When we 
resickle these cells that have incorporated FBAPTA, we 
observe a sufficient increase in the ratio of CaFBAPTA/ 
FBAPTA to indicate a 600% increase in calcium in these 
vesicles. These data suggest that deoxygenation stimulates 
Ca?* uptake into these intracellular vesicles, consistent with 
a transient increase in Ca. 

These studies indicate that despite the high total calcium 
that has consistently been observed in sickle RBCs the 
ionized calcium in the cytosol is not different from that of 
normal cells. Deoxygenation of sickle RBCs does increase 
calcium permeability and may result in a slight transient 
increase in Ca; but this excess calcium is rapidly pumped 
into and sequestered by intracellular, endocytotic vesicles 
and is pumped out of the cytoplasm by CaATPase. In this 
manner, such vesicles may have an important role in protect- 
ing the sickle erythrocyte from the adverse effects known to 
result from an increase in intracellular calcium. These 
studies leave open the possibility, however, that despite the 
capacity of the vesicles for calcium accumulation, brief 
transients may exist in intracellular calcium and activate a 
K* channel, leading to ion and water loss from the sickle 
erythrocyte. 
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FVIII Inhibitor IgG Subclass and FVIII Polypeptide Specificity 
Determined by Immunoblotting 


By Carol A. Fulcher, Sytske de Graaf Mahoney, and Theodore S, Zimmerman 


We used immunoblotting of purified factor VIII coagulant 
protein (FVIII) to localize FVII inhibitor epitopes in 76 
inhibitor plasmas to either the 92-kd FVII polypeptide (and 
its 54-kd and/or 44-kd thrombin fragments), the 80-kd 
polypeptide (and its 72-kd thrombin fragment), or both of 
these polypeptides. We also used immunoblotting to exam- 
ine the immunoglobulin class and subclass content of 12 
inhibitors with monoclonal antibodies specific for human 
IgG subclasses and IgM. Seven hemophilic (alloantibody) 
and five spontaneous (autoantibody) inhibitors contained 
IgG-1 and IgG-4 antibody; one of the spontaneous inhibitors 
also contained IgG-3. In one hemophilic inhibitor, the IgG-4 


HE FVIII coagulant protein (FVH) is a cofactor 
protein that promotes the enzymatic activation of fac- 
tor X by activated factor IX in the intrinsic blood coagula- 
tion pathway. FVIII circulates in blood as a complex with 
von Willebrand factor, a multimeric glycoprotein involved in 
platelet adhesion. The FVIII protein is absent or defective in 
individuals with hemophilia A, an X-linked, recessive bleed- 
ing disorder with a frequency of ~1 in 10,000 in the general 
population. Gene cloning data have shown that FVIII is a 
single-chain protein with a calculated mol wt of 264,763.' 
When the protein is purified from plasma, however, multiple 
FVIII fragments are obtained, due to its extreme sensitivity 
to proteolysis by thrombin and other enzymes during purifi- 
cation t” 

FYIH inhibitors are antibodies that neutralize the coagu- 
lant activity of FVH. Inhibitors arise as alloantibodies in 
~8% to 20% of individuals with severe hemophilia A in 
response to infusion of FVIII concentrates.’ Inhibitors can 
also arise spontaneously as autoantibodies either in normal 
individuals, or in those with certain other conditions, includ- 
ing immunologic disorders.’® The underlying basis for inhibi- 
tor development is unknown, and no entirely satisfactory 
approach to treatment currently exists. 

Many investigators have attempted to analyze the immu- 
noglobulin content of FVIH inhibitors with immunoneutrali- 
zation assays based on use of absorbed polyclonal antisera 
against human immunoglobulin classes and subclasses to 
neutralize the anti-F VIII activity of inhibitor antibodies in a 
coagulation assay. Several studies involved five or more 
patient samples in which both heavy and light chains were 
typed.''"'’ These and other data were summarized by Hoyer 
and colleagues!’ as follows. Most inhibitors were IgG, 
although a few IgM inhibitors were reported. Among the 
IgG subclasses, most inhibitors were IgG-4, often with at 
least one other heavy chain subclass. A few inhibitors were 
reported to be IgG-3 only, but none were only IgG-1 or 
IgG-2. The inhibitors contained either « or À light chains or 
both. Based on these data, most inhibitors were believed to be 
of a restricted polyclonal origin. 

In the studies reported here, immunoblotting of FVII 
with the inhibitor antibodies and the use of monoclonal 
anti-immunoglobulin antibodies allowed a direct, unambigu- 
ous demonstration of at least two immunoglobulin types in 
each inhibitor. In addition, differences between FVIII poly- 
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component reacted strongly with the 92-kd and 80-kd 
polypeptides, whereas the IgG-1 component reacted only 
minimally with the 92-kd polypeptide although its reactiv- 
ity with the 80-kd polypeptide was strong. Another hemo- 
philic inhibitor was affinity purified and subjected to quan- 
titative radial immunodiffusion, and the presence of igG-1 
and IgG-4 antibody was confirmed. We conclude that the 
inhibitors examined are not monoclonal but are probably of 
restricted polyclonal origin and that different IgG sub- 
classes in an inhibitor plasma can have different degrees of 
FVIII polypeptide reactivity. 
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peptide reactivity and IgG subclass were demonstrated in 
one individual. Although the immunoblotting technique is 
not quantitative and only inhibitor epitopes that are not 
destroyed in the immunoblotting process can be analyzed, it 
provides data important in the biochemical characterization 
of FVIH inhibitor antibodies and in the study of the immune 
response. 


MATERIALS AND METHODS 


FVIH purification and digestion with thrombin. FV was 
purified from commercial FVHI concentrate by immunoadsorbent 


chromatography“ and digested with thrombin“ as previously 
described. 
Inhibitor assay. Inhibition of FV HI coagulant activity by inhib- 


itor antibodies was measured in Bethesda units (BU) by the method 
of Kasper and co-workers." 

Electrophoresis. Samples of purified FVHI were dialyzed 
against sample buffer containing 0.01 mol/L of sodium phosphate, 
1% NaDodSO, and 10 mmol/L of disodium EDTA, pH 7.0, 
overnight at room temperature. Discontinuous NaDodSO, 7.5% 
polyacrylamide slab gel electrophoresis was performed as previously 
described.° The dialyzed FVII] was applied to the gel at ~4 ug per 
lane, without prior heating or reduction. 

Immunoblotting. Separated FVII} fragments were electropho- 
retically transferred onto nitrocellulose membranes as previously 
described,” except that 0.1% NaDodSO, was added to the transfer 
buffer. 
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Fig 1. Line diagram of a single-chain FVIII molecule with 


enzyme cleavage sites indicated above and below. Top: Purified 
FVIII is isolated as a series of polypeptides of 80 kd, 92 kd, and 
multiple higher mol wt polypeptides representing the amino termi- 
nal 92-kd portion with various carboxyl terminal cleavages into the 
midsection of the molecule. Bottom: Thrombin produces the 92-kd 
polypeptide and further cleaves it to 54 kd and 44 kd. Thrombin 
also produces the 72-kd fragment from its 80-kd precursor. The 
enzyme giving rise to the 80-kd polypeptide has not been identi- 
fied. These data are from published reports of FVIII gene cloning 
and protein biochemistry.'?* 


Processing of immunoblots. Nitrocellulose membranes contain- 
ing transferred FVIII fragments were incubated for 6 hours in 100 
mL of Blotto buffer [phosphate-buffered saline (PBS) containing 
5% nonfat dry milk] prepared according to Johnson and colleagues.” 
All incubations were done on a rotary shaker at room temperature. 
The membranes were then incubated overnight in 100 mL of Blotto 
buffer containing plasma samples (up to 2 mL, depending on titer) 
and protease inhibitors, both prepared as previously described." 

After incubation with plasma samples, the membranes were 
washed in 100 mL of PBS containing 0.05% Nonidet P-40 for 30 
minutes, with changes of buffer at 10 and 20 minutes. They were 
subsequently rinsed in Blotto buffer and then incubated for 2 hours 
in 100 mL of Blotto buffer with 10 L of ascites fluid containing 
monoclonal anti-human IgG-1, IgG-2, IgG-3, IgG-4, anti-x light 
chains, anti-\ light chains, or anti-lzM antibodies (ICN Immuno- 
Biologicals, Lisle, IL). The monospecificity of these monoclonal 
anti-human immunoglobulin class and subclass antibodies has been 
determined by the laboratories of Miles-Yeda, Rehovat, Israel, using 


FVIII Inhibitor 


al 


IgG-3 WG-4 x A 


KiU 


Anti- IgG-1 lgG-2 


FULCHER, MAHONEY, AND ZIMMERMAN 


an enzyme-linked immunosorbent assay (ELISA) assay with freshly 
prepared antigens. Membranes were then washed for 30 minutes, as 
above, in Blotto buffer. 

The FVII /inhibitor antibody/monoclonal anti-immunoglobulin 
antibody complexes were then visualized by incubation of the 
membranes for at least 30 minutes in 100 mL of Blotto buffer 
containing '**I-labeled, affinity-purified rabbit anti-mouse immuno- 
globulin antibody, followed by washing in Blotto buffer as above. 
After membranes were briefly rinsed in PBS, autoradiography was 
performed at —70°C as previously described.'* Film exposure times 
are indicated in Figs | through 3. 

Negative controls for the immunoblots consisted of electrophores- 
ing 2.5 wg of bovine serum albumin (BSA) in a lane adjacent to 
FVIII. Positive controls that demonstrated the reactivity of the 
monoclonal anti-human immunoglobulin antibodies with human 
immunoglobulins under these conditions consisted of substituting 
affinity-purified goat anti-human IgG, IgA, and IgM antibody for 
purified FVIII, as well as substituting normal human plasma for 
inhibitor plasma. Thus, immobilized goat anti-human immunoglob- 
ulin antibody was used to trap normal human immunoglobulins. 
This procedure was necessary because some of the monoclonal 
anti-human immunoglobulin antibodies did not react well with 
human immunoglobulins that were immobilized directly on nitrocel- 
lulose. 

Affinity purification of inhibitor antibody. Inhibitor antibody 
was purified directly from plasma by passage over a column of 
FVIII-Sepharose. The column was prepared by coupling | mg 
(2,000 U) of partially purified FVIII to ~1 mL of cyanogen 
bromide-activated Sepharose 4B (Pharmacia, Piscataway, NJ) 
according to the manufacturer's instructions. A 0.5-mL sample of 
inhibitor plasma was diluted to 4 mL in 0.02 mol/L of imidazole, 
0.15 mol/L of sodium chloride, pH 7.0, containing protease inhibi- 


Fig 2. Analysis of the IgG subclass and IgM content of a 
FVIII inhibitor (A in Table 2) as described in the Materials and 
Methods section. (A) Autoradiographs showing the reactiv- 
ity of the 80-kd FVIII polypeptide with monoclonal anti-IgG-1, 
anti-lgG-4, and anti-x light chain antibodies and its lack of 
reactivity with monoclonal anti-igG-2, IgG-3, À light chain and 
IgM antibodies. Film exposures were, from left to right, 4, 7, 
7, 4, 3, 7, and 2.5 days. (B) Autoradiographs showing the 
positive control corresponding to each immunobiot in the top 
panel as described in the Materials and Methods section. Film 
exposures were the same as above. 


FVIII INHIBITOR IgG SUBCLASS AND SPECIFICITY 


Fig3. immunoblots of four hemophilic and two spon- 
taneous FVIII inhibitors from Table 2 showing positive 
reactions for IgG-1, IgG-4, and (in one case) a weakly 
positive reaction for IgG-3. The 80-kd carboxyl terminal 
and 92-kd amino terminal polypeptides of FVIII are indi- 
cated (as in Fig 1). Inhibitors (described in Table 2 A, G, D, 
F, H, and!) and film exposure times are as follows: (A) Left 
to right: plasma A IgG-1 2 days and IgG-4 7 days (as in Fig 
2); plasma G IgG-1 7 days and IgG-4 8 days; plasma D 
IgG-1 7 days and IgG-4 2 days. (B) Left to right: plasma F 
IgG-1 7 days and IgG-4 7 days; plasma H IgG-1 7 days, 
IgG-3 14 days, and IgG-4 8 days; and plasma | IgG-1 8 days 
and IgG-4 7 days. 


tors and passed repeatedly over the column until 89% of the 
inhibitor activity (in BU) was adsorbed. 

After extensive washing of the column with the above buffer, 
inhibitor antibody was desorbed by two successive clutions with each 
of the following eluants: 3 mol/L of sodium thiocyanate in 0.05 
mol/L of sodium acetate, 0.1 mol/L of lysine, pH 5.5; 0.2 mol/L of 
HCI adjusted to pH 2.2 with glycine; and 0.05 mol/L of diethyl- 
amine, pH 11. Eluates were neutralized and then both dialyzed and 
concentrated on a Centricon 30 membrane (Amicon, Danvers, MA). 
Concentrated samples were then assayed for inhibitory activity 
(BU) and IgG content (see below). 

Quantitation of affinity-purified inhibitor IgG content by radial 
immunodiffusion. Commercially available radial immunodiffu- 
sion (RID) plates (ICN Immunobiologicals) were used to quantitate 
the IgG-1, IgG-2, IgG-3, and IgG-4 content of affinity-purified 
inhibitor antibody. The manufacturer's instructions were followed, 
except that the affinity-purified inhibitor (in buffer) was diluted 
with an equal volume of twofold concentrated sheep serum (provided 
by the manufacturer in lyophilized form), to maintain comparability 
with the human serum standards which were diluted in sheep 
serum. 


RESULTS 


FVII! polypeptide specificity of FVII inhibitors as deter- 
mined by immunoblotting. In a previous report," we used 
immunoblotting to localize FVIII inhibitor epitopes in 25 
FVIII inhibitor patients to either the 72-kd thrombin frag- 
ment of FVIII or the 44-kd thrombin fragment or both of 
these fragments. These two fragments are derived from the 
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80-kd and 92-kd precursor polypeptides, respectively (Fig 1). 
We extended our study to include 76 hemophilic and sponta- 
neous FVIII inhibitor patients, and the results are presented 
in Table 1. In all but two patients, the FVIII inhibitor 
epitopes were localized to either or both the 72-kd and 44-kd 
thrombin fragments. The two exceptions were hemophilic 
inhibitors with epitopes on both the 54-kd and 44-kd throm- 
bin fragments. These results extend the preliminary FVIII 
inhibitor epitope map" to include all fragments believed to 
be important to FVIII procoagulant activity.?*'*'’?* Most 
FVIII inhibitor epitopes, however, were restricted to the 
72-kd and 44-kd thrombin fragments. 

Due to the smaller number of spontaneous FVIII inhibitor 
samples tested, we cannot yet draw conclusions about possi- 
ble differences in the distribution of FVIII fragment specifi- 
cities between spontaneous and hemophilic FVIII inhibitors. 
Also, as indicated in Table 1, some immunoblots gave 
inconclusive data due to very weakly reactive inhibitors. This 


Table 1. Immunoblotting Analysis of FVIII Polypeptide Specificity 
of 54 Hemophilic and 22 Spontaneous FVIII Inhibitors 





72kd 54kd 
Inhibitor 72kd 44kd and44kd and44kd inconclusive Total 
Hemophilic 24 5 16 2 7 54 
Spontaneous 9 6 6 o 3 22 


Molecular weights (kd) of FVIII thrombin fragments containing inhibi- 
tor epitopes. 
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weak reactivity could result from loss of conformationally 
dependent epitopes during the immunoblotting process, low 
antibody titer, low-affinity antibodies, or technical reasons. 
In some cases, repeating the immunoblots was sufficient to 
resolve the uncertainty. In addition, 14 of the inhibitor 
plasmas we analyzed were identified by Hoyer and co- 
workers'® as being either type I or type H, based on their 
kinetics of FVIII inactivation. Type I inhibitors completely 
inactivate FVII] activity, whereas type H inhibitors do not.’ 
Among the ten type I and four type II inhibitors we studied, 
there was no clear correlation between type I or type II 
behavior and FVHI fragment specificity. 

Determination of inhibitor class and subclass by immuno- 
blotting. An example of the use of immunoblotting to 
analyze the immunoglobulin class and subclass composition 
of FVIII inhibitors is shown in Fig 2. This inhibitor (A in 
Table 2) was a high-titer inhibitor with epitopes on the 80-kd 
FVII polypeptide (and its 72-kd thrombin fragment). It was 
positive for IgG-1, IgG-4, and « light chains. Although the 
inhibitor was also weakly positive for IgG-2, IgG-3, and À 
light chains, this was not apparent after multiple photo- 
graphic reproductions. Due to the very weak nature of the 
reactions, these latter immunoblots were considered incon- 
clusive. The inhibitor was negative for IgM. Also shown in 
Fig 2 are the positive controls used in these experiments, 
indicating that all monoclonal anti-immunoglobulin antibod- 
ies were reactive with human immunoglobulins in this sys- 
tem. The monoclonal anti-[gG-2 antibody showed a weaker 
than expected positive control, however (based on the rela- 
tive amount of IgG-2 in plasma), and, in most subsequent 
immunoblots, the IgG-2 positive control was too weak to 
yield interpretable results. In addition, several inhibitors 
tested negative for both x and A light chains, resulting in a 
lack of reliable data for light chain typing. It is possible that 
light chain variants exist that lack the epitopes for these 
monoclonal antibodies. Therefore, immunoglobulin class and 
subclass determination using this technique was largely 
limited to the heavy chains of IgG-1, IgG-3, IgG-4, and 
IgM. 


Table 2. IgG Subclass Content of 12 FVII Inhibitor 
Plasmas as Determined by Immunoblotting 





Inhibitor FVH Titer IgG- 





Inhibitor Type Fragment (kd) (BU/mL) IgG-1 igG-2 igG-3 4 igM 
A HA 80 7,800 Pos — ~~ Pos Neg 
B HA 80 167 Pos Neg Neg Pos Neg 
c HA 92 5.3 Pos — Neg Pos Neg 
D HA 92 135 Pos — Neg Pos Neg 
E HA 92, 80 150 Pos Neg Neg Pos Neg 
F HA 92, 80 375 Pos — Neg Pos Neg 
G HA 92, 80 3,000 Pos — Neg Pos ND 
H SP 92 3,600 Pos — Pos Pos ND 
{ SP 92 500 Pos — Neg Pos ND 
J SP 92 58 Pos — Neg Pos Neg 
K SP 80 1,700 Pos — Neg Pos ND 
(2 SP 80 960 Pos — Neg Pos ND 





HA, hemophilia A; SP, spontaneous: Pos, positive; Neg. negative; —, 
inconclusive; ND, not determined; BU, Bethesda units. 
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IgG subclass composition and FVIH polypeptide specific- 
ity of seven hemophilic and five spontaneous FVII inhibi- 
tors as determined by immunoblotting. Table 2 and Fig 3 
summarize data on the IgG subclass composition of 12 FVIH 
inhibitors using this technique. Seven inhibitors were from 
severe, multitransfused hemephilia A patients and five were 
of the spontaneous type. The data in Table 2 show that all 12 
inhibitors were positive for both IgG-1 and [gG-4 antibodies. 
Of seven tested, none was positive for IgM. All except one of 
the inhibitors were negative for IgG-3. The exception was a 
spontaneously arising inhibitor (H in Table 2), that showed a 
weak, but positive reaction with the monoclonal anti-lgG-3 
antibody (Fig 3). As noted above, most data for IgG-2 were 
inconclusive. 

The IgG-1 and IgG-4 components of inhibitor F showed 
differences in the degree of reactivity with some of the FVHI 
polypeptides when immunoblotted and autoradiographed 
simultaneously (Fig 3). Although the IgG-1 component was 
strongly reactive with the 80-kd FVIII polypeptide, it 
reacted only minimally with the 92-kd polypeptide (and its 
higher mol wt precursors). In contrast, the IgG-4 component 
was strongly reactive with all polypeptides. This is the first 
evidence for differences between FVII] polypeptide reactiv- 
ity and IgG subclass. 

Affinity purification of a hemophilic FVII inhibitor and 
quantitation of the IgG subclass content by radial immu- 
nodiffusion. Inhibitor G in Table 2 was affinity purified 
from plasma by a one-step adsorption onto FVH I-Sepharose 
as described in the Materials and Methods section. Of 1,622 
BU applied to the column, 1,440 BU were bound, and 240 
BU (17% of bound) were recovered in the final concentrated 
pool. The IgG-1, IgG-2, IgG-3, and IgG-4 contents of the 
affinity-purified inhibitor were quantitated by RID against 
monospecific polyclonal anti-human IgG subclass antisera, 
as described in the Materials and Methods section. The 
affinity-purified inhibitor sample contained 8.8 ug of IgG-1 
and 11.6 ug of IgG-4. No IgG-3 was found and, as with the 
immunoblotting system, the results for [gG-2 were inconclu- 
sive due to weak positive controls. The quantitative RID 
results therefore confirmed the qualitative immunoblotting 
results, which showed that the inhibitor contained both 
IgG-1 and IgG-4 components. 


DISCUSSION 


Hoyer and colleagues’ noted the predominance of IgG-4 
in FVIII inhibitors, even though IgG-4 constitutes only ~4% 
of total serum IgG. Although the reason for this is not 
known, Hoyer and colleagues note that a predominantly 
IgG-4 response has been hypothesized by Aalberse and 
co-workers” to be associated with chronic antigenic stimula- 
tion. Aalberse and co-workers showed that in novice bee- 
keepers, the antibody response to the phospholipase A2 of 
bee venom shifts over time from an IgG-1 dominated 
response to an IgG-4 dominated response following repeated 
bee stings. These data provide an attractive hypothesis that 
FVIII inhibitors, particularly in multitransfused hemophil- 
iacs, would be characterized by an IgG-4-dominated 
response. Quantitation of IgG-1 and IgG-4 in patient G by 


FVIII INHIBITOR IgG SUBCLASS AND SPECIFICITY 


RID showed them to be present in nearly equal amounts. 
However, the low (17%) yield of purified inhibitor IgG raises 
the possibility that only a selected population of the total 
inhibitor content may have been isolated, and it may not 
represent the actual relative amounts of IgG subclases 
present. 

Previous FVIII inhibitor subtyping data based on immu- 
noneutralization assays compiled from many laboratories 
Suggested that approximately half of FVII inhibitors were 
IgG-4 only and half were IgG-4 plus at least one other heavy 
chain subclass." In only one report”? did six of seven inhibi- 
tors tested by immunoneutralization assay contain both 
IgG-1 and IgG-4. The immunoblotting data presented here 
clearly show that in each of the 12 inhibitor plasmas tested, 
both IgG-1 and IgG-4 antibody were present, suggesting that 
the occurrence of IgG-1 antibody in FVIH inhibitors may be 
a more general phenomenon than previously thought. 

The immunoblotting data also show that in each of the 12 
inhibitor plasmas tested, the restriction of FVII epitopes to 
the 80-kd FVIII polypeptide, the 92-kd polypeptide, or both 
of these polypeptides was maintained by each IgG subclass 
analyzed. Analysis of inhibitor F, however, showed that 
differences in FVIII polypeptide reactivity between IgG 
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subclasses in the same individual are possible. In this inhibi- 
tor both the IgG-1 and IgG-4 components reacted equally 
well with the 80-kd polypeptide, whereas the lgG-4 compo- 
nent reacted much more strongly with the 92-kd polypeptide 
than did the IgG-1 component. 

The spontaneous, autoantibody inhibitors showed an IgG 
subclass composition similar to that of hemophilic alloanti- 
bodies, although the only inhibitor found to contain lgG-3 in 
addition to IgG-1 and IgG-4 was of the spontaneous type. It 
seems likely that, as previously suggested,'* FVIII inhibitors 
are of a restricted polyclonal, or oligoclonal origin. The 
present data, however, cannot rule out the possibility that 
some of these inhibitors might be biclonal (composed of two 
monoclonal antibodies) in origin. Further investigation of the 
number of FVIII epitopes for these inhibitors should help to 
answer this question. 
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Protein C Inhibits Endocytosis of Thrombin-Thrombomodulin Complexes in 
A549 Lung Cancer Cells and Human Umbilical Vein Endothelial Cells 


By Ikuro Maruyama and Philip W. Majerus 


We investigated the effect of protein C on the endocytosis 
of thrombin-thrombomodulin complexes. We previously 
showed that exposure of umbilical vein endothelial celis to 
thrombin stimulated the internalization and degradation of 
thrombin. A similar internalization was stimulated by a 
monoclonal antithrombomodulin antibody. We have 
repeated these studies in the presence of protein C and 
found that endocytosis of '*I-thrombin-thrombomodulin 
complexes, but not '*|-antithrombomodulin-thrombomod- 
ulin complexes, is inhibited. Activated protein C did not 
inhibit endocytosis of thrombin-thrombomodulin complex- 


APID PROTEIN C activation by thrombin depends on 
the endothelial cell surface protein, thrombomodulin.'? 
Thrombin binds to thrombomodulin in a 1:1 complex that 
catalyzes protein C activation.>* Previously, we found that 
exposure of cultured human umbilical vein endothelial cells 
or A549 human lung cancer cells to thrombin decreased 
thrombomodulin on the cell surface, suggesting that inter- 
nalization of thrombin-thrombomodulin had occurred. The 
internalized '**I-thrombin was degraded in the cells, and 
thrombomodulin reappeared on the cell surface after 30 
minutes, implying the recycling of thrombomodulin.* From 
these observations, we proposed that the uptake and degra- 
dation of thrombin bound to thrombomodulin on the endo- 
thelial cell surface may stop protein C activation and provide 
a mechanism for clearance of thrombin from the circulation. 
Our previous results indicated that within 30 minutes of 
exposure to thrombin, all active thrombin—-thrombomodulin 
complexes were cleared from the surface of A549 cells. This 
result was in apparent conflict with the original study of 
Esmon and Owen’ who showed a linear rate of protein C 
activation for at least | hour when thrombin and protein C 
were incubated with human umbilical vein endothelial cells. 
We studied endocytosis of thrombin-thrombomodulin com- 
plexes in the presence of protein C to resolve this apparent 
conflict, and found that protein C, but not activated protein 
C, inhibits the endocytosis of thrombin~thrombomodulin 
complexes both in human umbilical vein endothelial cell 
cultures and in A549 cell cultures. 


MATERIALS AND METHODS 


Materials were obtained from the following sources: Medium 199 
(M199) and fetal calf serum (FCS) from KC Biological (Lenexa, 
KS); penicillin, streptomycin, and L-glutamine from GIBCO Labo- 
ratories (Grand Island, NY); carrier-free '*I-sodium iodide from 
Amersham (Arlington Heights, IL); tissue culture flasks and centri- 
fuge tubes from Corning Glass Works (Science Products, Corning, 
NY); and Falcon Labware (Becton Dickinson, Oxnard, CA); Clus- 
ter 24-, 48-dish wells from Costar (Cambridge, MA); and protein 
A-Sepharose from Pharmacia Fine Chemicals (Piscataway, NJ). 
All other chemicals were reagent grade products of Sigma Chemical 
(St Louis) or Fisher Scientific (Pittsburgh). Protein Cf and throm- 
bin’ were of human origin and isolated as indicated. Protein S from 
human plasma was provided by Dr Koji Suzuki (Mie University 
School of Medicine, Tsu, Japan). The proteins were homogeneous as 
judged by sodium dodecyl sulfate-polyacrylamide gel electrophore- 


Blood, Vol 69, No 5 (May), 1987: pp 1481-1484 


es. Protein C inhibited both internalization and degradation 
of '751-thrombin and diisopropylphosphory! (DIP) '*i-throm- 
bin in human lung cancer cells (A549). These effects were 
observed at protein C concentrations found in human 
plasma. Protein S had no effect on the inhibition of endocy- 
tosis of thrombin-thrombomodulin complexes by protein 
C. We propose that protein C may regulate the rate of 
endocytosis of thrombin-thrombomodulin complexes in 
vivo and thereby control the capacity for endothelium to 
activate protein C. 

© 1987 by Grune & Stratton, ine. 


sis. Protein concentrations were determined using the Bio-Rad 
protein assay (Bio-Rad Laboratories, Richmond, CA) with bovine 
serum albumin (BSA) as standard. Monoclonal antithrombomodu- 
lin antibody was produced as described previously.’ Antithrombo- 
modulin monoclonal IgG (designated IgG-TM) was isolated from 
ascites using protein A-Sepharose.’ Protein C was fully activated by 
thrombin, and the activated protein was subsequently isolated.” 

Protein iodination. IgG-TM (7,000 to 20,000 cpm/ng) and 
thrombin (1,000 to 2,000 cpm/ng) were labeled with *T-iodine by a 
modified chloramine T procedure.’ Protein was separated from free 
iodide on a Sephadex G-25 column. The specific activity in a 
coagulation assay of the a-thrombin used was ~2.200 NIH U/mg of 
protein. lodinated thrombin was treated with diisopropyl fluorophos- 
phate (DFP) as described previously.’ Unreacted DFP was removed 
by gel filtration on a column of Sephadex G-25. 

Cell cultures. Human umbilical vein endothelial cells were 
prepared by the method of Jaffe and co-workers.” A human lung 
cancer (A549) cell line was obtained from the American Type 
Culture Collection. Cells were grown in 6- to 16-mm multiwell plates 
using M199 containing 20% FCS, 2 mmol/L of glutamine, 100 
U/mL of penicillin, and 100 ug/mL of streptomycin in a 5% CO, 
atmosphere at 37°C. Cell number was determined using a Coulter 
Counter model F (Coulter Electronics, Hialeah, FL}! 

Binding studies. Confluent monolayers of human umbilical vein 
endothelial cells in 10-mm culture wells were washed three times 
with 0.14 mol/L of NaCl, 0.004 mol/L of KCI, 0.001 mol/L of 
phosphate buffer, pH 7.4, 0.011 mol/L of glucose containing 0.2% 
BSA (henceforth referred to as wash buffer). Binding studies were 
carried out in reaction mixtures containing M199 supplemented 
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with 2.5 mg/mL of ovalbumin and 10 mmol/L of Hepes, pH 7.4 
(thrombin-binding medium) for '*I-thrombin binding, or M199 
containing 5 mg/mL of BSA and 50 wg/mL normal human IgG 
(lgG-TM binding buffer) for '%I-lgG-TM binding in a total 
volume of 0.3 mL. After incubation of cells with '* I-labeled protein, 
the cells were washed rapidly five times with cold (0°C) wash buffer. 
The washed monolayers were solubilized in 0.5 mL of buffer 
containing 15% glycerol, 2% sodium dodecyl sulfate (SDS), 75 
mmol/L of Tris-HCl (pH 6.8), and 2 mmol/L of EDTA (cell- 
solubilizing buffer). The solubilized cell solution was assayed for 
radioactivity in a Biogamma H scintillation counter (Beckman 
Instruments, Fullerton, CA). Specific binding was determined by 
measuring the difference in cell-bound radioactivity with and with- 
out 100-fold excess unlabeled ligand. The cell-bound radioactivity 
with an excess amount of unlabeled ligand was considered nonspe- 
cific and was subtracted from the total binding. Nonspecific binding 
was 20% to 40% of total binding using '™I-thrombin and 10% to 25% 
of total binding using '*I-lgG-TM. In experiments in which endocy- 
tosis and degradation of thrombin were measured, bound thrombin 
was estimated as that displaced by unlabeled thrombin, degraded 
thrombin was estimated as TCA soluble radioactivity in the 
medium, and internalized thrombin was that not displaced by 
unlabeled thrombin after 60 minutes at 4°C. 


RESULTS 


Inhibition by protein C of the endocytosis of thrombin- or 
diisopropylphosphoryl (DIPj-thrombin-thrombomedulin 
complexes in human umbilical vein endothelial cells. We 
previously showed that thrombomodulin disappears from the 
surface of human umbilical vein endothelial cells after 
5-minute exposure to thrombin. Cell surface thrombomodu- 
lin was estimated by measuring the binding of '*I-IgG-TM 
at various times after exposure of cells to thrombin. We 
repeated this experiment with and without protein C, as 
shown in Fig 1. Exposure of human umbilical vein endothe- 
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Fig 1. Inhibition of the endocytosis of thrombin- (A), or 
diisopropylphosphory! (DIP)-thrombin-thrombomodulin complex 
{B} in human umbilical vein endothelial cells. Monolayers of human 
umbilical vein endothelial cells were washed three times with 
wash buffer, then exposed to 8 nmol/L of unlabeled thrombin or 
DIP-thrombin for 5 minutes at 37°C. The monolayers were washed 
once with wash buffer at 0°C, and '**1-igG-TM binding medium was 
added with (@—-®) or without (O——O) 0.12 umol/L of protein C. 
At the times indicated, '*I-lgG-TM (17 nmol/L) was added and 
after a 5-minute incubation at 37° bound ‘*1-igG-TM (15,000 
cpm/ng) was determined as described in the Materials and Meth- 
ods section. Nonspecific binding was 6,000 cpm/ well; total binding 
before exposure to thrombin was 37.000 and 36,000 cpm/ well. 
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lial cells to thrombin or DIP-thrombin for 5 minutes resulted 
in a 50% decrease in cell surface thrombomodulin at 45 
minutes, with some return of thrombomodulin to the cell 
surface by 65 minutes. With 0.12 wmol/L of protein C, 
however, the decrease in cell surface thrombomodulin did not 
occur. The inhibition of endocytosis was similar using either 
active or inactive (DIP) thrombin, suggesting that protein C 
activation was not required to produce this effect. The results 
shown are from one of five similar experiments. Next, we 
repeated this experiment comparing the effect of activated 
protein C to protein C; only the latter inhibited endocytosis of 
thrombomodulin, as shown in Table 1. The effect of varying 
protein C concentration on the inhibition of endocytosis is 
also shown in Table 1, We achieved maximal inhibition at 
0.12 umol/L of protein C, which is approximately twice the 
plasma concentration of this factor in humans. In other 
experiments, we found no greater inhibition of endocytosis at 
protein C concentrations of up to 2 wmol/L. Similarly, 
activated protein C was tested over a range of O to 2 umol/L 
without effect in 14 experiments. We also added protein S at 
1 to 4 wmol/L with varying concentrations of protein C (0 to 
0.06 mol/L) to determine whether this protein would 
modify the ability of protein C to inhibit endocytosis. No 
effect of protein S was observed. 

Effect of protein C or activated protein C on IgG- 
TM-induced decrease of thrombomodulin molecules on 
human umbilical vein endothelial cells. Monoclonal anti- 
thrombomodulin IgG, designated IgG-TM, also induces a 
decrease in thrombomodulin molecules on endothelial cells.’ 
As shown in Fig 2, exposure of human umbilical vein 
endothelial cells to IgG-TM resulted in the reduction of 
thrombomodulin molecules or the cell surface. The decrease 
in surface thrombomodulin was greater than that induced by 
thrombin or DIP-thrombin. Reappearance of thrombomod- 


Table 1. Effect of Protein £ or Activated Protein C on 
Thrombin-induced Endocytosis of Thrombomodulin in 
Human Umbilical Vein Endothelial Celts 








Agent Thrombomodulin (%)* 
Protein € (umol/L)} 
0 60 
0.03 70 
0.06 77 
0.12 99 
Activated protein C 
0.06 61 
0.12 63 





Confluent monolayers of human umbilical vein endothelial cells {1 x 
10°) were washed three times with wash buffer and were then exposed 
to 8 nmol/L of unlabeled thrombin for 5 minutes at 37°C. The 
monolayers were washed once with cold wash buffer, and '7*1-lgG-TM 
binding medium containing O to 0.12 umol/L of protein C or activated 
pratein C was added and incubated another 15 minutes at 37°C. Then 
the monolayers were incubated with '°I-lgG-TM (15,000 cpm/ng) (11 
nmol/L} for 60 minutes at 4°C, and bound 81 1gG-TM was deter- 
mined. 

*The 100% control value for cell surface thrombomodulin (thrombo- 
modulin molecules on the cell surface before exposure to thrombin) was 
44,000 molecules per cell. 
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Fig 2. Thrombomodulin endocytosis on human umbilical vein 
endothelial celis after exposure to lgG-TM. Monolayers of human 
umbilical vein endothelial cells were washed three times with 
wash buffer, then exposed to 25 nmol/L of unlabeled IgG-TM for 5 
minutes at 37°C. The monolayers were washed once with wash 
buffer at 0°C, and "*}-IigG-TM binding medium was added with (O) 
or without (@} 0.1 umoi/L of protein C or activated protein C (a). 
At times indicated, '*1-igG-TM (25 nmol/L) was added, and after a 
5-minute incubation at 37°C, bound “*I-igG-TM (7,500 cpm/ng} 
was determined. Nonspecific binding in this experiment was 6,500 
cpm. Total bound before exposure to unlabeled igG-TM was 
23,000 cpm/ weil. 


ulin molecules on the cell surface was also delayed and 
occurred over 3 hours. Neither protein C nor activated 
protein C inhibited lgG~TM-induced endocytosis of throm- 
bomodulin. This experiment was performed six times with 
similar results. These results suggest that protein C only 
inhibits endocytosis of the thrombin-thrombomodulin com- 
plex. 

Effect of protein C on the time course of binding, internal- 
ization, and degradation of '¥I-DIP-thrombin in A549 
cells. We investigated the effect of protein C on the time 
course of binding, internalization, and degradation of '*I- 
DIP-thrombin in A549 Cells at 37°C, as shown in Fig 3. At 
each incubation period, monolayers were washed with cold 
wash buffer, and fresh thrombin-binding medium (300 uL) 
containing 100 nmol/L of unlabeled DIP-thrombin was 
added and incubated at 4°C for an additional 60 minutes. 
TCA soluble radioactivity from the first incubation medium 
reflects degraded '*1-DIP-thrombin, and displaced radioac- 
tivity by unlabeled excess DIP-thrombin in the second 
incubation reflects cell surface bound '*1-DIP-thrombin. As 
shown in the top panel of Fig 3, there was no significant 
difference in surface-bound '*I-DIP-thrombin in experi- 
ments with or without protein C. '*1-DIP-thrombin degra- 
dation (middle panel) and '°1-DIP--thrombin internalization 
(bottom panel), however, were significantly inhibited by the 
addition of protein C. Next, we investigated the inhibition of 
endocytosis and degradation of '*°I-DIP-thrombin at varying 
protein concentrations, as shown in Fig 4. In this experiment, 
A549 cell monolayers were incubated with or without various 
amounts of protein C and 2.5 nmol/L of '*I-DIP-thrombin 
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Fig 3. Binding, endocytosis, and degradation of 'I-diisopro- 
pytphosphory! (DIP)-thrombin in A549 cells at 37°C with or with- 
out protein C. Monolayers of A549 cells were incubated with 
thrombin binding medium (300 uL) containing 7"1-DIP-thrombin (8 
nmol/L) with or without 0.12 umol/L of protein C at 37°C. At the 
times indicated, the monolayers were washed with cold wash 
buffer, and fresh thrombin binding medium (300 uL} containing 100 
nmol/L of unlabeled DIP-thrombin was added, The monolayers 
were incubated at 4°C for an additional 60 minutes. After each 
incubation period, the total amount of surface '*t-DIP—thrombin 
(A), internalized I-DIP-thrombin (B), and '"I-DIP-thrombin deg- 
radation products in the medium (C) was determined as described 
in the Materials and Methods section. O-——-O, minus protein C; 
@—@. with protein C. 


for 4 hours. Protein C inhibited endocytosis and degradation 
of '5]-DIP-thrombin but not the binding to the cell surface. 
There was 40% to 70% inhibition of endocytosis and degra- 
dation at the highest concentration of protein C used. 


DISCUSSION 


In this study, we investigated the effect of protein C or 
activated protein C on thrombin-, DIP-thrombin-, or IgG- 
TM-induced endocytosis of thrombomodulin in cultured 
human umbilical vein endothelial cells and in A549 human 
lung cancer cells. Protein C, but not activated protein C, at 
physiological concentrations inhibited thrombin or DIP- 
thrombin-induced endocytosis of thrombomodulin and sub- 
sequent degradation of thrombin or DIP-thrombin on 
human umbilical vein endothelial and A549 cells. [gG-TM 
also induced endocytosis of cell-surface thrombomodulin in 
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Fig 4. Inhibition of endocytosis and degradation of '**- 


diisopropylphosphory! (DIP)~thrombin in A549 cells at 37°C by 
increasing amounts of protein C. Monolayers of A549 cells were 
incubated with thrombin binding medium (300 uL) containing the 
indicated concentration of protein C and 8 nmol/L of '*1-DIP- 
thrombin (2,000 cpm/ng) at 37°C. After 4 hours of incubation, 
medium was removed by washing three times with cold wash 
buffer, and fresh thrombin binding medium (300 uL) containing 100 
nmol/L of unlabeled DIP-thrombin was added. The monolayers 
were incubated at 4°C for an additional 60 minutes, after which the 
total amount of surface '*l-DIP-thrombin (@), internalized I- 
DIP-thrombin (O), and *|-DIP-thrombin degradation products in 
the original medium [A} were determined as described in the 
Materials and Methods section. The 100% contro! values for 
surface-bound, internalized, degraded ‘1-DiP-thrombin in the 
absence of protein C were 11,000, 15,500, and 9,000 molecules 
per cell, respectively. 


human umbilical vein endothelial cells and A549 cells, but 
protein C did not inhibit this reaction. Protein S, a potentia- 
tor of the activity of activated protein C in the inactivation of 
coagulation factors Va and VIHa,*"' had no effect on the 
protein C inhibition of endocytosis of thrombomodulin. The 
physiological significance of the finding that protein C 
inhibits thrombin-induced endocytosis of thrombomodulin in 
vitro remains uncertain. On the basis of our findings, we 
propose that protein C in situ may serve to regulate throm- 
bin-induced endocytosis of thrombomodulin. When throm- 
bin is formed in intravascular sites near endothelium, the 
subsequent formation of thrombin-thrombomodulin com- 
plex on endothelial cells tends to inhibit procoagulant reac- 
tions of thrombin’ and lead to protein C activation. The 
activated protein C formed may then combine with protein S, 
bind to another site on endothelium where factors Va and 
Villa are inactivated, and thereby inhibit fibrin formation 
and act as a local anticoagulant." Once protein C is depleted 
locally, endocytosis of thrombin—thrombomodulin complex 
and subsequent degradation of thrombin may occur. Thus, 
endocytosis of thrombin—-thrombomodulin and regulation of 
this process by protein C may provide a control mechanism 
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for the thrombin-thrombomodulin system on the endothelial 
cell surface. The recent discovery that bovine thrombomodu- 
lin is similar in structure to receptors that undergo endocyto- 
sis in coated pits lends additional credence to the hypothesis 
proposed here.“ 
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Binding and Internalization of Recombinant Human Erythropoietin 
in Murine Erythroid Precursor Cells 


By R.A. Mufson and T.G. Gesner 


Erythropoietin (EPO) biosynthetically labelled with [*S]cys- 
teine was produced from Chinese hamster ovary (CHO) 
cells containing amplified copies of human EPO cDNA. The 
glycosylated recombinant [*S]EPO, purified to virtual 
radiochemical homogeneity, was biologically active. We 
studied the interaction of this labeled recombinant EPO 
with erythroid precursor cells from mice made anemic with 
phenylhydrazine. The [°°S]-labeled molecule bound to 
erythroid precursors in a time- and temperature-depen- 
dent manner. The binding was specific for EPO, and neither 
insulin, transferrin, epidermal growth factor, nor multipli- 
cation stimulating activity could compete for EPO binding 
sites. In the presence of 0.2% sodium azide, which blocks 
80% to 90% of internalization, the recombinant molecule 


HE MAJOR regulator of mammalian erythropoiesis is a 
glycoprotein called erythropoietin (EPO). This hor- 
mone is believed to be synthesized by cells in the kidney, 
where its production is controlled by the blood oxygen 
tension.’ The erythropoietin released from the kidney inter- 
acts with erythroid precursor cells to stimulate their survival, 
growth, and differentiation. Investigation of the mechanism 
of action of EPO has been hindered both by the limited 
availability of the pure hormone and by the fact that 
iodination causes the loss of biological activity.’ The lack of 
radiolabeled EPO that is biologically active has especially 
hindered studies of the interaction of erythropoietin with its 
target cells. Recently, however, specific and saturable high- 
affinity EPO binding sites on Friend virus-transformed 
mouse erythroblasts were detected using EPO labeled by 
carbohydrate tritiation.’ 

We have reported the cloning of a full-length human EPO 
cDNA and expression of the biologically active recombinant 
hormone from mammalian cells.* The recombinant molecule 
has the same in vivo and in vitro properties as the naturally 
occurring protein purified from the urine of patients with 
aplastic anemia.* The availability of genetically engineered 
mammalian cells producing high levels of fully glycosylated 
recombinant EPO allows production of biologically active 
radiolabeled EPO by cellular biosynthesis using, for exam- 
ple, [*S]labeled amino acids. In this article, we report the 
use of [*S]cysteine-labeled recombinant human EPO to 
investigate the binding of EPO to anemic mouse erythroid 
precursors accumulated during phenylhydrazine-induced 
anemia. Previous work by Krantz and Goldwasser was 
restricted to extrinsically labeled protein and to virally 
transformed cells.? Our data demonstrate that EPO binds to 
saturable high-affinity sites and moves from the cell mem- 
brane into the cell interior. Finally, we compare the interac- 
tion of [!1]-labeled recombinant EPO with cells to that of 
[$S] internally labeled EPO and suggest that iodination may 
specifically affect the internalization step. 


MATERIALS AND METHODS 


Preparation of erythroid precursor celis. F, generation female 
mice from a C57BL x C3H cross (Jackson Labs, Bar Harbor, ME), 
(aged 6 to 8 weeks) were made anemic by phenylhydrazine injec- 
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bound with an apparent K, of 750 pmol/L and 100 to 200 
binding sites per cell at 37°C. Asialo-EPO was a more 
effective competitor than sialated EPO for the available 
binding sites. Thus, the enhanced biological specific activ- 
ity of asialo-EPO could result from its enhanced binding 
affinity. We also studied recombinant human EPO labeled 
with I and found that it also bound to the erythroid cells 
in a saturable and specific manner. After 90 minutes of 
incubation at 37°C, most of the bound ["S]EPO was inter- 
nalized, whereas most of the ['‘*IJEPO remained on the cell 
surface. The reduced internalization of the iodinated mole- 
cule could account for the previously reported functional 
deficit associated with iodination. 

© 1987 Grune & Stratton, Inc. 


tions.’ Three to 5 days after the last injection, the animals were killed 
by cervical dislocation, and the enlarged spleens were aseptically 
removed and teased apart in nucleoside-free @-medium supple- 
mented with penicillin and streptomycin, (a+ P/S) (GIBCO), The 
resulting crude suspension was passed through 18-g and 21-2 needles 
(Becton Dickinson) to produce a uniform single-cell suspension. The 
few remaining clumps were permitted to settle out, The supernatant 
was centrifuged at 600 g for 5 minutes. The pellet was suspended in 2 
mL of NH,CI-Tris buffer to lyse mature erythroid cells osmotically, 
diluted to 15 mL with a+P/S, and recentrifuged for 5 minutes at 
600 g. The cells were finally suspended in a+P/S+ 20% fetal bovine 
serum, 0.1 mmol/L of 8-mercaptoethanol (binding medium) at a 
density of 1 to 4 x 10° cells/mL. The resulting cells are 90% 
erythroid precursors.” 

Specific binding assays. The assay for specific binding of radio- 
labeled EPO to erythroid precursors was essentially that of Krantz 
and Goldwasser. In brief, EPO (200 to 500 pmol/L) was added in 
binding medium to a 96-well U-bottom tissue culture plate (Costar, 
Cambridge, MA). Cells were added such that the final volume per 
assay was 100 uL. Incubations were performed for 90 minutes at 
37°C in a 5% CO, atmosphere unless otherwise noted. Ice-cold 
phosphate-buffered saline (PBS) (100 pL) was then added, and the 
entire plate was transferred to an ice-water bath, The contents of 
each well were layered over 350 uL of fetal bovine serum (FBS) and 
centrifuged in a Fisher microfuge for | minute. After quick freezing 
at —70°C, the tips of the microfuge tubes were cut just above the 
pellets. Pellets were solubilized in 0.1% sodium dodecyl sulfate 
(SDS) (500 uL) and counted for 15 minutes in 10 mL Aquasol-2 
(New England Nuclear). Assays for nonspecific binding were run in 
which the assay mixture contained a 100-fold excess of unlabeled 
EPO. The radioactivity bound in the assays with excess unlabeled 
EPO was considered nonspecific and was subtracted from the total 
binding to yield the specific binding. Assays for both total and 
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nonspecific binding were always conducted m duplicate. The range 
for replicates for each datum point used was <10% of the mean. 

Epidermal growth factor, insulin, transferrin, and multiplication 
stimulating activity were obtained commercially from Sigma Chem- 
icals (St Louis). 

Assay for EPO internalization. To discriminate surface-bound 
EPO from internalized EPO, the widely used low pH/salt method 
was used.”* In brief, the cells centrifuged through the FBS cushion 
in the binding assay were resuspended in 0.05 mol/L of glycine-HCI 
buffer pH 3.0 containing 0.15 mmol/L of NaCl and were incubated 
at 0°C for 5 minutes. The cells were thea centrifuged, and the 
solubilized pellets and supernatants were counted. Inhibitors of 
oxidative phosphorylation are as effective as incubation at 0°C in 
inhibiting receptor ligand internalization. In cells in which internali- 
zation had been blocked with sodium azide, >90% of radioactivity 
was released by washing cells with low pH/salt buffer. All the 
released radioactivity was TCA precipitable; thus, the low pH 
released undergraded EPO. Washing azide-treated cells with pH 7.4 
did not release any radioactivity. These data are consistent with 
experiments on release of other ligands.** The supernatant radioac- 
tivity therefore represents surface-bound ligand, and cell-associated 
radioactivity represents internalized ligand. In experiments in which 
{"S]-labeled EPO was used, cell pellets were solubilized with 0.1% 
SDS; in experiments in which (’*I]EPO was used, cell pellets were 
counted directly. 

Biosynthetic labeling with “S. A line of Chinese hamster ovary 
cells (CHO) containing highly amplified copies of the human EPO 
cDNA and selected for high levels of functional EPO expression was 
used. Development of such CHO cells and the structure of the 
expression vectors used has been described previously.”’° The cells 
were grown attached to T-125 cell-culture flasks until they were 90% 
confluent. They were then rinsed with PBS and placed in cysteine- 
deficient Dulbecco’s medium containing 0.5 mCi/mL of [°S]cys- 
teine (New England Nuclear, Boston). The cells were permitted to 
synthesize and secrete [*S]EPO for a 6-hour period. The condi- 
tioned medium was collected, and the [°S]EPO was purified from 
this medium." The purified EPO was >95% radiochemically pure as 
determined by polyacrylamide gel electrophoresis (PAGE). 

The mass of [**S]-labeled hormone was determined by radioim- 
munoassay (RIA) using a nonradioactive recombinant EPO stand- 
ard, whose mass was determined by amino acid analysis, and rabbit 
polyclonal antibody made against purified CHO-expressed EPO. 
The radiospecific activity was comparable to that determined by the 
self-displacement assay.'? The [°°S]-labeled hormone had a specific 
biological activity of 250,000 U/mg of protein as determined in the 
Krystal bioassay? (further details of biological specific activity are 
given in the Discussion section). 

lodination of EPO. {'*I]-Labeled EPO was prepared by the 
chloramine T method.'? EPO (700 ng) was iodinated in 0.5 mol/L of 
sodium phosphate pH 7.4 with | mCi of [I] and 40 ug of 
chloramine T (final reaction volume is 125 uL). After a 1-minute 
incubation at room temperature, 240 ug of sodium metabisulfite and 
1 mg of KI was successively added (final mixture volume 475 uL). 
The reaction mixture was then immediately applied to a column of 
PD10 resin (Pharmacia), and the protein peak from this column was 
applied to a Sephadex G-100 column. The EPO peak from this 
column was collected. 

Preparation of asialo-EPO. Purified recombinant human EPO 
was acid-desialated using conditions previously described by Gold- 
wasser and colleagues.’* In brief, the hormone was heated at 80°C 
for 30 minutes with 30 mmol/L of HCI to remove essentially all the 
sialic acid. 

Biological activity of °S and ['°1JEPO. {%S]EPO (50 mU) and 
[*1]EPO were assayed in the Krystal ceil proliferation assay.° 
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Assay results revealed that the [*S]EPO had the expected biological 
activity but that the ['*I]EPO had <10% of the expected activity, 


RESULTS 


Careful determination of the specific activity of the [°S]- 
labeled EPO was necessary to measure the binding charac- 
teristics of our recombinant EPO to erythroid precursor cells 
accurately. A self-displacement analysis? comparing the 
binding of increasing amounts of labeled EPO and the 
competition of a fixed amount of labeled EPO with increas- 
ing concentrations of unlabeled EPO is shown in Fig 1. The 
analysis yielded a specific activity of 150 to 250 cpm/fmol. 
This specific activity was sufficient to allow binding studies 
using ~10’ spleen erythroid cells per assay. 

Figure 2 shows the binding of EPO to erythroid precursor 
cells at 37°C. Specific binding reached a plateau by 60 
minutes, whereas nonspecific binding continued to rise in a 
linear fashion during the entire course of the experiment. At 
10°C binding was much slower and never reached the levels 
obtained at 37°C (data not shown). Experiments performed 
at 0°C showed that EPO binding was further reduced; in 
addition, over several hours cell clumping was observed. The 
specific binding at 0°C was so low and the cell clumping so 
severe that it was no: possible to conduct quantitative 
binding studies at this reduced temperature. Table | shows 
that of a variety of polypeptide growth factors tested only 
EPO could quantitatively compete for binding to normal 
erythroid precursors. As shown in Table 1, specific binding 
usually represented 60% of the total binding. 

Because it was necessary to do binding experiments at 
37°C to obtain sufficient amounts of specifically bound 
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Fig 1. Self-displacement analysis of ["S]-labeled erythropoie- 


tin (EPO). Increasing amounts of [*°S]EPO were added to anemic 
mouse spleen cells in one assay set (C). In the other assay set, 
increasing amounts of amino acid-analyzed Chinese hamster ovary 
(CHO}-expressed EPO were added to 2 x 10° cpm of [*S]}-labeled 
EPO (@). Each assay set contained 1.6 x 10’ cells. inset shows total 
radioactivity added to the binding system plotted against the 
corresponding mass of EPO, using several points at which the 
ratios of bound to free were the same. 
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Fig 2. Time-course of specific binding of [*S]erythropoietin 
(EPO) to mouse spleen erythroid precursors. [“S]tabeled EPO 
(167 pmol/L) was incubated with 2.2 x 10’ anemic mouse spleen 
cells in cell culture medium and incubated at 37°C. At the indicated 
time, specific binding of EPO was measured as described in the 
Materials and Methods section. Total binding (O); nonspecific 
binding {O} specific binding (A). Each point is the mean of 
duplicate determinations. Similar results were obtained in two 
different experiments. Vertical bars represent range of values for 
each mean. 


[SSJEPO molecules to analyze binding isotherms accurate- 
ly, experiments were performed with 0.2% azide. Inhibitors 
of oxidative phosphorylation block receptor internalization 
as well as incubation at 0°C.® Table 2 shows that this 
concentration of sodium azide blocked internalization of 
[°S]EPO by 80% to 90%. Figure 3 shows the binding 
isotherm at 37°C with 0.2% azide and a Scatchard transfor- 
mation of the data. Because the small amount of residual 
internalization could affect the binding equilibrium, we 
emphasize that our binding constants should be considered 


Tabie 1. Growth Factor Competition for EPO Binding Sites 








Competitor P®SJEPO cpm Bound 
None 849 
EPO 331 
EGF 879 
insulin 866 
Transferrin 824 
Multiplication - 814 


Stimulating activity 





Binding assays were performed as described in the Materials and 
Methods section. Assays were performed using either [S}abeled 
erythropoietin (EPO) or (*°S}labeled EPO plus a 100-fold excess of cold 
growth factor. Results are presented as total counts per minute of 
[F S]EPO bound. The experiment was repeated twice with similar 
results. 
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Table 2. Effect of Sodium Azide on EPO Internalization 


Internatized Specifically 
Bound [**S]JEPO 








Addition 





Control 
Sodium azide (0.2%) 








Mouse erythroid precursor cells were preincubated either with or 
without sodium azide for 60 minutes at 37°C. Cells were then incubated 
with [°°S]erythropoietin (EPO) for 90 minutes at 37°C. Assays were 
performed using either labeled EPO or labeled EPO plus a 100-fold excess 
of unlabeled EPO to determine specific binding. At the end of the 
incubation, cells were pelleted through a fetal bovine serum cushion and 
washed in pH 3.0/0.15 mol/L of sodium acetate buffer, Low pH washed 
celis were then centrifuged and counted for radioactivity. 


apparent. In two separate experiments performed in dupli- 
cate, the apparent mean K, was 750 pmol and the number of 
binding sites per cell was 100 to 200. The difference between 
the Ka and the concentration required for half-maximal 
biological activity could indicate that only a very small 
amount of receptors must be occupied to achieve activation 
of the cells. 
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Fig 3. (A) Effect of increasing {*Slerythropoietin (EPO) con- 


centration on specific binding to anemic mouse spleen cells. 
Increasing concentrations of [*S]EPO were incubated with 10” 
anemic mouse spleen cells at 37°C for 90 minutes with 0.2% 
sodium azide. At the end of the incubation period, specific binding 
was determined as described in the Materiais and Methods 
section. (B) A Scatchard transformation of the data is also shown. 
Each point is the mean of duplicate determinations. The experi- 
ment was repeated twice with similar results. 
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Goldwasser and colleagues'* reported that asialo-EPO has 
a greater in vitro activity than the fully sialated molecule. 
We used acid-desialated recombinant human EPO to con- 
firm the increased biological activity of asialo-EPO. The 
mass of sialo and asialo-EPO added was determined by RIA. 
In preliminary experiments, 0.5 ug of EPO was subjected to 
acid desialation (30 mmol/L of HCI, 80°C, 30 minutes) and 
another 0.5 ug was heated to 80°C for 10 minutes as a 
control. The RIA measured 0.5 ng/mL for both the control 
sialated material and the acid-desialated material. The sialo- 
EPO was more effective in stimulating cell proliferation on a 
molar basis in the spleen cell proliferation assays (Fig 4). It 
was therefore of interest to compare the binding of sialo- and 
asialo-EPO with erythroid precursor cells. Figure 5 shows 
that with increasing concentrations of unlabeled competitor, 
the asialo-molecule was a more effective competitor for EPO 
binding sites than the fully sialated EPO. Thus, an increased 
affinity of the asialo-molecule for the EPO receptor could 
account for its increased in vitro biological activity. 

Although the ['“I]EPO does not possess biological activi- 
ty,’ there are no reports of ['I]EPO binding activity toward 
erythroid precursor cells. We therefore investigated the 
binding of '*I recombinant EPO that had been iodinated 
with the chloramine T method. Goldwasser showed that the 
chloramine T reaction itself does not alter the biological 
activity of EPO, but the actual addition of the bulky "I atom 
ablates the biological activity.? This material, however, still 
cross-reacts with antibodies to native EPO.’ The specific 
activity of the iodinated molecule used in these experiments 
was 3,000 to 4,000 cpm/fmol, as determined by self- 
displacement analysis. Figure 6 shows that the ['*1]-labeled 
EPO binds to anemic mouse spleen cell precursors in a 
time-dependent manner and the binding is specific. Binding 
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Fig 4. Bioassay of sialatəd v asialo-erythropoietin (EPO). 
increasing concentrations of either sialated (@®) or asialo (O) 
recombinant EPO were added to the Krystal bioassay system" 
using anemic mouse spleen cells. Following 18 hours of exposure 
to EPO, cells were pulsed with [ H]thymidine, and incorporation of 
radioactivity into DNA was determined. Assays were performed in 
triplicate, and the experiment was performed twice with similar 
results. 
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Fig 5. Comparison of sialated and asialo-erythropoietin (EPO) 


for competition at EPO binding sites. Sialated and asialo-EPO were 
prepared as described in the Materials and Methods section. 
Incubation mixtures contained 3.1 x 10’ cells, increasing concen- 
trations {3 to 1.000 pmol/L) of the EPO preparations, and 140 
pmol/L [*°S]-labeled EPO. Cells were incubated for 90 minutes and, 
at the end of incubation, specific binding was determined. At each 
concentration of competitor, percentage of competition was cal- 
culated using the following equation: percentage of competition = 
total binding minus counts bound in the presence of a given 
concentration of competitor divided by total binding and multiplied 
by 100. Competition with sialated EPO (@): competition with 
asialo-EPO {O}. The experiment was performed twice with similar 
results. 
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Fig 6. Specific binding of iodinated erythropoietin (EPO) to 


anemic mouse spleen erythroid precursor celis. [‘*IJEPO (460 
pmol/L) was incubated with 10’ spleen celis for increasing 
amounts of time at 37°C. At the indicated times, cells were 
harvested and specific binding was determined as described in the 
Materials and Methods section. Total binding (@}; specific binding 
(A); nonspecific binding (O). The experiment was performed twice 
with similar results. 
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Table 3. Subcellular Distribution of [*°S]- and ['**1]-Labeled 
EPO Bound to Mouse Erythroid Precursor Cells 








Ratio of Surface to Internalized 
Specifically Bound EPO 








Labeled EPO Exp. 1 Exp. 2 Exp, 3 
S/t s/t S/I 
['*I]EPO 4.0 4.0 2.8 
[7 S]EPO 0.43 0.35 0.59 


Mouse erythroid precursor cells were incubated for 90 minutes at 
37°C with either ['*t]erythropoietin (EPO) or [° S]EPO. Assays were 
performed using either labeled EPO or labeled EPO plus a 100-fold excess 
of unlabeled EPO to determine specific binding. Cells were then pelleted 
through a fetal bovine serum cushion and washed in pH3.0/0.15 mol/L 
of sodium acetate buffer. Cells were again centrifuged, and the wash 
supernatants and all pellets were counted for radioactivity. Counts in the 
wash supernatant are from the cell surface (S) and those in the pellet are 
internalized (1). 


experiments were also conducted using increasing concentra- 
tions of iodinated EPO. Scatchard transformations of bind- 
ing isotherms from two different experiments (data not 
shown) allowed calculation of an apparent dissociation con- 
stant of 1.7 nmol/L and 165 binding sites per cell. 

A number of polypeptide hormones are internalized after 
they interact with their receptors.°’ We were therefore 
interested in the subcellular distribution of labeled EPO after 
its binding to erythroid precursors. We compared the distri- 
bution of radioactivity (surface v internalized) on the cells 90 
minutes after binding at 37°C using the low pH salt wash 
method.** Internalization studies comparing the distribution 
of [SHEPO with [°S]EPO showed that the ratio of 
surface-bound/internalized EPO differed by tenfold be- 
tween [*S]- and ['*l]-labeled hormone (Table 3). The 
[>S]EPO appeared to be mainly internalized, whereas the 
iodinated hormone was found almost exclusively on the cell 
surface. Three different experiments produced the same 
result. Therefore, the iodinated molecule appears to bind to 
erythroid progenitor cells, but the iodine moiety appears to 
interfere with the internalization phenomenon. 


DISCUSSION 


These studies showed that normal erythroid precursor 
cells have high-affinity saturable binding sites for EPO. The 
number of binding sites and the affinity constants are lower 
than that observed in the virus-transformed erythroid pre- 
cursors using human urinary EPO, possibly because Krantz 
and Goldwasser’ calculated specific activity from counts per 
minute per unit of biological activity, assuming 70,000 
U/mg of protein for purified human urinary EPO. Our 
analysis indicates that purified recombinant EPO has an in 
vitro specific biological activity of 250,000 U/mg of protein. 
This difference in specific biological activity could account 
for the difference in binding affinity and receptor number 
between our data and previously published results.’ The viral 
transformation of the cells used by Krantz and Goldwasser’ 
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could also contribute to the difference in number of binding 
sites. The small number of EPO receptors on erythroid 
precursor cells is similar to that for G-colony-stimulating 
factor (CSF) binding sites on granulocytes from marrow (50 
to 500 sites/cell),'* and CSF-2a binding sites on a bone 
marrow cell line (400 sites/cell).'’ Thus, low receptor num- 
ber may be characteristic of hematopoietic growth factor 
receptors. 

The availability of a binding assay using intrinsically 
labeled recombinant EPO has allowed examination of the 
effect of sialic acid residues on the interaction of EPO with 
its target cells. Goldwasser and colleagues'* and Schooley™ 
reported that removing the sialic acid residues from EPO 
causes a significant increase in its activity in vitro. We 
confirmed that recombinant EPO that has been desialated 
also has greater biological activity, on a molar basis, than 
does sialated recombinant EPO. In addition, we showed that 
asialo-EPO is a more effective competitor for EPO binding 
sites than is the sialated molecule. These studies were also 
confirmed using biosynthetically produced asialo-EPO 
expressed in a CHO cell variant that does not sialate 
glycoproteins (unpublished observations). Thus, the asialo- 
EPO probably has a higher affinity for the EPO receptor 
than does the fully sialated molecule. If the target cell 
membrane is negatively charged, a molecule carrying a 
cluster of anionic groups may be inhibited in its ability to 
interact with the cells. The asialo-hormone would have easier 
access to the receptor. These data are consistent with the 
behavior of desialated human gonadotrophins. Thus, desial- 
ated human luteinizing hormone and chorionic gonadotro- 
phin show increased binding affinity for rat testes mem- 
branes and enhanced in vitro biological activity.” 

('°1]-Labeled EPO bound to erythroid cells with charac- 
teristics similar to those of the [*S]-labeled molecule. The 
iodinated EPO, however, was only poorly internalized as 
compared with the [*S]-labeled molecule, and most of the 
bound factor remained on the cell surface. The poor internal- 
ization of the ['*I]-labeled molecule may contribute to its 
lack of biological activity; however, other possibilities cannot 
be excluded.” Further comparisons of ['*1]-labeled EPO to 
the intrinsically labeled molecule might contribute to an 
understanding of the mechanism of action of EPO. 

These results demonstrate that recombinant human EPO 
interacts with erythroid precursor cells in terms of binding 
and biological activity as well as natural human EPO. It is 
therefore reasonable to begin to consider the possible clinical 
uses of purified recombinant EPO. These data should be 
helpful in developing recombinant human erythropoietin for 
clinical use in appropriate anemias. 
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Human Monoclonal Antibody Against Rh(D) Antigen: Partial Characterization 
of the Rh(D) Polypeptide From Human Erythrocytes 


By Christian Bloy, Dominique Blanchard, Patrick Lambin, Dominique Goossens, Philippe Rouger, 
Charles Salmon, and Jean-Pierre Cartron 


A human monoclonal anti-Rh(D) antibody produced by an 
Epstein-Barr virus (EBV)-transformed B-cell line (IgG,(X). 
clone H2D5D2) has been purified on protein A-Sepharose 
column and used for binding studies and immune precipita- 
tion of the blood group rhesus (Rh) antigens. Scatchard 
plot analyses show that the ‘I-labeled antibody (iodo-gen 
procedure), binds to 1.09 x 10°, 0.43 x 10°, and 0.32 x 10° 
antigen sites on each D--/D--, R?R? and R'R' RBC, respec- 
tively, with an association constant of ~0.6 x 10° mol/L™'. 
immune precipitation studies indicate also that the Rh(D) 
antigen of the Rh(D)-positive RBCs is carried by a 29 kd 
polypeptide as deduced from sodium dodecyl sulfate- 
polyacrylamide gel electrophoresis (SDS-PAGE). No mate- 
rial could be precipitated from Rh(D)-negative or Rhu 
RBCs. These results indicate that the monocional and the 
polyclonal human anti-Rh(D) behave similarly. A sample 
(Blo. presumed genotype R’r or R°R?) showing an 
increased number of antigen sites (0.76 x 10°/cell) and a 
high binding constant (5.7 x 10° mol/L~') was used, as 


LUCIDATION of the chemical nature of the blood 
group Rhesus (Rh) antigens is of primary interest since 
these antigens are highly immunogenic in humans and are 
frequently involved as targets of antibodies produced in 
hemolytic disease of the newborn and autoimmune hemolytic 
anemia.’ Until now, however, attempts to purify the Rh 
antigens have been unsuccessful, presumably because they 
are restricted to higher primate and human erythrocytes and 
are present in relatively small number on the RBC mem- 
brane.** In addition, considerable evidence shows that the 
Rh antigens belong to cysteine-containing polypeptides 
requiring lipid association for full activity”'° and that the Rh 
antigenic expression can be modulated by altering the choles- 
terol-phospholipid content of erythrocyte membranes.'"'? 

Recently, the Rh(D) antigen was shown to be associated 
with an integral membrane protein of 28- to 33-kd apparent 
mol wt'*! presumably devoid of carbohydrates” but tightly 
bound to the RBC membrane skeleton." Interestingly, 
some rare individuals (Rhan and Rh) whose RBCs are 
characterized by the absence of, or a severe reduction of all 
the Rh antigens (D, C, c, E, e, and others)'*"? have a mild 
hemolytic anemia, stomatocytosis, and reticulocytosis.°” 
This suggests that Rh-deficient RBCs exhibit a membrane 
defect? and that Rh antigens might represent the first 
example of a blood group structure needed for preserving 
normal RBC function. 

Obviously the development of monoclonal antibodies 
directed against Rh structures will provide new tools to study 
these antigens, as well as potential reagents for diagnostic 
purposes and prophylaxis of Rh hemolytic disease. To date, 
only a few examples of human monoclonal antibodies to 
Rh(D) antigen have been reported.” We recently pro- 
duced such an antibody from a highly stable Epstein-Barr 
virus (EBV)-transformed human B cell line, and this 
reagent was used for study of Rh antigens and purification of 
the Rh(D) polypeptide from human RBCs. 
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well as D--/D-- RBCs, for further purification of the 29-kd 
component. Extraction by Triton X-100 (0.1% to 5%) of the 
immune complexes formed between the membrane-bound 
Rh(D) antigens and the monoclonal antibody as well as a 
direct quantitative estimate of the 29-kd component, sug- 
gest that the Rh(D) polypeptide is loosely bound to the 
skeleton, since <80% can be solubilized from the mam- 
brane. In similar conditions, glycophorin A showed a slight 
association with the Triton-insoluble residue, whereas 
glycophorin B was easily and completely extracted. In 
contrast, both the minor RBC sialoglycoproteins, glycopho- 
rin C and glycoprotein y, remained predominantly bound to 
the membrane skeleton. The purified Rh{D) polypeptide 
obtained from Blo. and D--/D-- RBCs by immunoprecipita- 
tion and preparative gel electrophoresis was homogenous 
as judged by SDS-PAGE. Amino acid composition indicated 
that the Rh(D) protein contained sulfhydryl groups which 
are essential for biological activity. 

e 1987 by Grune & Stratton, Inc. 


MATERIALS AND METHODS 


Materials. Reagent grade chemicals were used throughout. 
Protein A-Sepharose CL 4B (2 mg/mL of gel) was obtained from 
Pharmacia (Uppsala, Sweden) and Staphylococcus aureus absor- 
bent was obtained from Miles- Yeda (Naperville). lodo-gen (1 .3.4,6- 
tetrachloro-3a-6a-diphenylglycoluril) was bought from Pierce 
(Rockford, IL). '‘“INa (625 MBg/ug of iodine} was from the 
Radiochemical Centre (Amersham, Bucks, England). Triton X-100 
and bovine serum albumin (BSA) were purchased from Serva 
(Heidelberg, FRG) and from Sigma Chemicals (St Louis), respec- 
tively. Dibutylphthalate and dis-2-ethy!l-hexylphthalate were 
obtained from Fluka (Buschs, Switzerland). Red cells from donors 
of known Rh genotype (rr, R'R', R?R?, R’r”) and from donor Blo. 
(probable genotype R’r or RÝR") were collected at the Centre 
National de Transfusion Sanguine (Paris, France). Rare RBCs 
(D--/D--, Gou.; Rh, amorphic type, Fri.) were obtained from the 
Centre National de Référence sur les Groupes Sanguins (Paris) and 
were stored in liquid nitrogen until used. 

Purification of the human anti-Rh{D) monoclonal anti- 
body. The human monoclonal anti-Rh(D) antibody [IgG,(A}]} was 
produced by an EBV-transformed cell line (H,;D,D, clone) obtained 
from the B lymphocytes of an immunized donor.” The monoclonal 
antibody was purified from the cell culture supernatant by protein 
A-Sepharose chromatography essentially as described.” The tenfold 
concentrated supernatant (YM10 membrane, Amicon, Danvers, 
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MA) was equilibrated in 100 mmol/L of sodium phosphate, 150 
mmol/L of NaCl, pH 8.0, and was applied to a 10 mL of protein 
A-Sepharose column at room temperature and sequentially eluted at 
pH 6.5 (100 mmol/L of sodium phosphate, NaCl 150 mmol/L) and 
at pH 4.5 (100 mmol/L of sodium acetate buffer). The IgG, 
molecules were finally eluted with 100 mmol/L of glycine, pH 2.8, 
and quickly neutralized using a 100 mmol/L Tris solution. Biologi- 
cal activity of the preparation was checked by a direct agglutination 
test performed with 50 uL of a 3% (vol/vol) papain-treated RBC 
suspension and 50 uL of the immunoglobulin fractions serially 
diluted in 150 mmol/L of NaCl. Purity of the material obtained was 
controlled by PAGE in nonreducing conditions” and gel permeation 
ona TSK G3000 SW column (LKB, Bromma, Sweden) developed at 
100 uL/mn in Tris acetate 20 mmol/L, pH 7.2, 150 mmol/L of 
NaCl. 

Binding of labeled anti-Rk{D) to human erythrocytes. The 
purified monoclonal anti-Rh(D) (500 pL, 1.5 mg/mL) was I- 
labeled by the iodo-gen procedure as described below, with 7.4 MBq 
'SINa at room temperature. Free iodine was eliminated by gel 
filtration on a Sephadex G-25 column (15 x 1.5 cm) equilibrated in 
phosphate-buffered saline (PBS) (10 mmol/L of phosphate buffer, 
pH 7.2, 150 mmol/L of NaCl). The IgG fraction eluted in the void 
volume was used for the binding experiments. More than 95% of the 
material was trichloroacetic precipitable with a specific activity of 
7.4 kBq/ug of protein. Binding studies to RBCs were carried out in 
0.4-mL polypropylene microcentrifuge tubes essentially as described 
by Briles and colleagues.” Fifty microliters of PBS containing 1.5 x 
10° cells was incubated, in duplicate, with 0.017 to 6 ug of I- 
labeled anti-Rh(D) and 2% (wt/vol) BSA for | hour at room 
temperature. The RBCs were then washed once in PBS containing 
2% (wt/vol) BSA and further separated from unbound anti-Rh(D) 
molecules by the addition of 100 uL of oil (dibutylphthalate/ 
bis-2-ethyl-hexylphthalate, 3/1, by vol) followed by centrifugation 
of the tubes. Bound radioactivity was determined by counting the 
pellet in a LKB y counter (model 1274). Estimation of the number of 
antigen sites of each cell and the association constant for the 
anti-Rh(D) was calculated according to Scatchard.” 

immune precipitation and purification of the Rh{D} pro- 
tein. Immune precipitation of Rh (D) antigen from ‘I-labeled 
Rh-positive RBC membranes was performed essentially according 
to Gahmberg. Fifty microliters of packed cells were suspended in 1 
mL of PBS and labeled with 9.25 MBq '“INa using iodo-gen coated 
on plastic flasks (100 ug per flask) as oxidizer.” The labeled cells 
were washed in PBS and mixed with 50 uL of unlabeled carrier 
packed cells. Membranes were prepared according to Steck and 
Kant,” washed once with PBS (this treatment removed protein band 
6), and incubated for | hour at 4°C with 20 uL (7 to 14 ug) of the 
purified IgG fraction from the monoclonal anti-Rh(D) antibody. 
The coated membranes were then washed twice with PBS and 
solubilized following gentle agitation for 30 minutes at 4°C with 300 
uL of 5% (wt/vol) Triton X-100 in PBS. Following centrifugation at 
37,000 g (30 minutes), the supernatant containing the immune 
complexes were incubated for | hour at +4°C with 100 uL of a 10% 
(wt/vol) Staphylococcus aureus suspension in PBS containing 0.5% 
(wt/vol) Triton X-100. Pellets obtained by centrifugation in the cold 
(5 minutes at 10,000 rpm) were carefully suspended in 200 uL of 
0.5% (wt/vol) Triton X-100 in PBS and applied to a sucrose gradient 
composed of 400 uL of 10% (wt/vol) sucrose in PBS containing 0.5% 
(wt/vol) Triton X-100 layered on 800 uL of 20% (wt/vol) sucrose in 
PBS. The pellet was resuspended in 200 uL of PBS-Triton and 
washed several times on the sucrose gradient. Specifically bound 
proteins were eluted from the final pellet by boiling in 100 uL of 10 
mmol/L of Tris-HCI, | mmol/L of EDTA, pH 6.8, containing 5% 
(wt/vol) SDS. The eluted material was analyzed by SDS-PAGE 
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performed in a 10% (wt/vol) polyacrylamide gel in a discontinuous 
buffer system™ and identified by autoradiography on Cronex 4 film 
with intensifying screen (Dupont de Nemours, Wilmington, DE). 
Preparative purification cf the Rh(D) polypeptide was made by 
repetition of the same protocol except that protein A-Sepharose CL 
4B (100 uL of settled gel in Eppendorf tube) was used instead of the 
S aureus absorbent. The protein eluted from the absorbent was 
further purified on a preparative SDS-PAGE in a 10% (wt/vol) gel 
(3 mm thick) which was pretreated according to Wiener and 
colleagues.** To reduce contamination by glycine in the preparation. 
a Tris-borate buffer (50 mmol/L of Tris, 60 mmol/L of boric acid, 
pH 8.3, containing 0.1% SDS) was used during gel electrophoresis.” 
Electroelution of the Rh(D) protein from the pieces of gel inserted in 
a dialysis bag was done at 4°C in 30 mmol/L. of Tris acetate buffer, 
pH 7.4, containing 0.1% SDS (150 mA, for 8 hours) using a 
homemade electrophoretic cell and two platinum electrodes con- 
nected to a power supply (Apelex, France). The purified material 
was analyzed by SDS-PAGE in nonreducing conditions, and quanti- 
tated by R 250 Coomassie blue staining,” taking BSA as standard 
protein. 

Solubilization of the Rh(D} protein with a nonionic deter- 
gent. Red cells coated with ‘I-labeled anti-Rh(D) (1.5 x 108 
R’R? cells incubated with | zg antibody) were washed four times in 
PBS-BSA and mixed with 50 uL of unlabeled RBCs. Membranes 
were prepared by hypoton:c lysis in a 5 mmol/L of phosphate buffer, 
pH 8.0,” washed once ir PBS, and the immune complexes were 
solubilized following addition of 3 vols of 0.1% to 5% (wt/vol) Triton 
X-100 in PBS and gentle shaking (10 rpm) at 4°C for 30 minutes. 
The distribution of the “*L-labeled antibody was determined by 
counting the supernatants and the pellets obtained after centrifuga- 
tion at 37,000 g for 30 minutes at 4°C. in addition, the distribution of 
the Rh(D) polypeptide setween the Triton X-106 soluble and 
insoluble fractions was also investigated. Membranes obtained from 
"51 labeled erythrocytes (Blo.) were washed once in PBS and 
solubilized with variable amounts of Triton X-100 (0.1% to 5%, 
wt/vol) as described above. Supernatants and pellets recovered by 
centrifugation (37,000 g for 30 minutes at 4°C) were analyzed by 
SDS-PAGE as above. The radioactivity incorporated in the Rh(D) 
polypeptide was determined by cutting out the labeled band local- 
ized by autoradiography of the dried gel. For comparison, the 
distribution of glycophorins A, B, C, and glycoprotein y was 
estimated after periodic-acid Schiff (PAS) staining of the gels.” 

Amino-acid analysis. Samples of purified Rh(D) polypeptide 
were concentrated and desalted by extensive dialysis on a Centricon 
10 system (Amicon, Danvers, MA). Aliquots containing 10 ug of 
purified protein were hydrolyzed in 6N HC! (with 0.2% phenol) at 
110°C in sealed evacuated tubes for 18 hours, and the hydrolysates 
were analyzed with a Biotronik LC 5001 amino acid analyzer. 
Methionine and half-cysteine were determined in a separate aliquot 
as methionine sulfone and cystei¢ acid after performic oxidation. 


RESULTS 


Purification of the monoclonal antibody and binding 
studies. About 3 mg of biologically active monoclonal 
antibody was recovered in the acid eluate of the protein 
A-sepharose column from 300 mL of cell culture superna- 
tant.' The purified IgG antibody, which gave a single band 
on SDS-PAGE and following gel filtration on TSK G3000 
SW column (not shown), strongly agglutinated papain- 
treated Rh-positive (R°R’) RBCs at 0.3 nmol/L concentra- 
tion, whereas there was no agglutination of papain-treated 
Rh-negative cells (rr) even at a concentration of 40 nmol/L 
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(optimum pH was 7.0 to 8.0). Absorption experiments on 
Rh(D)-poesitive and Rh(D)-negative RBCs indicated that 
>90% of the IgG molecules from the purified preparation 
were associated with anti-Rh(D) activity. 

After **I-labelings the monoclonal antibody retained its 
biological activity, and the binding to native Rh-positive 
RBCs occurred without agglutination and was saturable (Fig 
1, inset). The binding data plotted according to Scatchard” 
indicated that R'R' and R?R? erythrocytes carry 0.32 and 
0.43 x 10° antigen sites, respectively (Fig 1). No binding 
occurred to Rh,,y cells, which were devoid of Rh antigens. 
Dash erythrocytes (D--/D--), however, had two to three 
times more antigen sites (1.09 x 10°) than did RBCs with a 
common phenotype. Erythrocytes Blo., which carry the D, c, 
E, and e antigens (probable genotype R°R° as deduced from 
the family study, not shown) had 0.76 x 10° antigen sites, a 
value intermediate between R'R' or R°R? and D--/ 
D--erythrocytes. The association constants of the antibody to 
R'R! or R?R? and D--/D-- erythrocytes were rather similar, 
~0.6 x 10" mol/L~', but were 10 times lower than with Blo. 
erythrocytes (6.7 x 10° mol/L~'). Because Blo. erythrocytes 
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Fig 1. Binding of ‘I-labeled monoclonal anti-Rh(D) antibody 
to native human erythrocytes. Cells were incubated at room 
temperature with different amounts (0.017 to 6 ug) of "I-labeled 
IgG anti-Rh(D) as described in the Materials and Methods section. 
The amount of antibody specifically bound to Rh-positive RBCs 
was calculated from the difference of radioactivity uptake 
between Rh-positive (R'R', R?°R?, D--/D--, and Blo.) and Rh-nega- 
tive (rr) RBCs. Only 0.06% to 10% of the total radioactivity was 
bound to Rh-negative cells in the range of antibody concentration 
used with nonspecific binding (ratio of cpm Rh-negative/cpm 
Rh-positive x 100) between 3.4% and 22%. Results plotted 
according to Scatchard.”’ D--/D--(@); BLO. cells (A); R?R? (W); and 
R'R' (v). inset: saturation curves of erythrocytes by the mono- 
clonal antibody. 
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also have a larger number of Rh(D) antigens than do cells 
with common phenotype and were readily available (from 
one of us, C.B.), they were used for further characterization 
and purification of the Rh(D) polypeptide. 

Immune precipitation of the Rh(D) antigen The 
immune complexes formed between the monoclonal antibody 
and the Rh(D) polypeptide from '*I-labeled membranes 
were extracted by 5% Triton X-100 and isolated with a S 
aureus absorbent. The components eluted from this absor- 
bent are shown in Fig 2, after analysis by SDS-PAGE. A 
band with an apparent molecular mass of 29-kd was clearly 
identified in all RBC samples from Rh-positive individuals 
(Fig 2, lanes 2, 3, and 4), whereas no material could be 
identified from Rh-negative (Fig 2, lane 5) or Rhy (Fig 2, 
lane 6) RBCs therefore indicating that this component 
represents presumably the Rh(D) polypeptide. Much more 
material was immunoprecipitated from D--/D-- and Blo. 
erythrocytes (Fig 2, lanes 2 and 3) than from R*R* RBCs 
(Fig 2, lane 4), correlating well with the mean number of 
Rh(D) antigen sites present on these cells. After gel electro- 
phoresis, part of the radioactive material contained in the 
immune precipitates migrated as a light band of 58-kd (Fig 
2, lanes 2 and 3) identified as the dimeric form of the 29-kd 
component following protein elution and reelectrophoresis 
(Fig 2, lanes 7 and 8). 

Comparison of detergent-solubilized properties of the 
Rh(D) polypeptide and of the RBC membrane sialoglyco- 


proteins. The distribution of the Rh(D) polypeptide 
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Fig 2. Sodium dodecyl sulfate-polyacrylamide gel electropho- 
resis (SDS-PAGE) of "I-labeled membrane components obtained 
following immune precipitation with the monoclonal anti-Rh(D) 
antibody. Electrophoresis was performed in 10% polyacrylamide 
gel in the discontinuous buffer described by Laemmli™ under 
nonreducing conditions. Lane 1: profile of 25 _labeled erythrocyte 
membranes (Blo.). Lanes 2 through 6: immune precipitates from 
D--/D--, BLO., R?R?, rr, and Rha erythrocytes. Lanes 7 and 8: 
reelectrophoresis of the 29-kd component obtained from the 
immune precipitates shown in lanes 2 and 3, respectively. Approx- 
imately 0.2% to 0.03% of the total '**I-label incorporated into RBC 
membranes was immunoprecipitated from the R’R’ sample, 
whereas 3 to 4 times more material, respectively (0.05% to 0.06% 
and 0.08% to 0.1%) was associated with the 29-kd component 
from Blo. and D--/D-- RBCs. Nomenclature of RBC membrane 
sialoglycoproteins according to Anstee and co-workers.” 
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between the Triton X-100 soluble and insoluble membrane 
extracts was first examined using "I-labeled intact RBCs. 
The quantitative estimates were done by counting the 
radioactivity associated with the 29-kd band after SDS- 
PAGE of the Triton extracts. As shown in Table 1, the 
Rh(D) polypeptide was gradually solubilized from the mem- 
brane as the concentration of Triton X-100 increased. At low 
concentration of detergent, a significant part of the Rh(D) 
polypeptide was present in the insoluble residue. With 5% 
Triton X-100, however, <71% of the Rh material was 
solubilized. Because these results differ from those of other 
researchers,'*"’ the distribution of the Rh(D) antigen was 
also investigated following the binding of the ‘I-labeled 
anti-Rh(D) to Rh-positive and Rh-negative erythrocytes. 
The results obtained using saturating amounts of antibody 
were in agreement with those obtained above since ~86% of 
the Rh(D) immune complexes were solubilized by 5% Triton 
X-100 (Table 1). When the suspension of immune complexes 
and detergent (1:3 by vol) were centrifuged immediately, 
however, without shaking for 30 minutes at 10 rpm, ~80% 
and 61% of the radioactivity was found in the pellet obtained 
from the 1% and 5% Triton X-100 extracts, respectively (not 
shown). 

For comparison, the distribution of the main RBC mem- 
brane sialoglycoproteins were investigated in parallel by 
staining the detergent soluble and insoluble extracts, pre- 
pared from ‘I-labeled membranes (including the shaking 
phase), with PAS after separation by SDS-PAGE (Table 1). 
More than 80% of glycophorin A was extracted by 1% Triton 
X-100 and almost 90% was removed from the membrane by 
S% of detergent. Glycophorin A can be almost completely 
extracted by a high concentration of Triton X-100,4' in 
marked contrast with glycophorin C which remains firmly 
bound to the detergent insoluble residue’ even in the 
presence of 5% Triton X-100 (Table 1). Interestingly, glyco- 
phorin B was very easily solubilized from the membrane 
since ~70% of the glycoprotein was extracted by only 0.1% 
Triton X-100 and as much as 94.6% was removed by 1% of 
detergent (Table 1). Glycoprotein y exhibited a behavior 
very similar to that of glycophorin C (Table 1), suggesting a 
strong association with the membrane skeleton.“ 
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Purification and amino acid analysis of the Rh{D) poly- 
peptide.. The Rh(D) antigen readily loses its biological 
activity following extraction from the RBC membrane.** 
Therefore, the Rh(D) polypeptide was purified by immune 
precipitation of '” I-labeled erythrocyte membrane prepara- 
tions by the monoclonal anti-Rh(D) antibody. The immune 
complexes extracted as above by 5% Triton X-100 were 
separated by preparative PAGE, and the Rh({D) polypeptide 
was isolated by excision and electroelution of the 29-kd 
component. From 10 mL of Rh-positive membranes (Blo.), 
~} nmol of the Rh(D) polypeptide was obtained in a pure 
form as deduced from analytical SDS-PAGE (not shown). 
The purified preparation of Rh(D) polypeptide was virtually 
devoid of contaminating IgG (or IgG fragments), since there 
was no detectable band after electrophoretic transfer of the 
analytic SDS gel (5 ug loaded) to a nitrocellulose sheet® 
treated by a sensitive immunostaining procedure, using a 
peroxidase-labeled anti-human IgG, capable of detecting as 
little as 10 ng of monoclonal anti-Rh(D) (not shown). In 
another control experiment, we were unable to detect any 
Coomassie-blue stainable materia! on the analytical SDS gel 
using the same purification protoco! with erythrocyte mem- 
branes from an Rh-negative donor (not shown). The pres- 
ence of protein A and its fragments in the Rh(D) preparation 
was also investigated in a control experiment by studying the 
radioactive material released following heat elution of a 
'51_protein A-Sepharose matrix suspended in SDS buffer. 
The radioactivity released was very low and migrated on 
SDS gels as three light bands cf 42, 27, and 23 kd (not 
shown). These components were absent from the Rh(D) 
polypeptide preparation purified by preparative gel electro- 
phoresis by cutting out only the region around 29 kd. 
Assuming that Blo. erythrocytes carry 0.76 x 10° antigen 
sites (Fig 1), the purification yield of the Rh(D) polypeptide 
was ~7%. A similar purity and extraction yield was obtained 
with a preparation from D--/D-- RBCs (not shown). 
Attempts to increase the purification yield by extracting the 
membrane skeleton with alkali before immune precipitation 
were unsuccesful. The amino acid composition of the Rh(D) 
polypeptide from Blo. erythrocytes is shown in Table 2. Two 
different preparations were analyzed. The small variations 


Table 1. Solubilization of Glycoproteins and Rh Polypeptide From Human Erythrocyte Membranes by Triton X-100 








Percentage of Material Solubilized Estimated by 

















Rk Fraction cpm Counting PAS Staining a 

(%, wt/vol) Analyzed Rh (29 kd)* D% ijanti-Rh tD) GPA GPB GPC GP, 
0.1 P 88 81 75.3 30.2 86 100 

S 12 19 24.7 69.8 14 
0.5 P 64 54 64.5 18.1 80 100 

S 36 46 35.5 81.9 20 
1.0 P 34 30 17.6 5.4 81.4 36 
S 66 70 82.4 34.6 18.6 4 
5.0 P 29 14 11.5 7.4 80 70 
S 71 86 88.5 92.6 20 30 





PAS, periodic acid-Schiff; GPA, GPB, GPC, glycophorins A, B, C; GP,, glycoprotein y (or component EPES is also called glycophorin € by Furthmayr®: 


P, pellet, S, supernatant. 


*Estimation of Rh(D) polypeptide from ‘I-labeled RBC membrane components after sodium dodecylsulfate-polyacrylamide gel electrophoresis. 
+Estimation of Rh(D) polypeptide using the monoclonal S-labeled anti-Rh(D} antibody. 


Rh(D) POLYPEPTIDE 


Table 2. Amine Acid Composition of 29-kd Component Obtained 
From Rh-Positive Cells Bio. 








Amino Acid Preparation 1 Preparation 2 
Cys-SO3H 2.7 3.8 
Asp 23.6 26.7 
Me-SO, 4.2 4.3 
Thr 12.7 11.4 
Ser 17.5 17.5 
Glu 27.3 22 
Pro 9.8 12 
Gly 30 24.6 
Ala 20.3 20.4 
Val 18.1 19.8 
tle 13.3 11.8 
Leu 21.8 24.3 
Tyr 6.8 7.4 
Phe 9.5 10.7 
His 7.4 19 
Lys 15.8 12 
Arg 8.4 9.8 





Results are expressed as mol of amino acid per mol of protein. 


observed were presumably attributable to the presence of 
residual glycine from the electrophoretic buffer (preparation 
1) and of sodium azide (preparation 2), which may have 
altered the aspartate and histidine determinations.“ The 
results indicated that the Rh(D) polypeptide from these 
preparations contained several sulfhydryl residues and was 
composed of ~250 amino acid residues. 


DISCUSSION 


We studied the binding properties of a human monoclonal 
anti-Rh(D) antibody produced by an EBV-transformed lym- 
phoblastcid cell line? to Rh-positive and Rh-negative 
human erythrocytes. This antibody was used to characterize 
some properties of the Rh(D) antigens and to purify the 
Rh(D) polypeptide to homogeneity. 

The number of Rh(D) antigen sites of R?R’, R'R’ cells 
and of the rare D--/D-- erythrocytes estimated by the direct 
51_Jabeling of the purified IgG fraction of the monoclonal 
antibody, correlated well with the results reported by others 
using conventional polyclonal human antisera.*° No signifi- 
cant binding occurred, however, onto Rh-negative or Rhnan 
erythrocytes, which do not carry Rh(D) antigens, thereby 
confirming the strict blood group specificity of the mono- 
clonal antibody and its potential use as reagent for routine 
Rh typing. The equilibrium constant of the monoclonal 
antibody was also determined using RBCs of known Rh(D) 
antigen site density. A value close to 0.6 x 10° mol /L~! was 
calculated from the Scatchard plots drawn with RR’, R'R', 
and D--/D-- RBCs. This is in good agreement with most 
estimations calculated using human IgG anti-Rh(D) present 
in the sera obtained from 21 women at the time of delivery;* 
however, it is lower than the value found with the IgM 
monoclonal anti-Rh.” 

The monoclonal antibody used here binds with high affin- 
ity (6 x 10° mol/L~') to Blo. erythrocytes which, with their 
large number of Rh(D) antigen sites (0.76 x 10°), were 
selected for the further characterization and purification of 


1495 


the Rh(D) polypeptide. The large increase of equilibrium 
constant noted with Blo. erythrocytes was not related to their 
high antigen content, since the monoclonal antibody binds 
with a lower affinity (0.6 x 10° mol/L~') to D--/D-- RBCs, 
which carry even more Rh(D) antigens (Fig 1). Other 
studies of the Rh haplotypes segregating in family Blo., using 
a large collection of human polyclonal antisera, should 
indicate whether the RBCs from these donors express an 
unusual form of Rh complex. 

A 29-kd component could be specifically immunoprecipi- 
tated from all Rh-positive cells investigated, whereas no 
material was isolated from Rh-negative or Rhy, RBC mem- 
branes. This was again in agreement with previous studies 
carried out with polyclonal antisera.'*!’ As suspected ear- 
lier,’° a dimeric form (58 kd) of the 29 kd was also identified 
on the gels, but no component of higher molecular mass was 
present in the immunoprecipitates. Using different 
approaches, we found that as much as 70% to 80% of the 
Rh(D) polypeptide can be extracted from Rh-positive RBCs 
by 5% Triton X-100 (Table 1) under conditions in which 
glycophorins A and B were almost or completely extracted 
from the RBC membrane and glycophorin C as well as 
glycoprotein y were firmly bound to the Triton-insoluble 
residue. These results suggest that only a small proportion of 
the Rh(D) polypeptide interacts significantly with the mem- 
brane skeleton. Gahmberg and Karhi’® showed that 70% of 
the Rh(D) polypeptide was firmly anchored to the mem- 
brane skeleton. We also found that when the Triton X-100 
extracts are prepared without shaking, 61% of the Rh(D) 
peptide is centrifuged with the 5% detergent insoluble resi- 
due. Up to 80% of this material was easily released after 
gentle shaking (10 rpm for 30 minutes), however, suggesting 
a loose association of the Rh(D) peptide with the membrane 
skeleton. These different results are clearly related to the 
method used for membrane solubilization, and only 60% to 
72.7% of glycophorin A antigen-antibody complexes were 
extracted by 5% Triton X-100 in the study reported above,“ 

The Rh(D) polypeptide solubilized by 0.1% to 5% deter- 
gent could not be immunoprecipitated by the monoclonal 
antibody and did not bind to an affinity column prepared 
from the purified IgG monoclonal anti-Rh(D) antibody, The 
Rh(D) polypeptide was therefore purified on a large scale by 
a combination of immunoprecipitation and preparative 
PAGE using Blo. and D--/D-- RBC membrane preparations. 
The preparations obtained appeared homogeneous by usual 
criteria and had closely related amino acid compositions 
(Table 2), with a similar content of sulfhydryl groups. The 
yield of Rh(D) was, however, rather low (~7%), since the 
procedure could not be conducted with saturating amounts of 
anti-Rh(D) antibody. Indeed, from the binding studies 
reported above (Fig 1, inset), ~5 to 10 mg of purified 
anti-Rh(D) antibody was deemed required for each ml. of 
packed RBCs used during the purification to maximalize the 
yield. Using the present conditions, however, we obtained 
enough material for a partial characterization of the Rh(D) 
polypeptide and studies are now in progress to prepare a 
mouse monoclonal antibody against this protein, which 
would greatly facilitate its purification on a large scale for 
further biochemical analysis. 
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Synergism Between Recombinant Growth Factors, GM-CSF and G-CSF, 
Acting on the Blast Cells of Acute Myeloblastic Leukemia 


By Colm Kelleher, Jun Miyauchi, Gordon Wong, Steven Clark, Mark D. Minden, and E.A. McCulloch 


The genes for the hemopoietic growth factors, GM colony- 
stimulating factor (CSF) and G-CSF have been cloned, and 
recombinant material is available for both. We tested these 
recombinant factors for their effects on the blast cells of 
acute myeloblastic leukemia (AML). Culture methods are 
available that support both colony formation by AML blasts 
and the growth of blast stem cells in suspension. Recombi- 
nant GM-CSF is active in both culture systems, although to 
a varying degree. We found that recombinant G-CSF was 
also effective: however, the two recombinant factors 
showed striking synergism for the stimulation of blast 
growth of cells from five of eight AML patients. In these 
cases, the combination was equivalent to the stimulating 
activity of supernatants from the continuous cell line 5637. 


HE BLAST CELLS of acute myeloblastic leukemia 
(AML) proliferate in suspension cultures’ or form 
colonies in cultures made viscid with methylcellulose? if a 
suitable source of growth factor(s) is included in the 
medium. This requirement has often been met using crude 
supernatants, either from phytohemagluttinin-stimulated 
leukocytes (PHA-LCM)’ or a high factor-producing sub- 
clone of the continuous bladder carcinoma cell line 5637 
(hereafter called HTB9-CM, a name used in the publication 
describing the clone and its active supernatants’). Recently, 
we’ and others’ showed that recombinant GM-CSF, first 
described as a requirement for granulocyte/macrophage 
colony formation in culture,® is an active growth factor for 
blast cells. The recombinant material was not as effective as 
HTB9-CM in promoting colony formation, however.’ 
G-CSF is a growth factor described originally as specific 
for granulopoiesis in culture.’ Recently, molecular clones 
coding for this growth factor have been isolated**; their 
protein products proved to be effective stimulators not only of 
granulocyte progenitors, but also of other early hemopoietic 
cells. Recombinant G-CSF induced morphological differen- 
tiation in the murine continuous cell line WEHI3 and is 
reported to have a similar although less marked effect on 
freshly obtained human AML blast cells." 
We report the effects of recombinant G-CSF on AML 
blasts using clonogenic’ and suspension culture assays.’ We 
find that G-CSF is an effective stimulator of blast growth. 
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This conditioned medium (HTB9-CM) is considered the 
standard for blast growth. Blasts from one of the patients 
grew without added factor. In another instance, recombi- 
nant GN-CSF alone was almost as effective as HTB9-CM. 
In the third case, both recombinant factors were active, but 
synergism was not observed and their combined effect was 
not equivalent to that of HTB9-CM. Both GM-CSF and 
G-CSF were active on normal bone marrow granulopoietic 
progenitors, but synergism was not observed. We con- 
clude that the marked heterogeneity observed when AML 
blasts are examined by other criteria is also observed when 
their response to growth factors is evaluated. 

e 1987 by Grune & Stratton, inc. 


Moreover, synergism occurs when GM-CSF and G-CSF are 
used together. In some instances, the effect of the combina- 
tion of factors is the equivalent of HTB9-CM alone. Sensitiv- 
ity to each factor, singly or in combination, however, varied 
from patient to patient. 


MATERIALS AND METHODS 


Cells. Normal marrow was obtained with informed consent 
from transplant donors. Peripheral blood was obtained with 
informed consent from eight patients with AML. undergoing treat- 
ment at the Princess Margaret Hospital. The diagnosis was made on 
clinical and morphological grounds, using published criteria 
(French-American-British classification, FAB)" Table 1 summa- 
rizes the clinical data. Blasts were separated using the two-cycle 
Ficoll density-gradient separation procedure described earlier.'' The 
cells were either placed in culture at once or preserved by freezing 
at —70°C in 50% fetal calf serum (FCS) and 10% dimethylsulphox- 
ide (DMSO). Thawed cells were cultured in suspension containing 
10% HTB9-CM for at least 3 days prior to plating in methylcellu- 
lose. Some experiments used ceils that had been maintained continu- 
ously in suspension culture from 6 to 12 months (patients 5 and 8). 

Cell culture methods. The clonogenic assay was done as 
described previously using HTB9-CM or recombinant growth fac- 
tors.’ Blast populations were cultured in microwells (Linbro/ 
Titertek. Flow Laboratories, McLean, VA) in a medium consisting 
of a-minimum essential medium (MEM), 10% heat-inactivated 
FCS (growth medium) 0.8% methylcellulose and 10% HTB9-CM, 
or recombinant factors at various concentrations. The cultures were 
incubated for 7 days in a humidified atmosphere of 5% CO, in air at 
37°C, after which time colonies containing >20 cells were counted 
with an inverted microscope. The secondary plating efficiency (PE2) 
was measured using the pooled colony technique described previous- 
ly. The cells were harvested from primary colonies, pooled, washed, 
and replated in microwells at a cell density of 2 x 10*/well with 
media of the same composition used for the primary eultures. 
Colonies with > 20 cells were counted after 7 days of incubation. PEZ 
was expressed as colonies per 10° cells plated. Blast cells were 
cultured in suspension in 1.7-cm tissue-culture wells (Linbro multi- 
well plaies, Flow Laboratories).’ As in the clonogenic assay, HTB9- 
CM (10%) or various concentrations of recombinant growth factors 
were used as a source of stimulation. The cells were suspended in 
growth medium at a concentration of 10°/mL, with growth factor 
added. After 7 days, the cells were harvested and counted. The cells 
recovered from the suspensions were washed and replated inmethyl- 
cellulose in microwells for blast colony formation as described 
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RECOMBINANT GM-, G-CSF SYNERGISTIC ON AML BLASTS 


Table 1. Clinical Characteristics of the-Patient Population 








Blasts in 
FAB Peripheral 
Patient No. Classification Age Blood (%} Outcome 

1 M, 67 90 Failure 
2 M, 40 60 Remission 
3 My 56 57 Second remission 
3b M, 56 53 Third remission 
4 M, 70 72 Partial remission 
5 M, 76 79 Remission 
6 M, 17 80 Remission 
7 M, 66 63 Failure 
8 M, 65 78 Remission 





Blood was obtained at initial visit except for patient 3. Treatment 
consisted of high-dose cytosine arabinoside for induction and mainte- 
16 
nance. 


earlier.’ This procedure provided a measurement of the number of 
clonogenic cells in each dish that was recovered in suspension 
culture. The calculation consisted of multiplying the number of cells 
recovered in each dish by the plating efficiency in methylcellulose. 
Normal marrow was cultured after removing adherent cells by 
overnight incubation. The cultures consisted of 2 x 10° cells/well 
and growth medium with or without recombinant growth factors or 
HTB9-CM. Colonies were counted after 7 and 14 days in culture. 

Recombinant growth factors. Purified recombinant GM-CSF 
was produced at the Genetics Institute (GI), Boston, from GM- 
CSF-transfected Chinese hamster ovary (CHO) cells. This material 
has a potency of 1,000 U/ug, where a unit is defined as the amount 
of factor needed to produce half-maximum colony formation in 
methylcellulose. Recombinant G-CSF was also made at GI. The 
published sequence of G-CSF*’ was used to prepare oligonucleo- 
tides. A mammalian expression cDNA library was prepared from 
RNA from TPA30-1, a SV40-transformed human trophoblast cell 
line, and was screened using these oligonucleotides as probes. 
Positive colonies were tested for biological activity by expressing the 
cloned cDNAs in COS cells and testing the supernatants using 
chronic myelogenous leukemia (CML) cells sensitive to growth 
factors (G. Wong and S. Clark, unpublished observations). The 
potency of these preparations was ~200 U/L. In our experiments, 
supernatants were used from G-CSF-transfected COS cells; con- 
trols using supernatants from mock-transfected COS cells did not 
stimulate colony formation in excess of background. A result typical 
of these controls is shown in Fig 1. 

Morphology. Cells were obtained either from colonies in meth- 
yleellulose or from suspension cultures, placed on coverslips by 
cytospin, and stained with Wright's stain. The cells were examined 
by light microscopy using oil immersion. 


RESULTS 


Activity of recombinant growth factors in methylcellu- 
lose. Because the source of G-CSF was an unpurified 
supernatant from transfected COS cells, it was tested on 
responsive blasts (patient 5) at a number of dilutions. The 
titration curve is shown in Fig 1 and compared with a 
supernatant from mock-transfected COS cells. Maximum 
activity occurred at a dilution of 1077, and the control COS 
supernatant was inactive. 

In the next series of experiments, GM-CSF and G-CSF 
were tested alone or in combination in methylcellulose. 
When used alone, G-CSF was usually a better stimulator of 
colony formation than was GM-CSF. Neither of the factors 
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Fig 1. Titration curve for G-CSF in supernatants of trans- 
fected COS cells tested on blasts from the peripheral blood of 
patient 5. Each point is the mean of four determinations. SD is 
shown. 


alone was equivalent to HTB-9, however. When the two 
recombinant factors were used together, synergism with 
respect to colony size and numbers was observed in five of 
eight patients. The augmentation of colony size is shown in 
Fig 2, a photomicrograph comparing cultures with G-CSF 
alone (panel B), GM-CSF and G-CSF in combination (panei 
D), GM-CSF alone (panel A), and HTB-9 (panel C}. The 
two recombinant factors, combined in the same concentra- 
tions that gave maximum stimulation for each alone, sup- 
ported the growth of colonies equivalent in size to those seen 
in cultures with HTB9-CM. As a further control, a superna- 
tant from mock-transfected COS cells (dilution, 10°*) was 
mixed with 2,000 pmol of GM-CSF and tested for its effect 
on colony formation in methylcellulose. No stimulation over 
that obtained with GM-CSF alone occurred, indicating that 
COS cells alone do not secrete an activity capable of a 
synergistic effect with GM-CSF. 

The synergistic effect of the two recombinant growth 
factors on colony numbers is illustrated in Fig 3. Purified 
GM-CSF, ranging in concentration from 0.2 to 2,000 pmol/ 
L, was tested for its effect on colony formation with and 
without the addition of G-CSF at a dilution of 10°? or 10°. 
Colony formation with these dilutions of G-CSF alone are 
given at the left (Fig 3). Colony formation with 10%, 20%, 
and 30% HTB9-CM are shown at right. The synergism 
between the two recombinant factors is evident. Maximum 
stimulation by GM-CSF, or G-CSF alone, gave |] + 3 
colonies /10* cells and 31 + 4 colonies/10* cells, respectively. 
In combination, the highest tested concentrations of GM- 
CSF and G-CSF resulted in 92 + 12 colonies/10* cells. 

In addition to the synergistic effect, three other patterns of 
responsiveness to recombinant growth factors were observed. 
In one case, blast cells were independent of added stimulator 
whether in the form of HTB-9 CM or either of the recombi- 
nant factors. In a second case, nearly maximum colony 
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Fig 2. A photomicrograph of blast colonies formed with 
different growth factors. (A) G-CSF alone at a maximum stimula- 
tory concentration of 2 nmol/L. (B) G-CSF alone at maximum 
stimulatory concentration of 200 U/mL. (C) 10% HTB-9 CM. (D) A 
mixture of GM-CSF and G-CSF, both at maximum stimulatory 
concentrations. 
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formation occurred with GM-CSF alone. The addition of 
G-CSF was additive, resulting in the same degree of stimula- 
tion as was obtained with HTB9-CM. In one other case, 
neither GM-CSF nor G-CSF was a very potent stimulator of 
growth in methylcellulose. The combination of the two 
factors was additive and not synergistic. These results are 
summarized in Table 2; colony formation with the various 
recombinant factors is shown normalized against growth 
with the effective stimulator HTB9-CM. 

Two similar experiments were done with normal bone 
marrow cells, previously depleted of adherent cells. These 
were exposed to GM-CSF and G-CSF alone or in combina- 
tion. In 7 days, when used alone, G-CSF stimulated more 
colony formation than GM-CSF (Fig 4). After 14 days, the 
number of colonies in culture with GM-CSF was approxi- 
mately equal to that with G-CSF (data not shown). There 
was no evidence of synergism at either time in methylcellu- 
lose. 

Activity of growth factors in suspension culture. Paral- 
lel experiments were done using the suspension culture 
method. Figure 5 shows a titration of GM-CSF, with or 
without the addition of G-CSF. The data are presented in the 
same form as the titration in methylcellulose shown in Fig 3 
and include a comparison with HTB9-CM. Although both 
GM-CSF or G-CSF alone had small effects on the increase 
of clonogenic cells in suspension, a combination of the two 
was highly effective, yielding a maximum recovery exceeding 
that obtained with HTB9-CM. 

Patient-to-patient variation observed with the suspension 
assay was similar to that which occurred with the methylcel- 
lulose assay. The data are presented in Table 3. Unfortunate- 
ly, cells were not available from patient 6, the only represen- 
tative of class 2. For the other classes, the growth responses 
were similar to those seen in methylcellulose. 

Secondary plating efficiencies. Cells from blast colonies 
were replated in methylcellulose to measure PE2. The colo- 
nies were grown either directly from fresh or cryopreserved 


HTB9 - CM 
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Fig 3. Center panel: titration 
of blast cells with recombinant 
GM-CSF alone or with two dif- 
ferent concentrations of G-CSF, 
with colony formation as an end- 
point. Left panel: values for G-CSF 
alone, with dilution of COS super- 
natents shown between error 
bars. Right panel: colony formation 
stimulated by HTBS-CM alone. SD 
is shown. 
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Table 2. Maximum Stimulation of Colony Formation by 
Recombinant Growth Factors 








Class and 
Patient No. GM-CSF* G-CSF* GM-CSF + G-CSF* 
Class 1 
Patient 1 25.6 62.2 121 
2 24.3 59.5 167.5 
3 14.7 42.9 128 
4 16.5 22.5 87.9 
5 12.5 35.7 80.3 
Class 2 
Patient 6 12.5 13.9 32.3 
Class 3 
Patient 7 82.3 30 105 
Class 4 
Patient 8 Factor independent 





*Values were normalized to HTB9-CM by the formula: n = 


no. of 


colonies with growth factor/no. of colonies with HTB9-CM x 100. 


Fig 4. Center panel: titration 
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cells or after propagation of the cells in suspension. In each 
instance, the growth factor used in the early part of the 
experiment (colony formation only or suspension culture 
followed by colony formation) was included in the medium 
for the PE2 measurement. The data are shown in Table 4. 
Neither recombinant growth factor was as effective as 
HTB9-CM,; but, as in other experiments, synergism occurred 
when both recombinants were included in the cultures. 
Indeed, the PE2 values were greater than those that occurred 
with HTB9-CM alone. 

Morphology. Cells were examined by light microscopy 
under oil immersion after staining with Wright's stain. The 
predominant appearance was that of blast cells. For popula- 
tions recovered from methyleellulose, numerous vacuoles 
were observed, presumably the result of ingestion of methyl- 
cellulose. From cells that had been exposed to G-CSF, 


OGM-CSF 
4&GM-CSF +10°3G-CSF 


HTBS-CM 
Yo 


of normal bone marrow celis with 
recombinant GM-CSF alone or 
with 10°° dilution of G-CSF with 
colony formation as an endpoint. 
Left panel: values for G-CSF alone 
with dilution of COS supernatants 
shown between error bars. Right 
panel: colony formation stimulated 
by HTB9-CM alone. SD is shown. 
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Fig 5. Effect of recombinant 
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GM-CSF and G-CSF on growth. of 
clonogenic cells in suspension. Left 
panel: values for G-CSF alone, with 
dilution of COS cells in suspension. 
Supernatants shown between er- 
ror bars. Right panel: colony for- 
mation stimulated by HTBS-CNM 
alone. SD is shown. 
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Table 3. Maximum Effect of Recombinant Growth Factors on 
Blast Progenitors in Suspension Cultures 








Ciass and 
Patient No. GM-CSF (%)* G-CSF (%)* GM-CSF + G-CSF (%)* 
Class 1 
Patient 
3 8.1 14.8 312 
3bt 18.1 22.9 142.9 
4 1 2.2 58.7 
Class 3 
Patient 
7 70 72 90 
Class 4 Factor independent 
Patient 
8 





*HTB9-CM is 100%; values were normalized to HTB9-CM as in 
Table 1. 

+A second sample from patient 3, taken 2 months after the first, after 
a brief remission. 


occasional forms had band-shaped nuclei; in these cells, 
characteristic granules were not observed. 


DISCUSSION 


We showed that recombinant GM-CSF and G-CSF act 
synergistically on AML blast cells whether measured by the 
blast colony assay or in suspension: furthermore, similar 
effects occur on the PE2, which, like the suspension system, 
reflects blast stem cell renewal. Even though all but one of 
the patients are classified FAB M4, patient-to-patient varia- 
tion is evident. For most patients (class 1), a combination of 
GM-CSF and G-CSF is as effective a stimulator as media 
conditioned by the continuous bladder cell line, 5637. Blasts 
from three patients responded to the growth factors in 
different manners. In one instance, both GM-CSF and 
G-CSF stimulated growth, but the effects were not synergis- 
tic and together did not approach the stimulation observed 
with HTB9-CM (class 2}. Furthermore, in cultures with 
G-CSF, colonies were usually less compact than when 
HTB9-CM was used; indeed, even with HTB9-CM, colonies 
usually disperse after 7 days, and this tendency is marked 
with G-CSF alone. 

This result suggests that yet other growth factors responsi- 
ble for blast colony formation exist in HTB9-CM. In a 
second patient, GM-CSF alone was sufficient to give growth 
almost equivalent to that which occurred with HTB9-CM 
(class 3). Finally, the blasts from one patient were growth 
factor independent at the time of the initial study and 
thereafter when maintained in suspension (class 4). Thus, 


Table 4. Maximum Effects of Recombinant Growth Factors on Secondary Plating Efficiencies 
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responses to these two growth factors show the patient- 
to-patient variation that has occurred when other biological 
parameters of AML blasts were measured.’ The signifi- 
cance of this variability with respect to the biology of the 
tumor cells or clinical response is unknown. 

The data may be considered in light of a model for the 
organization of the cellular populations in AML clones and 
the possible clinical significance of the model.'* The blast 
population in AML is considered to be maintained indepen- 
dently by blast stem cells; these may either undergo self- 
renewal or pass through an event similar to determination, 
followed by a few terminal maturation divisions, These 
maturation steps may be considered to be part of differentia- 
tion. GM-CSF has been suggested to promote blast cell 
growth whereas G-CSF is a more potent differentiating 
agent. Indeed, in our experiments, some segmented forms 
were observed in cultures that had been exposed to G-CSF 
but not to GM-CSF. Care must be used, however, in 
assigning significance to such observations. An increase in 
the probability of determination as opposed to self-renewal 
may be a more important aspect of the differentiation 
process; it is certainly mere relevant clinically since an 
increase in determination events would decrease the chance 
of survival of malignant clones. In our experiments, both 
GM-CSF and G-CSF were equally efficient in stimulating 
increases of blast clonogenic cells in suspension: recombinant 
GM-CSF was an effective stimulator of PE2 only in patient 
7; neither recombinant factor was highly effective in this 
assay applied to other patients, although in combination they 
were usually more effective than HTB9-CM alone. Both 
growth in suspension and PE2 may be considered to reflect 
blast stem cell renewal; the data might be interpreted, 
therefore, as indicating that neither of the two recombinant 
factors affected the balance between self-renewal and deter- 
mination in these populations of leukemic cells; any differen- 
tiation occurred only during postdeterministic divisions. 

The synergism between GM-CSF and G-CSF observed in 
most AML blast populations was not observed in the two 
normal bone marrow specimens tested under conditions that 
would support granulocyte/macrophage colony-formation 
(Fig 4). For this limited sample population, it would not be 
appropriate to consider the data evidence for a leukemia- 
associated growth-factor response. Moreover, the cells of 
origins of such colonies (CFU-C} may not be comparable to 
blast stem cells. Resolution of these issues will require 
measurements on defined cell populations together with 
determination of receptor densities for both factors. Such 
studies are now in progress. 





PE2 (Colonies/10* Celis} 





Growth Conditions 








Celis GM-CSF G-CSF GM-CSF + G-CSF 
From suspension 
Patient 3b 19 +3 31+ 10 86329 69 +8 
4 (8) 0 4228 1+ 0.5 
7 336 + 38 153 + 21 197 + 10 154 + 18 
From methylcellulose 
Patient 5 2205 1 47 + 15 22.25 
3b 2205 922 §2 28 9 
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Synergistic Inhibition of Platelet Activation by Plasmin and Prostaglandin I, 


By Andrew |. Schafer, George B. Zavoico, Joseph Loscaizo, and Ann K. Maas 


Endothelial cell prostacyclin (PGI) inhibits platelet activa- 
tion by raising platelet cyclic AMP. Previously, platelet 
activation was also shown to be blocked by plasmin formed 
by endothelium-derived tissue plasminogen activator 
(TPA). We have now studied interactions between PGI, 
and plasmin in the control of platelet function. PGI, and 
plasmin cause synergistic inhibition of thrombin- and ADP- 
induced aggregation of washed platelets. Inhibition by PGI, 
is similarly potentiated by TPA added to platelet-rich 
plasma to generate plasmin. Thrombin-stimulated rise in 
platelet cytosolic Ca?*, measured by fura2 fluorescence, 


NTACT VASCULAR endothelium possesses antithrom- 
botic properties that maintain blood fluidity under nor- 
mal circumstances and prevent extension of the hemostatic 
plug beyond sites of vascular injury. Prostacyclin (prosta- 
glandin I,, PGI,) formed by endothelial cells inhibits platelet 
activation by stimulating platelet adenylate cyclase and 
raising intracellular levels of cyclic AMP.'? Tissue plasmin- 
ogen activator (TPA) released from endothelial cells initiates 
fibrinolysis by converting plasminogen to the fibrinolytic 
protease plasmin. Plasmin not only has fibrin-digesting prop- 
erties, but we and others previously showed that plasmin can 
also inhibit platelet activation in response to thrombin and 
other agonists by a noncyclic AMP-dependent mechanism.** 
We now report that PGI, and plasmin have synergistic 
inhibitory effects on platelet activation and propose that this 
interaction may have important physiologic consequences in 
the limitation of thrombus formation. 


MATERIALS AND METHODS 


Preparation of platelets. Venous blood anticoagulated with 13 
mmol/L of sodium citrate was obtained from volunteers who had not 
ingested aspirin or other medications known to interfere with platelet 
function for at least 10 days before donation. Blood was centrifuged 
at 160 g for 10 minutes to obtain platelet-rich plasma (PRP). 
Platelets were separated from plasma by gel filtration by applying 
PRP to a column of Sepharose 2B. The platelets were eluted with a 
modified Tyrode’s buffer containing 130 mmol/L NaCl, 9 mmol/L 
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and thromboxane A, formation, measured by radioimmu- 
noassay (RIA), are likewise synergistically inhibited by PGI, 
and plasmin. Plasmin neither increases nor potentiates 
PGIi,-stimulated increases in platelet cyclic AMP. Thus, 
PGI, and plasmin cause synergistic inhibition of platelet 
activation by both cyclic AMP-dependent and independent 
mechanisms. This interaction between two different endo- 
thelium-derived products may play an important role in 
localizing the hemostatic plug to a site of vascular injury by 
preventing further thrombin-mediated accrual of platelets. 
© 1987 by Grune & Stratton, Inc. 


of sodium bicarbonate, 6 mmol/L of dextrose, 10 mmol/L of sodium 
citrate, 10 mmol/L of Trizma base, 0.8 mmol/L of KH,PO,, 3 
mmol/L of KCI, 0.9 mmel/L of MgCh, 0.5% bovine serum albumin 
(BSA), pH 7.3. Platelet counts were determined in a counter (model 
F, Coulter Electronics, Hialeah, FL). Informed consent was 
obtained from all volunteers for blood donation with approval of the 
institutional Committee for the Protection of Human Subjects from 
Research Risks. 

Platelet aggregation. Aggregation of PRP or gel-filtered plate- 
lets (following the addition of 3 mmel/L of CaCl,) was monitored 
using a standard nephelometric method’ in a dual-channel aggre- 
gometer (Payton Associates, Buffalo). For thrombin-induced aggre- 
gation in PRP, 0.5 mmol/L of glycyl-t-prolyl-arginyl-L-proline was 
included in all samples tc prevent interference with the aggregation 
tracings by fibrin polymerization in plasma. 

Platelet cytosolic ionized Ca’*. Cytosolic ionized Ca?* 
({Ca?* ],) was monitored by fluorescence of washed platelets loaded 
with fura2-pentaacetoxymethyl ester (fura2/AM). PRP with | 
pmol/L of PGE, was titrated to pH 6.5 with acid-citrate-dextrose 
(NIH formula A) and centrifuged at 2,000 g for 10 minutes. The 
platelet pellet was resuspended in modified Tyrode’s buffer as above 
except that KH,PO, was replaced with 2 mmol/L of Hepes (4- 
(2-hydroxyethyl)-1-piperazine-ethanesulfonic acid); 0.1 umol/L of 
PGE,, 450 g/mL of creatine phosphate, 100 ug/mL of creatine 
phosphokinase, and | umol/L of fura2/AM were added, and the 
platelet suspension was incubated at 37°C for 45 minutes. Fura2/ 
AM is hydrolyzed by nonspecific cytoplasmic esterases yielding the 
impermeant, Ca’* -sensitive parent compound, fura2, as described 
by Grynkiewicz and colleages.* Fura2-loaded platelets were gel 
filtered to remove free fura2/AM. The platelet count was adjusted 
to a final concentration of 10*/mL, and 1 mmol/L of CaCl, was 
added. For fluorescence measurements, 1.5 mL of platelet suspen- 
sion was continually stirred at 37°C in a Fluorolog 2 spectrofluoro- 
meter (SPEX Industries. Edison, NJ) equipped with two excitation 
monochrometers and a chopper that quickly alternates (90 Hz) 
sample illumination by the excitation beam from each monochro- 
meter. Excitation wavelengths were 340 and 380 nm, with a 5.4 am 
bandpass. Emission was detected at 505 nm (4.5 nm bandpass) and 
collected in a SPEX DM1B Spectroscopy Laboratory Coordinator 
for calculation of the ratio of the fluorescence intensity at 340 and 
380 nm. An increase im the ratio of 340/380 nm represents an 
increase in [Ca?*],. 

Thromboxane B, radioimmunoassay. The amount of throm- 
boxane B, (TXB,), the breakdown product of thromboxane A, 
(TXA,), in supernatants of completed reactions was determined by 
standard radioimmunoassay (RIA) with phosphate-gelatin buffer 
{50 mmol/L of potassium biphosphate, 0.14 mol/L of NaCl, and 
6.1% gelatin, pH 7.4), 2 1:2,000 dilution of TXB, antiserum, and 
10,000 dpm [(?H]TXB,. After overnight incubation at 4°C, charcoal- 
coated dextran was used to separate antibody-bound from unbound 
radioligand. 
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PLASMIN: PROSTAGLANDIN l, SYNERGISM 


Cyclic AMP radioimmunoassay. Reactions were stopped by 
the addition of an equal volume of ice-cold 10% trichloroacetic acid 
and extracted four times with water-saturated ether. Cyclic AMP in 
platelets was measured by radioimmunoassay (cyclic AMP [5H 
RIA kit, New England Nuclear, Boston) and corrected for platelet 
counts. 

Matertals. The following reagents were obtained from commer- 
cial sourees: fura2/AM from Calbiochem, La Jolla, CA: PGL, 
PGE,, TXB,, and TXB, antiserum from Upjohn, Kalamazoo, MI; 
[H] TXB, (100 to 150 Ci/mmol) from New England Nuclear, 
Boston; human thrombin from R.Q.P. Laboratories, South Bend, 
IN; ADP, aprotinin, and glycyl-L-prolyl-arginyl-L-proline from Sig- 
ma, St Louis; Sepharose 2B from Pharmacia Fine Chemicals, 
Uppsala, Sweden; and plasmin and S-2288 chromogenic substrate 
from Kati, Stockholm. Recombinant human TPA was kindly pro- 
vided by Genentech, South San Francisco. 

Caseinelytic units (CU) of plasmin were defined according to 
Sgouris and colleagues’: | CU equals 1.14 Committee on Thrombo- 
lytic Ageats (CTA) units.’ Plasmin activity was determined in an 
S-2288 chromogenic substrate assay performed at 37°C in a spectro- 
photometer (Gilford 2400, Oberlin, OH). One CU plasmin 
equals ~€.45 nmol of plasmin. The purity of this human plasmin 
preparation was documented as previously reported'': when sub- 
jected to 10% sodium dodecyl sulfate-polyacryiamide gel electropho- 
resis (SDS-PAGE), it produced two major bards with apparent mol 
wt of 70,000 and 28,000 under reducing conditions and a single band 
with an apparent mol wt of 81,000 under nonreducing conditions. 


RESULTS 


Human platelets washed in a modified Tyrode’s buffer 
were preincubated with either human plasmin for 10 minutes 
and/or PGI, for 3 minutes at 37°C, plasmin activity was 
neutralized by the addition of aprotinin, and platelet aggre- 
gation was initiated with either 0.2 U/mL of human throm- 
bin or 1 umol/L of ADP. As shown in Fig 1A, concentra- 
tions of plasmin and PGI, were determined that individually 
caused only slight inhibition of thrombin or ADP-induced 
aggregation. When platelets were preincubated with both 
plasmin and PGI, at the same concentrations as used individ- 
ually, potentiation of the inhibitory effects was consistently 
noted. Similar experiments were performed with PRP 
instead of washed platelets: in this case, plasmin was gener- 
ated in plasma by incubation with recombinant human TPA 
for 10 minutes instead of by the direct addition of plasmin. 
As showa in Fig 1B, preincubation of PRP with a combina- 
tion of both TPA and PGI, at threshold inhibitory concentra- 
tions caused potentiation of inhibition of platelet aggregation 
in response to both thrombin and ADP. 

To shew that in platelets plasmin and PGI, exert their 
synergistic inhibitory effects not only cn the aggregation 
response itself but also on the transduction of extracellular 
signals, we performed experiments to determine the interac- 
tions between plasmin and PGI, on platelet Ca** mobiliza- 
tion and the release and metabolism of arachidonic acid 
induced by thrombin. As shown in Fig 2, preincubation of 
fura2/AM-loaded platelets with either 1.0 nmol/L of PGI, 
for 3 minutes alone or 0.025 CU/mL of plasmin for 10 
minutes alone at 37°C caused only a slight inhibition of 
thrombin-induced elevation in [Ca?*],. When platelets were 
preincubated with both PGI, and plasmin at the same 
concentrations, however, marked inhibition of thrombin- 
induced Ca? mobilization occurred. Further addition of a 
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Fig 1. Synergistic inhibition of thrombin- and ADP-induced 
platelet aggregation (A) by prostaglandin |, {PGL} and plasmin in 
washed platelets, and {B} by PGi, and tissue plasminogen activator 
{TPA) in platelet-rich plasma. (A) Washed platelets were preincu- 
bated at 37°C for 10 minutes with buffer blank {0} or plasrmire(P). 
Buffer blank or PGi, was added for the iast 3 minutes of the 
preincubation; plasmin was then inactivated with aprotinin. Plate- 
lets were stimulated with either 0.2 U/mL of human thrombin or 
10 pmol/L of ADP. Concentrations of plasmin and PGI, in the 
combined incubations were the same as those used individually. 
Final concentrations of plasmin and PGL were 0.25 caseinalytic 
units (CU)/mL and 3 nmol/L, respectively, for throrbin-induced 
aggregations, and 0.2 CU/mi and 0.1 nmol/L, respectively, for 
ADP-induced aggregations. (B) PRP was preincubated at 37°C for 
10 minutes with buffer blank (O) or recombinant human TPA. 
Buffer blank or PGi, was added for the last 3 minutes of the 
preincubation, and platelets were activated with either thrombin 
or ADP, as described above. Concentrations of TPA and PGI, inthe 
combined incubations were the same as those used individually. 
Final concentrations of TPA and PGi, were 40 ug/ml and 1 
nmol/L, respectively, for thrombin-induced aggregations, and 4 
ug/mL and 2 nmol/L, respectively, for ADP-induced aggrega- 
tions. 


fourfold higher concentration of thrombin did not overcome 
this synergistic inhibition by the combination of PGI, and 
plasmin. 

Because thrombin-activated phospholipase C stimulates 
the release of endogenous arachidonic acid, which is metabo- 
lized to the potent proaggregatory and vasoconstrictor cico- 
sanoid TXA, in platelets, we studied the effects of plasmin 
and PGI, on inhibition of thrombin-stimulated TX A, forma- 
tion, measured by radioimmunoassay of its breakdown prod- 
uct, TXB,. As shown in Table 1, concentrations of plasmin 
and PGI, were determined that individually caused only 
slight inhibition of thrombin-induced TXB, production. 
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Fig 2. Synergistic inhibition of thrombin-induced increase in 


cytoplasmic free Ca?’ concentration ([Ca"']) by plasmin and 
prostaglandin l, (PGI,) in washed platelets. Tracings show fura2 
platelet [Ca’*], by fura2 fluorescence in response to the addition of 
0.25 U/mL thrombin (T) at the point of each arrow. From left to 
right individual tracings show: no preincubation; preincubation 
with 1 nmol/L of PGI, for 3 minutes: preincubation with 0.025 
caseinolytic units (CU}/mL of plasmin for 10 minutes; preincuba- 
tion with 0.025 CU/mL of plasmin for 10 minutes pius 1 nmol/L of 
PGI, for 3 minutes. In the last tracing, an additional stimulus of 1 
U/mL T was introduced 3 minutes after the initial stimulus of 0.25 
U/mL of T. 


When platelets were preincubated with a combination of 
both plasmin and PGI, at the same concentrations, marked 
potentiation of the inhibitory effect on TXB, formation was 
noted. Although the synergism between the inhibitory effects 
of plasmin and PGI, on platelet aggregation, [Ca?*],, and 
TXB, production was reproducibly and consistently 
observed, as yet unexplained individual variations in the 
magnitude of these platelet responses were found, 

The potentiating effect of plasmin on inhibition of platelet 
activation by PGI, was not mediated by cyclic AMP. As 
shown in Table 2, plasmin did not increase platelet cyclic 
AMP content. Furthermore, plasmin did not potentiate the 
PG l,-induced elevation of platelet cyclic AMP levels. 


DISCUSSION 
Our studies indicate that plasmin and PGI, act synergisti- 


cally to inhibit signal-response coupling in platelets. PGI, 


Table 1. Potentiation of Inhibition of Thrombin-Induced Platelet 
TXA, Production by Plasmin and PGI, 





Preincubations TXB, (pg/ 10° Platelets) 





Control 196.0 + 6.3 
Plasmin 150.8 + 5.7 
PGI, 149.8 + 25.6 
Plasmin + PGI, 26.4 +08 





TXA,, thromboxane A,; TXB,, thromboxane B,; PGI,, prostaglandin |,; 
CU, caseinolytic unit. 

Washed platelets (1.5 x 10°/mL) were preincubated at 37°C for 10 
minutes with buffer blanks (control), with 0.2 CU/mL of plasmin for 10 
minutes, with 107° mol/L of PGI, for 3 minutes, or with a combination of 
0.2 CU/mL of plasmin for 10 minutes and 10°? mol/L of PGI, for 3 
minutes. Aprotinin was added to all samples following the preincubation 
periods, and platelets were then activated with 0.37 U/mL of thrombin 
for 3 minutes. TXB, was measured by radioimmunoassay of supernatants 
of the completed reactions. Data are means + SE of triplicate determina- 
tions of two separate experiments. 
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Table 2. Effects of Plasmin and Thrombin on PGI,-Stimulated 








Platelet Cyclic AMP 
Additions Cyclic AMP (pmol/ 10° Platelets) 
Control 96.0 + 16.1 
Thrombin 123.5 + 17.7 
Plasmin 124.6 + 17.5 
Plasmin + thrombin 118.2 + 20.2 
PGI, 837.4 + 26.5 
PGi, + thrombin 373.1 + 19.4 
Plasmin + PGI, 871.9 + 34.7 
Plasmin + PGi, + thrombin 569.4 + 24.7 





Abbreviations as in Table 1. 

Platelets washed by gel filtration (~ 1.5 x 10°/mL) were preincubated 
at 37°C for 10 minutes with buffer blank (control) or plasmin (0.25 
CU/mL). Buffer blank or PGI, (107° mol/L) were then added for 30 
seconds, followed by buffer blank or thrombin (0.75 U/mL} for an 
additional 2 minutes. Reactions were stopped by the addition of an equal 
volume of ice-cold 10% trichloroacetic acid. Cyclic AMP in platelets was 
measured by radioimmunoassay and corrected for platelet counts. Data 
are means + SE of quadruplicate determinations of three separate 
experiments. 


exerts this effect by raising the intracellular concentration of 
cyclic AMP. The mechanism of platelet inhibition by plas- 
min is different and possibly more complex. Loss of platelet 
membrane glycoproteins following plasmin treatment!” 
might lead to loss of platelet receptors for thrombin'** and 
other agonists. We also recently showed that plasmin can 
activate platelet protein kinase C.'' Activation of protein 
kinase C by plasmin, detected by phosphorylation of the 
47-kDa protein in “PO,-labeled platelets as previously 
described,’' did occur under the conditions of these experi- 
ments (data not shown). Activation of platelet protein kinase 
C, in turn, feeds back to inhibit extracellular signal transduc- 
tion'*"” in response to thrombin and other agonists. There- 
fore, plasmin appears to exert its inhibitory effects on 
platelets, at least in part, by activation of protein kinase C. 
These results suggest that cyclic AMP and protein kinase C 
activation may synergistically inhibit the transduction of 
extracellular signals in platelets. This synergistic effect may 
be mediated by protein kinase C-induced phosphorylation 
and inactivation of the inhibitory guanine-nucleotide-bind- 
ing regulatory component (N; protein) of platelet adenylate 
cyclase. 

Thus, PGI, and plasmin act synergistically to inhibit 
platelet activation by blocking Ca? mobilization and the 
release and metabolism of arachidonic acid by both cyclic 
AMP and noncyclic AMP-mediated mechanisms. The 
potentiating inhibitory actions of plasmin and PGI, on 
platelet activation described in this study may operate in vivo 
as an important antithrombotic mechanism. Thrombin gen- 
eration at the site of vascular injury stimulates both fibrin 
formation and platelet aggregation to form a hemostatic 
plug. Surrounding the focus of injury, however, PGI, and 
TPA are released from intact endothelial cells; thus, PGI, 
and plasmin, possibly generated at locally amplified concen- 
trations, may act synergistically as potent inhibitors of 
further thrombin-mediated accrual of platelets to the hemo- 
static plug beyond the site of vascular injury. 


PLASMIN PROSTAGLANDIN l, SYNERGISM 
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Activities of Four Purified Growth Factors on Highly Enriched 
Human Hematopoietic Progenitor Cells 


By Annabel Strife, Caryl Lambek, David Wisniewski, Subhash Gulati, Judith C. Gasson, 
David W. Golde, Karl Welte, Janice L. Gabrilove, and Bayard Clarkson 


The activities of four purified human growth factors: 
biosynthetic (recombinant) granulocyte-macrophage colo- 
ny-stimulating factor (GM-CSF); recombinant erythroid- 
potentiating activity (EPA); natural and recombinant 
pluripoietin (Ppo); and natural pluripoietin alpha (Ppo a), 
were compared on the growth of hematopoietic colonies 
from enriched populations of human marrow and blood 
progenitor cells. Conditioned medium from the Mo T cell 
line (MoCM) was used as a standard positive control. We 
found that activities of GM-CSF and Ppo a on the growth of 
hematopoietic colonies were indistinguishable; Ppo a is 
now believed to be identical to GM-CSF. Both factors were 
able to promote the growth of colonies derived from 
subpopulations of CFU-GM, BFU-E, and CFU-GEM. Colonies 
derived from CFU-GM and CFU-GEM in cultures stimulated 
by GM-CSF and Ppo a were much smatier than in cultures 
stimulated by MoCM. In contrast to previous reports in 
which less highly enriched progenitors were used as target 


EVERAL purified growth factors with demonstrable 

activity in stimulating the growth of human hemato- 
poietic progenitor cells recently became available. To exam- 
ine the direct action of these growth factors on progenitor 
cells properly, several essential conditions must be estab- 
lished: (a) The target cells must be highly enriched popula- 
tions of progenitors depleted of accessory cells that may 
endogenously produce stimulating activities or mediate the 
action of exogenous growth factors: (b) the number of 
colonies per culture should be kept low to avoid indirect 
stimulation produced by developing colonies (ie, large num- 
bers of developing CFU-GM derived colonies may potentiate 
the survival of BFU-E derived colonies); (c) the semisolid 
culture environment must be sufficiently dense to avoid 
migration of cells that could result in overlapping colonies; 
(d) the activities of the purified growth factors must be 
compared on target populations from several different 
donors because the composition of progenitor cell popula- 
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cells, Ppo had no detectable activity on the growth of 
colonies derived from BFU-E or CFU-GEM but promoted the 
growth of a subpopulation of CFU-GM derived colonies. 
Ppo is now recognized to be identical to G-CSF. The GM 
colonies in cultures stimulated by G-CSF (Ppo) were much 
smaller than in cultures stimulated by MoCM. EPA had no 
detectable activity on either the size or number of colonies 
derived from CFU-GM, BFU-E, or CFU-GEM. Results from 
experiments using target cell populations of marrow frac- 
tions separated by velocity sedimentation and marrow 
populations following freezing suggested that GM-CSF 
(Ppo a) and G-CSF (Ppo) primarily affect the growth of 
relatively mature subpopulations of progenitor cells. it is 
clear from these results that additional factor(s) are pres- 
ent in MoCM that are necessary to stimulate CFU-GM, 
BFU-E, and CFU-GEM maximally in vitro. 

© 1987 by Grune & Stratton, Inc. 


tions vary from donor to donor (eg, number and size of 
colonies, morphological composition of CFU-GM derived 
colonies, and relative maturity of progenitor cells). 

Using these conditions, we compared the activities of four 
purified growth factors. Human granulocyte-macrophage 
colony-stimulating factor (GM-CSF)! and erythroid-poten- 
tiating activity (EPA)? were purified from serum-free Mo- 
conditioned medium (MoCM) prepared from the Mo T cell 
line? GM-CSF, a glycoprotein with a mol wt of 22,000, has 
been reported to: (a) stimulate the growth of colonies derived 
from human granulocyte-macrophage progenitors (CFU- 
GM)'; (b) stimulate colony formation by the KG-1 myeloid 
leukemia cell line'; (c) inhibit neutrophil motility (NIF-T 
activity)'; and (d) activate neutrophils (NAF).4 Human 
GM-CSF was subsequently cloned from an expression com- 
plementary DNA library prepared from Mo cell messenger 
RNA." The recombinant GM-CSF was expressed in Cos 
(monkey) cells, and the supernatant was assayed. A single 
human gene was demonstrated to encode a protein with 
NIF-T,’ CSF,' and NAF* activities. Recently, recombinant 
GM-CSF was shown to have burst-promoting activity (BPA) 
for erythroid burst-forming units (BFU-E)°" and multipo- 
tential colony-stimulating activity for CFU-GEMM®73® 
from enriched populations of human hematopoietic progeni- 
tor cells, 

EPA has a mol wt of 28,000 and has been reported to 
stimulate the growth of both early and late erythroid precur- 
sors from buffy coat and light-density human bone marrow 
cells, as well as colony formation by the K562 human 
erythroleukemia cell line.? Subsequently, a complementary 
DNA molecular clone that encodes EPA was isolated, and 
the recombinant EPA was expressed in Cos cells and Chinese 
hamster ovary (CHO) cells.'? More recently, the structure of 
a human tissue inhibitor of metalloproteinases (TIMP), a 
protein identical to EPA, was described.’ Whether TIMP 
has erythroid-potentiating activity has not yet been deter- 
mined.” 

Pluripoietin (Ppo)' and pluripoietin alpha (Ppo a)! are 
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human hematopoietic growth factors purified from the 5637 
human bladder carcinoma cell line conditioned medium 
which has previously been shown to produce hematopoietic 
growth factors." Ppo has a mol wt of 18,000 and has been 
reported to: (a) support the growth of colonies derived from 
human CFU-GEMM, BFU-E, and CFU-GM from low- 
density, nonadherent and T lymphocyte-depleted human 
bone marrow cells'*; (b) induce differentiation of the human 
promyelocytic leukemic cell line HL-60 and the murine 
myelomonocytic leukemic cell line WEHI-3B (D+)'*; (c) 
induce proliferation of low-density, nonadherent and T cell- 
depleted or MY10-positive human bone marrow cells in 
liquid culture’; (d) activate the function of peripheral blood 
granulocytes (ADCC) and monocytes'*; (e) synergize with 
monocytes in the interleukin-2 (IL-2)—induced stimulation 
of lymphokine-activated killer (LAK) activity’; (f) regulate 
the expression of the MY 10 antigen on bone marrow cells'*; 
and (g) synergize with Ppo a in supporting the growth of 
fresh myeloid leukemic cells.'* The identity of the purified 
protein (Ppo) has been confirmed by molecular cloning of the 
gene." 

Ppo a has a mol wt of 16,500 and has been reported to: (a) 
support the growth of colonies derived from human CFU- 
GEMM, BFU-E, and CFU-GM from low-density, nonad- 
herent and T lymphocyte-depleted human bone marrow 
cells'*; (b) induce differentiation of the human promyelo- 
cytic leukemic cell line HL-60"°; (c) induce expression of 
chemotactic peptide receptors in leukemic cells as well as in 
normal peripheral blood granulocytes”; and (d) function as a 
chemoattractant for neutrophils and inhibit their migra- 
tion." 

The activities of these four purified growth factors were 
studied on enriched normal human hematopoietic progenitor 
cells. Using density separations and a panel of monoclonal 
antibodies followed by immunoadherence (panning) or 
immune rosetting, we depleted normal bone marrow and 
peripheral blood specimens of accessory and maturing cells 
to obtain enriched populations of progenitor cells by negative 
selection. In some studies, postpanning marrow progenitor 
cells were further enriched by velocity sedimentation in a 
Ficoll isokinetic gradient, ™™ which separates cells primarily 
on the basis of cell size. As we™ and others“ have 
previously found, progenitor cells differing in size also differ 
in degree of maturation, with the most primitive progenitor 
cells residing primarily in the small cell fractions and the 
more mature progenitor cells residing primarily in the larger 
cell fractions. We therefore used the isokinetic gradient to 
determine the degree of maturation of the progenitor cells 
stimulated by the purified growth factors. In addition, post- 
panning marrow cells, either before or after velocity sedi- 
mentation separation, were studied after being frozen to 
determine the activities of the purified growth factors on 
progenitors that had survived freezing. 


MATERIALS AND METHODS 
Bone Marrow Specimens 


After appropriate human protection committee validation and 
informed consent, posterior iliac crest bone marrow aspirations were 
obtained from normal volunteers. The mean cell count of the 
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undiluted marrow aspirates was 61 x 10° nucleated cells/mL. Bully 
coat (BC) cells were collected after centrifugation of the undiluted 
marrow aspirates at 800 rpm for 10 minutes at 5°C and suspended in 
McCoy medium supplemented with 10% fetal calf serum (PCS) 
(Sterile Systems Inc, Logan, UT). The diluted BC cells were first 
depleted of platelets by centrifugation over Percoll (1.050 g/em*) 
(Pharmacia Fine Chemicals, Piscataway, NJ) at 2,000 rpm for 15 
minutes at S°C. All the supernatant containing the platelets was 
discarded, and the pellet of BC cells was recovered. We have found 
that this procedure results in maximal removal of platelets, which is 
essential to avoid clumping in our final enriched fraction. Light- 
density cells were subsequently obtained by centrifugation over 
Percoll (1.075 g/cm’)* at 2,000 rpm for 15 minutes at 5°C, The 
mean recovery of the initial total number of nucleated cells following 
centrifugation to obtain the BC cells and sedimentation on Percoll 
(1.050 g/cm’) was 81%; it was 42% following sedimentation on 
Percoll (1.075 g/cm’). 


Blood Specimens 


After appropriate human protection committee validation and 
informed consent were obtained, heparinized peripheral blood speci- 
mens (150 to 200 mL) were obtained from normal volunteers. 
Light-density (density <1.077 g/cm*) mononuclear cells (MNCs) 
were obtained by sedimentation of diluted whole blood on a Ficoll- 
Hypaque (Pharmacia) density cushion.” MNCs were depleted of 
most monocytes by adherence to plastic Ussue culture dishes for 40 
minutes at 37°C before incubation with a panel of monoclonal 
antibodies (Mabs). 


Monoclonal Antibodies 


Ascites fluids containing Mabs anti-B1,"’ anti-B4,* anti My4,” 
anti-My8. anti-N901.* anti-903 (directed against the same anti- 
gen as anti-Mol but an IgGi Mab) (J.D. Griffin, personal commu- 
nication), and anti-12* were kindly supplied by Dr James D. 
Griffin and Dr Stuart F. Schlossman (Dana Farber Cancer Center, 
Boston). Anti-human LyT-3 (clone 9.6) Mab” was initially obtained 
from New England Nuclear (Boston), but more recently has been 
kindly supplied by Dr John A. Hansen (Fred Hutchison Cancer 
Center, Seattle). Ascites fluid containing anti-glycophorin A (R10) 
Mab™ was kindly supplied by Dr Paul Edwards (Ludwig Institute 
for Cancer Research, Surrey, England). Anti-Leu-1°*** and anti- 
Leu-4* in the form of tissue culture supernatants of cloned lines 
were kindly supplied by Dr Robert L. Evans (Sloan-Kettering 
Institute for Cancer Research, New York). Anti-Leu-9°°* was 
obtained from Becton Dickinson Monoclonal Center (Mountain 
View, CA). WEM-G11 Mab” was supplied through the courtesy of 
Dr Donald Metcalf by Dr Angel Lopez (Institute of Medical and 
Veterinary Science, Adelaide, South Australia). 


Enrichment of Bone Marrow Progenitor Cells by Negative 
Selection 


Panning procedure. Affinity plates for panning were prepared 2 
to 4 days prior to use by the indirect method of Barker and 
colleagues” as previously described in detail.’ One hundred to 
200 x 10° light-density bone marrow cells were incubated with 
saturating amounts of a panel of Mabs (ant!-BI, anti-B4, anti-My4, 
anti-My8, anti-903, anti-N901, anti-human LyT-3, anti-Leu-], and 
anti-glycophorin A) for 30 minutes on ice. After coating, the cells 
were washed twice with ice-cold McCoy’s 5A medium + 10% 
heat-inactivated (H-1) FCS and adjusted to a cell concentration of 
2x 10f/mL in the same medium. WEM-GI1, which results in 
further depletion of promyelocytes and myelocytes, was not obtained 
until recently and therefore was only included in the panel of Mabs 
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in a few of the most recent studies. The panning procedure was 
performed as previously described.” 

Representative antibody-negative populations were examined by 
fluorescent activated cell sorter (FACS) analysis and were negative 
for all Mabs used in the negative selection procedures, thus demon- 
strating the complete removal of all known accessory cell popula- 
tions. 

A mean of 1.9%, and more recently with the addition of WEM- 
G11, 0.5%, of the initial buffy coat cells were recovered in the 
nonadherent antibody-negative fraction. The mean recoveries of 
progenitor cells from the light-density fraction were 47% for BFU-E 
(35% to 63%) and 68% for day 14 CFU-GM (52% to 88%). Because 
none of the antigens identified by the monoclonal antibodies used in 
the depletion procedures are present on hematopoietic progenitor 
cells, the loss of progenitor cells most likely reflects nonspecific loss. 


Velocity Sedimentation in an Isokinetic Gradient 


A modification of the isokinetic gradient of Pretlow and col- 
leagues” for velocity sedimentation was used to separate the 
nonadherent antibody-negative cells postpanning primarily on the 
basis of differences in cell size as previously described. McCoy’s SA 
medium (modified) supplemented with 10% FCS and 25 mmol/L of 
Hepes buffer was used to prepare all solutions used in the gradient. 
The gradient was constructed in an [EC (International Equipment 
Company, Needham Heights, MA) 100-mL capacity polycarbonate 
tube placed on ice. Thirty-five milliliters each of 2.7% and 5.5% 
(wt/vol) Ficoll were introduced into a GM-1 gradient mixer (Phar- 
macia). The solution was allowed to flow through tubing connected 
to a Gilson Minipuls H peristaltic pump (Gilson Medical Electron- 
ics, Middleton, WI) at 2 mL/min and layered on a 5.5-mL cushion 
of 30% (wt/vol) Ficoll. Five milliliters of cell suspension were then 
layered on the top of the gradient. The gradient tube was slowly 
brought up to 780 rpm in an IEC refrigerator centrifuge (model 
PR-2) at 4°C and centrifuged for 15 minutes. After centrifugation, 
the gradient tube was placed on ice and a 15-gauge needle, equipped 
with a custom-made conical brass cap, was inserted through the 
center of the gradient. A 35% solution of sucrose was pumped 
through the long needle at ~3 mL/min, and 4-mL fractions were 
collected by upward displacement of the gradient. The upward 
displacement method minimizes the skewing effect commonly 
observed when fractions are collected through a hole made in the 
bottom of the gradient tube. In contrast to sedimentation at unit 
gravity, this system uses a centrifugal field, permitting the separa- 
tion to utilize a much longer gradient and to be completed in a short 
period of time. 


Cryopreservation 


Bone marrow cells were cryopreserved using a mixture containing 
both 5% dimethylsulfoxide (DMSO) and 6% hydroxyethyl starch 
(HES) as previously described.® In addition, the cell suspension 
contained 20% to 45% autologous plasma or serum. Cells were 
placed in Nunc polypropylene cryotubes (Vangard International, 
Neptune, NJ) and initially were frozen at ~120°C in a Revco 
freezer (Rheem, Asheville, NC) and later were transferred to a 
Union Carbide liquid nitrogen refrigerator (Union Carbide, Indian- 
apolis). When defrosting, the cell suspension was immediately added 
to McCoy’s medium supplemented with Hepes buffer, 10% FCS, 
and 50 to 60 U of deoxyribonuclease | (DNase) (Cooper Biomedi- 
cal, Malvern, PA). The cells were incubated with DNase for 30 
minutes on ice and then layered on a Ficoll-Hypaque density 
cushion. Following centrifugation, the viable cells were recovered at 
the Ficoll-Hypaque~plasma interface. 

Freezing of postpanning marrow cells leads to further enrichment 
of progenitor cells since freezing destroys more mature progenitors, 
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including myelocytes, the major contaminating cells after panning. 
The mean percentage of blasts following freezing was 77% (53% to 
100%). The mean recoveries of progenitor cells after freezing were 
49% for BFU-E (20% to 79%) and 39% (10% to 71%) for day 14 
CFU-GM. 


Enrichment of Peripheral Blood Progenitor Cells by 
Immune Rosetting 


Negative selection. Peripheral blood light-density, nonadherent 
cells were incubated with optimal concentrations of a panel of Mabs 
(anti-B1, anti-B4, anti-My4, anti-My8, anti-903, anti-N9OI, anti- 
human LyT-3, anti-Leu-1, anti-Leu-4, and anti-Leu-9) for 30 
minutes on ice. After being coated, the cells were washed twice and 
resuspended in McCoy medium containing 10% H-I FCS to a cell 
concentration of 15 x 10° cells/mL. One milliliter of cell suspension 
was mixed with | mL of a 2% solution of bovine RBCs (Hazleton, 
Denver, PA) coated with affinity-purified goat anti-mouse IgG 
(Boehringer Mannheim, Indianapolis) by CrCl, linkage.” After 
centrifugation, the tubes were placed on ice for 30 minutes, at which 
time the pelleted cells were resuspended and rosetted and nonro- 
setted cells were separated by centrifugation on a Percoll density 
solution (1.080 g/cm’). The nonrosetted antibody-negative cells 
were recovered at the interface and washed twice with complete 
medium. 

Positive selection for further enrichment. \n some studies, the 
nonrosetted antibody-negative cells were incubated with anti-12 and 
immune rosetted as described above. The pelleted rosetted cells were 
recovered and, after lysis of indicator bovine RBCs with Tris- 
buffered NH,CI, the Ia positive cells were washed twice with 
complete medium. 


Progenitor Cell Assays 


To assay for colonies derived from BFU-E, CFU-GM, and 
CFU-GEM, the enriched blood and bone marrow progenitor cell 
populations were cultured in methylcellulose as previously 
described.“ Cell cultures consisted of 1 mL of Iscove’s modified 
Dulbecco's medium (IMDM) (GIBCO, Grand Island, NY) contain- 
ing 24% FCS, 0.8% deionized bovine serum albumin (BSA) (Sigma 
Chemical, St Louis), 10° mol/L of 2-mercaptoethanol (Sigma), 
and methylcellulose at a final concentration of 1.3% in 35-mm Lux 
tissue culture dishes (Miles Scientific, Naperville, IL}. The 
increased methylcellulose concentration results in large, cempact 
colonies, which facilitates accurate scoring. One unit of partially 
purified human urinary erythropoietin (EPO) (specific activity 49 
U/mg) (Toyobo, NY) was added either at the initiation of culture or 
48 hours later. 

Positive control cultures to measure the optimal cloning potential 
of the enriched progenitors contained 10% of a selected lot of MoCM 
prepared from the human Mo T lymphoblast cell line. > IMDM was 
substituted for MoCM in negative control cultures. The purified 
growth factors were added at appropriate concentrations as 
described in the Results section. 

In some studies, bovine hemin (ferric chloride protoporphyrin | x} 
(Sigma) was added at a final concentration of 0.2 mmol/L." The 
addition of hemin results in larger and more clearly hemoglobinized 
BFU-E with MoCM. Quadruplicate cultures were incubated in a 
humidified atmosphere of 5% CO, in air. Colonies were scored using 
a Leitz Diavert microscope. Al! values are expressed as mean + | 
SD. When only CFU-GM were assayed, EPO and hemin were 
excluded from the cultures and replaced by an equa! volume of 
IMDM, but all other cul:ure conditions remained the same. CFU- 
GM derived colonies were scored at 3, 7, and 14 days. Total 
CFU-GM aggregates were defined as “colonies” containing two or 
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more cells beginning at 3 days. In addition, at 7 and 14 days, the 
number of GM colonies >40 cells and > 100 cells were enumerated, 

To determine if the small, dispersed GM colonies or developing 
BFU-E in the IMDM negative controls were being stimulated by an 
(undetectable) accessory cell population, we cloned increasing num- 
bers of cells (50, 100, 200, 500, 1,000, 2,000, and 4,000 cells/ 
mL/35-mm dish). For detection of the GM colonies, no EPO was 
added to the cultures. Twelve cultures were prepared for each of the 
3 lowest concentrations, 8 cultures were prepared for 500 cells/mL, 
and 4 cultures were prepared for each of the 3 highest concentra- 
tions. No increase was noted in either the incidence or size of the GM 
colonies at 7 or 14 days with increasing numbers of cells cloned. 
Similarly, in the BFU-E cultures, no increase was noted in the 
incidence or size of the BFU-E colonies at 14 days with increasing 
numbers of cells cloned, 

To evaluate the morphological composition of colonies, individual 
colonies were aspirated into a finely drawn Pasteur pipette by 
capillary action and expressed onto a glass slide with a rubber bulb. 
The colony was immediately dried with a fine stream of compressed 
air and subsequently stained with May-Grunewald-Giemsa stain. 
The colonies were examined to determine whether they were neutro- 
philic, monocytic, and/or eosinophilic. 

All the cell separation procedures, biological assays, and other 
experimental procedures described above used to examined the 
biological activities of the growth factors were conducted in the 
Laboratory of Hematopoietic Cell Kinetics in Sloan-Kettering Insti- 
tute. 


Purified Growth Factors 


Purified biosynthetic (recombinant) GM-CSF and purified bio- 
synthetic (recombinant) EPA were prepared as described.'**? and 
supplied by Dr David Golde and Dr Judith Gasson. Natural Ppo and 
Ppo a were prepared as reported'*”* and supplied by Dr Karl Welte 
and Dr Janice Gabrilove. Recombinant Ppo, recently renamed 
granulocyte colony-stimulating factor (rhG-CSF), was kindly sup- 
plied by Dr Lawrence M. Souza, Amgen, Thousand Oaks, CA.” In 
this article, we have referred to recombinant Ppo as rPpo because 
this was the designation in use during the course of our experi- 
ments. 


RESULTS 
Purified Growth Factors 


Purified biosynthetic (recombinant) GM-CSF was used in 
all studies. In preliminary experiments, GM-CSF was 
screened at concentrations from 5 to 1,000 pmol/L. At a 
concentration as low as 5 pmol/L, GM-CSF promoted the 
growth of CFU-GM and a subpopulation of BFU-E from 
enriched populations of human marrow progenitor cells. In 
most studies, GM-CSF was used at a concentration of ~ 100 
pmol/L, but in a few studies 10 pmol/L was used and gave 
similar results. Increasing the concentration of GM-CSF to 
>100 pmol/L did not show any discernible increase in 
activity. 

Purified biosynthetic (recombinant) EPA was used in all 
studies. EPA was screened at concentrations from 1 to 1,000 
pmol/L. In our system, EPA had no significant activity on 
the growth of hematopoietic colonies from enriched popula- 
tions of marrow progenitor cells at any concentration tested. 
After the initial screening, EPA was used at 10 pmol/L since 
higher concentrations have been reported to have an inhibi- 
tory effect.’ 


111 


Both the natural Ppo purified from the 5637 cell line and 
biosynthetic (recombinant) Ppo (rPpo) were used in these 
studies at a concentration of 500 U/mL. In our initial 
studies, only the natural Ppo was available. In later experi- 
ments, only the recombinant Ppo (rPpo) was available; thus, 
we could not compare their activities on the same marrow 
specimens. The results using rPpo were within the range of 
values obtained with natural Ppo and therefore were not 
specifically designated in Figs 1, 2, 4, and 6. rPpo and Ppo 
were shown by others to have identical activity when com- 
pared on the same marrow population.” 

The natural Ppo a purified from the 5637 human bladder 
carcinoma cell line was used in all studies at a concentration 
of 500 U/mL. This concentration showed similar activity to 
GM-CSF at a concentration of 10 and 100 pmol/L. 

Ppo and Ppo «a units were determined from dose-response 
curves and expressed as units per milliliter. Fifty units is the 
concentration stimulating a half-maximal colony number.“ 


Stimulation of Day 14 CFU-GM Derived Colonies Fram 
Enriched Populations of Normal Marrow Progenitor Cells 


Using density separations and a panel of Mabs followed by 
immunoadherence (panning), normal bone marrow speci- 
mens were depleted of accessory and maturing cells to obtain 
enriched populations of progenitor cells by negative selection 
(a detailed description of procedures and recovery data is 
given in the Materials and Methods section). The activities 
of EPA, GM-CSF, Ppo a, and Ppo on the growth of day. 14 
CFU-GM from populations of enriched marrow progenitor 
cells are shown in Fig 1. The cloning efficiencies were 
normalized, and the MoCM positive control was taken as 
100%. All GM colonies stimulated with MoCM were >40 
cells, and most colonies had from several hundred to several 
thousand cells. EPA showed no significant activity over the 
IMDM-negative control in four experiments. CFU-GM 
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Fig1. Total CFU-GM aggregates (T) and CFU-GM > 40 cells at 


14 days are shown as a percentage of the MoCM control (condi- 
tioned medium from the Mo T cell line, normalized to 100%). The 
target populations were enriched marrow progenitor cells cloned 
at 1,500 to 5,000 cells/mL. The median cloning efficiency of day 14 
CFU-GM derived colonies with MoCM was 1.2% (range 0.6% to 
2.0%). Concentrations of the growth factors were: erythroid- 
potentiating activity (EPA) 10 pmol/L; GM-CSF 10 and 100 pmol / 
L; pluripoietin a (Ppo a} 500 U/mL: natural and recombinant 
pluripoietin (Ppo) 500 U/mL. In two studies rPpo was used, and in 
four studies natural Ppo was used. IMDM alone was the negative 
control. Four to eight 35-mm plates were counted for each value. 
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derived colonies seen in the IMDM negative controls and 
with EPA were small dispersed colonies at 14 days. With an 
increased concentration of methylcellulose (1.3%), it was 
easier to detect CFU-GM that were capable of developing 
without an exogenous source of stimulating factor(s). The 
number of colonies varied depending on the level of matura- 
tion of the target cell fraction. Some of these small colonies 
still existed at 7 and 14 days in 1.3% methylcellulose as 
opposed to cultures of more dilute methylcellulose (0.8% to 
1.0%) in which they would have already largely dispersed. 
Only rarely did CFU-GM reach a size >40 cells in IMDM 
control cultures. 

To determine if these small, dispersed GM colonies in the 
IMDM negative controls were being stimulated by an unde- 
tectable accessory cell population, we cloned increasing 
numbers of cells (range 50 to 4,000 cells/mL /35-mm dish) 
(data not shown a detailed description is given in the 
Materials and Methods section). No increase was noted at 7 
or 14 days in either the incidence or size of these GM colonies 
with increasing numbers of cells cloned. All were dispersed 
colonies, and most were <20 cells. Because the number of 
GM colonies at 14 days was <1/50 cells, the data suggest 
that these CFU-GM were capable of limited divisions in the 
absence of mediation by an accessory cell population. 
Whether this latter limited proliferation is an intrinsic 
charcteristic of this small population of CFU-GM or is due to 
unknown factors present in FCS is unknown. 

Ppo a and GM-CSF had very similar activities when 
compared on four marrow populations, both in the numbers 
of total CFU-GM aggregates and CFU-GM >40 cells. 
Taken together, Ppo a (4 marrows} and GM-CSF (13 
marrows) gave a mean of 86% (+20) (total CFU-GM 
aggregates) and 23% (+12) (CFU-GM >40 cells) of those 
obtained with MoCM at 14 days. Morphological examina- 
tion of day 14 CFU-GM derived colonies stimulated by 
GM-CSF revealed that most of the small colonies were 
neutrophilic and monocytic whereas most of the larger 
colonies were eosinophilic. On the other hand, day 14 CFU- 
GM derived colonies stimulated by MoCM were almost all 
large, and morphological examination showed them to be 
neutrophilic, monocytic, and eosinophilic. The ratio of mor- 
phological cell types varied with the donor. 

The activity of Ppo showed less variance between the total 
number of day 14 CFU-GM aggregates [mean 64% (+10)] 
and CFU-GM >40 cells [mean 50% (+ 12)] of MoCM on six 
marrow populations. When examined morphologically, day 
14 CFU-GM derived colonies stimulated by Ppo were neu- 
trophilic and monocytic; no eosinophilic colonies were seen. 
It should be emphasized that even the larger CFU-GM 
derived colonies stimulated by GM-CSF, Ppo a, and Ppo 
were almost invariably much smaller than CFU-GM derived 
colonies stimulated by MoCM. 


Stimulation of Day 14 CFU-GM Derived Colonies From 
Enriched Populations of Normal Marrow Progenitor Cells 
Following Freezing 

Even though as little as 0.5% of buffy coat myelocytes is 
recovered following immunoadherence, myelocytes are still 
the major contaminating cell population after panning. To 
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enrich marrow progenitor cells further, we froze postpanning 
marrow populations since freezing destroys more mature 
progenitors, including myelocytes. The mean percentage of 
blasts and promyelocytes after freezing was 77% (53% to 
100%) and 14% (0% to 34%), respectively. The mean recov- 
ery of day 14 CFU-GM was 39% (10% to 71%), and the 
CFU-GM that survived freezing formed large healthy colo- 
nies with MoCM (all were >40 cells, and most contained 
several hundred to several thousand cells). 

In Fig 2, the activities of GM-CSF, Ppo a, and Ppo en the 
growth of day 14 CFU-GM derived colonies from enriched 
populations of marrow progenitor cells following freezing are 
shown. The ability of GM-CSF and Ppo a to stimulate day 
14 CFU-GM after freezing was markedly reduced. The 
largest reduction was in total CFU-GM aggregates (mean 
86% of MoCM prior to freezing (Fig 1) as compared with a 
mean of 19% (+7) of MoCM on postfreezing populations) 
and a somewhat smaller reduction in their ability to stimu- 
late CFU-GM >40 cells (mean 23% of MoCM prior to 
freezing as compared with a mean of 10% (+6) of MoCM on 
postfreezing populations). Freezing, therefore, apparently 
destroyed most of the CFU-GM that gave rise to small 
colonies (<40 cells) seen in day 14 cultures stimulated by 
GM-CSF. Day 14 CFU-GM derived colonies from one 
postfreezing marrow population, stimulated by GM-CSF, 
were eosinophilic, monocytic (and rarely macrophage) colo- 
nies. No small neutrophilic colonies were seen with GM- 
CSF, as was the case in marrow populations prior to freezing. 
From the same marrow, day 14 CFU-GM derived colonies 
stimulated by MoCM were eosinophilic, promonocytic, and 
neutrophilic. 

As shown in Fig 2, the degree of reduction in the ability of 
Ppo to stimulate day [4 CFU-GM in postfreezing marrow 
populations was more variable; in three experiments there 
was a striking reduction in the activity of Ppo, whereas in two 
other experiments the reduction was less pronounced. On 
morphological examination, day 14 CFU-GM derived colo- 
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Fig2. Total CFU-GM aggregates iT) and CFU-GM > 40 cells at 


14 days are shown as a percentage of the MoCM control (condi- 
tioned medium from the Mo T cell line, normalized to 100%). The 
target populations were enriched marrow progenitor cells follow- 
ing freezing cloned at 400 to 1,200 cells/mL. The median cloning 
efficiency of day 14 CFU-GM derived colonies with MoCM was 
3.2% {range 1.3% to 7.0%). Concentrations of the growth factors 
were: GM-CSF 10 and 100 pmol/L; pluripoietin a (Ppo a) (X}in one 
study 500 U/mL; natural and recombinant pluripoietin (Ppo) 500 
U/mL. In two studies rPpo was used and in three studies natural 
Ppo was used. IMDM alone was the negative control. Four to eight 
35-mm plates were counted for each value. 
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Tabie 1. Growth of CFU-GM-Derived Colonies From Enriched Marrow Progenitor Cell Populations Before and After Freezing 




















3 Days 7 Days 14 Days 
Total Total >40 Cells Totat > 40 Calis > 100 Celis 
CE (%) * CE (%) ” CE (%) * CE {%) * CE (%} + cE (96) a mS 
At aaa 
MoCM 3.7 3.4 0.6 1.3 1.3 0.9 
IMDM 0.5 (14) 0.8 (24) 0 (0) 0 (0) 0 (0) 0 (Q} 
GM-CSF 2.0 (54) 2.0 (59) 0 {0} 0.9 (69) 0.2 (15) 0.03 (3) 
Ppo 1.7 {46} 2.1 (62) 0.2 (33) 0.7 (54) 0.5 (39) 0.03 (3) 
Bt 
MoCM 4.1 4.7 1.3 2.5 25 2.3 
IMDM is) {0) 0.2 (4) ie} (O} 0 (0) 0 {O) 0 (O 
GM-CSF 0.2 (5) 0.4 (9) 0 (0) 0.4 (16) 0.4 (16) 0.2 {9} 
Ppo 0.5 (12) 0.5 (11) o (0) 0.8 (32) 0.7 (28) 0.1 {4} 
CE, cloning efficiency; MoCM, conditioned medium from Mo T cell line; IMDM, Iscove’s modified Dulbecco's medium; Ppo, natural and recombinant 
pluripoietin. 
*Percent of MoCM. 


+Population of enriched marrow progenitor cells before freezing (blasts 30%; promyelocytes 15%; myelocytes 42%) cloned at 2,400 cells/mL. 
tPopuiation of enriched marrow progenitor cells postfreezing {blasts 73%: promyelocytes 23%; myelocytes 0%) cloned at 1,200 celis/mL. 
Concentration-of GM-CSF was 100 pmol/L; Ppo concentration was 500 U/mL. For population A, rPpo was used; for population B, natural Poo-was 


used. 


nies from postfreezing marrow populations, stimulated by 
Ppo, were mature neutrophilic, monocytic (and rarely 
macrophage) colonies. 

The larger CFU-GM derived colonies stimulated by Ppo, 
GM-CSF, and Ppo a were almost always much smaller than 
CFU-GM derived colonies stimulated by MoCM. 


Comparison of Activities of GM-CSF and Ppo on Growth 
of CFU-GM Derived Colonies at 3,7, and 14 Days 


The development of CFU-GM derived colonies from 
enriched marrow progenitor cell populations was followed by 
serially evaluating the number and size of CFU-GM derived 
colonies at 3, 7, and 14 days. Table | shows the results of a 
representative experiment before and after freezing. GM- 
CSF stimulated a large number of small CFU-GM derived 
colonies (<40 cells) from the unfrozen marrow population at 
7 days, and at 14 days in these same cultures, the majority of 
the GM colonies present (~80%) were still <40 cells. Thus, 
only a small number of the CFU-GM derived colonies 
reached a size >40 cells, and only a rare CFU-GM derived 
colony obtained a size >100 cells as compared with CFU- 
GM derived colonies stimulated by MoCM. In contrast, 
after freezing, the population of small CFU-GM stimulated 
by GM-CSF was not present in the marrow population, and 
only larger colonies survived. Although all the CFU-GM 
stimulated by GM-CSF at 7 days were <40 cells, at 14 days 
all were >40 cells and 50% of these were >100 cells. The 
activity of GM-CSF on CFU-GM >40 cells, when compared 
with the activity of MoCM, was similar in both marrow 
populations (before and after freezing) at 14 days (>40 cells 
15% to 16% and >100 cells 3% to 9% of MoCM). The data 
indicate that the reduction in activity of GM-CSF on growth 
of CFU-GM derived colonies in marrow populations follow- 
ing freezing is therefore essentially due to a loss of CFU-GM 
with limited proliferative capacity in postfreezing marrow 
populations. 

The reduction in activity of Ppo on growth of CFU-GM 


derived colonies in postfreezing marrow populations was 
greatest at 7 days (total CFU-GM aggregates 62% of 
MoCM prior to freezing as compared with 11% of MoCM 
after freezing, and CFU-GM derived colonies >40 cells 33% 
of MoCM prior to freezing as compared with 0% of MoCM 
after freezing). At 14 days, the activity of Ppo when 
compared with MoCM was less reduced following freezing 
(the major reduction being in CFU-GM derived colonies 
<40 cells). Therefore, these results indicate that the reduc- 
tion in activity of Ppo on growth of CFU-GM in marrow 
populations following freezing is primarily due to a loss of a 
subpopulation of day 7 CFU-GM derived colonies. 


Velocity Sedimentation of Enriched Marrow Progenitor 
Cell Populations in a Linear Ficoll Isokinetic Gradient 


To characterize the nature of the progenitors stimulated 
by GM-CSF further, populations of enriched normal mar- 
row progenitor cells were separated on a Ficoll isokinetic 
gradient to separate the progenitors on the basis of cell size. 
Based on previous experience with this gradient, we obtained 


Table 2. Differentials of the Three Pooled Fractions From the 
Linear Ficoll Gradient and the Distribution of Individual 
Cell Types in the Gradient 





Distribution in the Gradient 
Differential (%} 





Pro Myel Ly 


F4-10 70 9 5 13 3 76 16 3 93 
F11-12 23 22 50 1 4 18 25 22 7 
F13-15 4 22 73 0 1 6 59 75 0 


Fraction BI Pro Mye Ly Other Bi 











A population of enriched marrow progenitor cells following panning 
was separated on a linear Ficoll isokinetic gradient. Left: differentials are 
shown for the three pooled fractions: Bi, blasts; Pro, promyelocytes: 
Myel, myelocytes: Ly, lymphocytes. Right: distribution for each cell type 
in the gradient. The latter was calculated by normalizing the total of each 
cell type recovered in the gradient to 100. Same marrow gradient as that 
shown in Figs 3 and 7 and Tables 3 and 4. 
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Fig 3. The total number of nucleated cells and the total 
number of CFU-GM, BFU-E, and CFU-GEM (stimulated by MoCM) 
recovered in the linear Ficoll isokinetic gradient were normalized 
to 100, and their distribution in the pooled fractions is shown as a 
percentage of the total. Same marrow gradient as that shown in 
Tables 2, 3, and 4, and Fig 7. 


three pooled fractions. F4-10 is the small cell fraction, 
FI 1-12 contains cells intermediate in size, and F13-15 is the 
large cell fraction. Similar results were obtained in four 
gradients and we illustrate the results with one representa- 
tive study. 

Of the cells layered on the gradient, we recovered 51% of 
all nucleated cells in the three fractions: 100% of the blasts, 
60% of the promyelocytes, 40% of the myelocytes, and 24% 
of the lymphocytes. The cloning efficiencies of the unfrac- 
tionated panned population were: CFU-GM 1.5%, BFU-E 
2.4%, and CFU-GEM 0.02%. The cloning efficiencies of the 
total panned population recovered from the gradient (51% of 
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the total cells layered) were: CFU-GM 3.3%, BFU-E 4.0%, 
and CFU-GEM 0.08%. Therefore, 100% of the absolute 
number of colonies derived from CFU-GM, BFU-E, and 
CFU-GEM layered on the gradient were recovered in the 
three fractions. 

Table 2 shows the differentials of each fraction and the 
distribution of each cell type in the gradient. F4-10 contained 
70% blasts (and these represented 76% of the total blasts in 
the gradient) in contrast to only 4% blasts in F13-15. The 
mature cell types increased with increasing cell size as 
evidenced by F13-15, which contained 73% myelocytes. (The 
myelocytes recovered in the gradient represent only 0.2% to 
1.5% of buffy coat myelocytes). Essentially all lymphocytes 
were in fraction 4-10, and they represent <0.1% of buffy coat 
lymphocytes following panning. 

Figure 3 shows the distribution of total cells and the 
distribution of hematopoietic colonies stimulated by MoCM 
in the three fractions. The distribution of CFU-GM is shown 
at 3, 7, and 14 days. Whereas only 34% of CFU-GM 
aggregates were in F4-10 at 3 days, 81% of day 14 CFU-GM 
stimulated by MoCM were in F4-10; 84% to 85% of day 14 
BFU-E and CFU-GEM stimulated by MoCM were also in 
the small cell fraction (F4-10). 

Table 3 shows the cloning efficiencies of CFU-GM stimu- 
lated by MoCM and GM-CSF at 3, 7, and 14 days for the 
total postpanning marrow population and the three fractions 
obtained from the Ficoil isokinetic gradient. 

GM-CSF showed increasing activity on growth of total 
CFU-GM aggregates with increasing size of the progenitor 
cells. In F13-15, GM-CSF gave a slightly increased number 


Table 3. Cloning Efficiencies of CFU-GM Derived Colonies in the Total Postpanning Population and the 
Three Fractions From the Linear Ficoll Gradient 














3 Days CE (%} 7 Days CE (%} 14 Days CE (%) 
Total Total >40 Celis Total >40 Celis > 100 Celis 

Total Panned Population * 

MoCM 8.1 8.9 3.6 3.3 3.3 3.1 

GM-CSF 5.4 7.6 0.1 2.9 0.8 0.2 

(% of MoCM) (67) (85) {3} (88) (24) (6) 
F4-10 

MoCM 8.9 12.8 47 8.6 8.6 8.1 

GM-CSF 2.0 5.6 0.3 3.3 1.6 0.5 

(% of MoCM) (22) (44) (6) (38) (19) (6) 
F1t-12 

MoCM 6.5 3.0 3.0 2.3 2.3 2.2 

GM-CSF 4.2 7.9 0.05 4.4 0.6 0,05 

(% of MoCM) (65) (88) {2} (191) (26} (2) 
F13-15 

MoCM 8.4 6.3 3.2 0.3 0.3 0.3 

GM-CSF 8.2 8.8 0.06 1.9 C.4 0.05 

(% of MoCM) (98) (140) (2) {633) (133) (17) 





Same marrow gradient as that shown in Tables 2 and 4 and Figs 3 and 7. The cloning efficiencies (CE %) of CFU-GM stimulated by MoCM and 


GM-CSF are shown at 3, 7, and 14 days for the total postpanning marrow population and the three fractions obtained following separation of the 
postpanning marrow cells on a linear Ficoll isokinetic gradient. Number of cells cloned for each population were: totai postpanning population 3,400 
cells/mL; fraction 4-10 1,200 cells/mL; fraction 11-12 2,000 cells/mL; fraction 13-15 5,000 cells/mL. The concentration of GM-CSF was 100 


pmol/L. 


*Total panned population recovered from the gradient. This represented 5 1% of the total cells in the unfractionated panned population. Because the 
cloning efficiency of CFU-GM in the unfractionated population was 1.5% with MoCM at 14 days and more than double (3.3%) in the population 


recovered from the gradient, 100% of the CFU-GM was recovered. 
Abbreviations as in Table 1. 
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of total CFU-GM aggregates at 7 days, as compared with 
MoCM; at 14 days, there were six times (633%) as many 
CFU-GM aggregates with GM-CSF as compared with 
MoCM. Of these latter GM colonies, 79% were <40 cells, 
however. To a lesser degree, there was an increased number 
of F11-12 total CFU-GM aggregates at 14 days in GM-CSF 
stimulated cultures as compared with MoCM. Of these 
latter GM colonies, 86% were <40 cells, however. Of the 
total cells recovered from the gradient, 69% were in F11-15 
(Fig 3). Therefore, the increased cloning efficiency of small 
GM colonies (<40 cells) in F11-12 and F13-15 primarily 
accounted for the high total number of GM colonies recov- 
ered from the gradient at 14 days in GM-CSF stimulated 
cultures (88% of the GM colonies recovered from the 
gradient with MoCM). As shown in Fig 3, the distribution of 
the total day 14 GM colonies in MoCM stimulated cultures 
was: F4-10 81%, F11-12 15%, and F13-15 4%. In contrast, 
the distribution of day 14 GM colonies in GM-CSF stimu- 
lated cultures was: F4-10 35%, Fil-12 33%, and F13-15 32% 
(not shown). Therefore, at 14 days, only 19% of the GM 
colonies in MoCM stimulated cultures were derived from 
progenitor cells in F11-15, in contrast to 65% of the GM 
colonies in GM-CSF stimulated cultures. This would explain 
why 94% of the total day 14 GM colonies in MoCM 
stimulated cultures were >100 cells, whereas GM-CSF 
stimulated cultures contained only 6% of the number 
obtained with MoCM. 

The most probable reason for the increased number of 
small GM colonies (<40 cells) derived from the larger 
CFU-GM progenitors in F11-15 in day 14 GM-CSF stimu- 
lated cultures is that GM-CSF, which is known to inhibit 
neutrophil migration, prevented these small, mature GM 
colonies from dispersing. The peak of F13-15 CFU-GM# 
derived colonies >40 cells stimulated by MoCM was at 7 
days and most of these mature GM colonies had dispersed by 
14 days. In contrast, the peak of CFU-GM derived colonies 
>40 cells in GM-CSF stimulated cultures from this same 
fraction was at 14 days. The peak with MoCM was 3.2%, 
however, and was only 0.4% with GM-CSF. 

GM-CSF showed the least relative activity on growth of 
day 14 CFU-GM derived colonies from the small cell 
fraction (F4-10) (38% of the number stimulated by MoCM). 
In addition, at 14 days, all the GM colonies stimulated by 
MoCM from this latter fraction were >40 cells and 94% of 
them were >100 cells. In contrast, only 48% of the GM 
colonies stimulated by GM-CSF were >40 cells and only 
15% of them were > 100 cells. 

To determine if these small GM colonies in GM-CSF 
stimulated cultures were derived from contaminating mature 
CFU-GM, we assayed F4-10 both before and after freezing; 
as previously noted, freezing selectively destroyed the more 
mature progenitors, especially myelocytes. Before freezing, 
the differential of myeloid precursors in F4-10 was blasts 
70%, promyelocytes 9%, and myelocytes 5% (Table 2), 
whereas after freezing it was blasts 86%, promyelocytes 11%, 
and myelocytes 0%. With MoCM stimulation, the total 
cloning efficiency of CFU-GM dropped only from 8.6% to 
7.0% following freezing. In contrast, with GM-CSF stimula- 
tion, the total cloning efficiency of CFU-GM fell from 3.3% 
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to 0.8% (a 76% reduction v a 19% reduction with MoCM). 
The activity of GM-CSF on day 14 F4-10 CFU-GM, as a 
percentage of MoCM, before and after freezing was 38% v 
12% (total CFU-GM aggregates), 19% v 9% (CFU-GM > 
40 cells), and 6% v 4% (CFU-GM > 100 cells). Thus, the 
greatest reduction was in the smaller GM aggregates, 
strongly supporting the argument that most day 14 CFU- 
GM stimulated by GM-CSF arose from the contaminating 
mature progenitors. 

Morphological examination of colonies derived from 
enriched progenitors not subjected to freezing at 7 days 
showed that both MoCM and GM-CSF promoted the 
growth of neutrophilic and monocytic colonies. MoCM colo- 
nies, however, were much larger. At 14 days, GM-CSF 
cultures had many small mature neutrophilic colonies, some 
small monocytic colonies, and some larger eosinophilic colo- 
nies; the latter accounted for most of the larger colonies. At 
14 days, MoCM colonies were neutrophilic, eosinophilic, and 
monocytic. 


Stimulation of Day 14 CFU-GM Derived Colonies From 
Enriched Populations of Normal Blood Progenitor Cells 


Using density separations and a panel of monoclonal 
antibodies followed by immune rosetling, we depleted nor- 
mal peripheral blood specimens of accessory and maturing 
cells to obtain enriched populations of progenitor cells by 
negative selection (described in the Materials and Methods 
section). 

Figure 4 shows the activity of GM-CSF, Ppo a, and Ppo on 
the growth of day 14 CFU-GM derived colonies from 
enriched populations of peripheral blood progenitor cells. 
The cloning efficiencies were normalized, and the MoCM 
positive control was taken as 100%. 

GM-CSF and Ppo a activities were similar when com- 
pared on three blood populations. Taken together, GM-CSF 
and Ppo a gave a mean of 48% (+13) (total CFU-GM 
aggregates) and 29% (+13) (CFU-GM derived colonies > 
40 cells) of those obtained with MoCM at 14 days. On 
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Fig4. Total CFU-GM aggregates (T} and CFU-GM > 40 cells at 


14 days are shown as a percentage of the MoCM control {condi- 
tioned medium from the Mo T cell line, normalized to 100%). The 
target populations were enriched populations of peripheral blood 
progenitor celis; 600 to 2,000 cells/mL were cloned, The median 
cloning efficiency of the MoCM control was 1.3% {range 0.6% to 
3.2%}. The concentrations of the growth factors were: GM-CSF 
100 pmol/L; pluripoietin a {(Ppo a) 500 U/mL; natural or recombi- 
nant pluripoietin (Ppo) 500 U/mL. Natural Ppo was used in the four 
studies. IMDM alone was the negative control. Eight 35-mm plates 
were counted for each value. 
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morphological examination, day 14 blood CFU-GM stimu- 
lated by GM-CSF and Ppo a were eosinophilic and mono- 
cytic whereas those stimulated by MoCM were neutrophilic 
in addition to eosinophilic and monocytic. Even though most 
of the eosinophilic colonies stimulated by GM-CSF and Ppo 
a were >40 cells, they were much smaller than eosinophilic 
colonies stimulated by MoCM. The monocytic colonies from 
the blood stimulated by GM-CSF and Ppo a were generally 
very small, whereas those stimulated by MoCM contained 
several hundred cells. 

Ppo stimulated a mean of 43% (+13) (total CFU-GM 
aggregates) and 28% (+15) (CFU-GM derived colonies >40 
cells) of the day 14 blood CFU-GM obtained with MoCM. 
When examined morphologically, day 14 blood CFU-GM 
derived colonies stimulated by Ppo were neutrophilic and 
monocytic (no eosinophilic colonies were seen). The ratio of 
morphological cell types varied with the donor. Even the 
larger CFU-GM derived colonies stimulated by Ppo were 
much smaller than CFU-GM stimulated by MoCM. 


Effect of Delayed Addition of EPO on Growth of BFU-E 


Before evaluating the activities of the purified growth 
factors on growth of BFU-E derived colonies, we performed 
preliminary experiments to study the effects of delaying the 
addition of EPO to the cultures. The purpose was to reduce 
the population of BFU-E, immediately dependent on EPO 
for proliferation and terminal differentiation but not requir- 
ing an exogenous source of BPA (ie, the most mature 
BFU-E). Figure 5 shows the results of delaying the addition 
of EPO for 24 and 48 hours. By delaying EPO addition for 48 
hours, the number of BFU-E derived colonies in the back- 
ground control (IMDM alone) for marrow was reduced from 
a mean of 56% (+12) of MoCM (EPO added initially) toa 
mean of 4% (+2) of MoCM (EPO added at 48 hours). In 
blood, the IMDM control was reduced from a mean of 19% 
(+6) of MoCM (EPO initially) to a mean of 5% (+4) of 
MoCM (EPO at 48 hours). 

Figure 5 also shows that a population of BFU-E (probably 
the most mature BFU-E) did not survive, even in the initial 
presence of MoCM, when EPO was delayed for 48 hours [a 
mean of 16% (+9) of the BFU-E in marrow and 26% (+15) 
in the blood]. In addition, the data suggest that the popula- 
tion of BFU-E responding to EPO at 48 hours is composed of 
erythroid progenitors that require a factor or factors in 
MoCM to respond to EPO (those above background with 
EPO added initially) and a population of erythroid progeni- 
tors that require a factor or factors in MoCM to survive if 
EPO addition is delayed (a portion of those BFU-E that 
could respond to EPO initially in the IMDM control). 


Effects of Purified Growth Factors on the Growth of 
BFU-E Derived Colonies From Enriched Populations of 
Normal Marrow Progenitor Cells in the Initial Presence of 
EPO and After Delaying Addition for 48 Hours 


When EPO was added initially to the cultures, consistent 
significant activities of the purified growth factors on the 
growth of BFU-E from prefreezing marrow populations 
could not be clearly demonstrated (data not shown). EPA 
and Ppo gave no significant increase in either the size or the 
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Fig 5. Effects of delayed addition of erythropoietin (EPO) on 
the growth of BFU-E derived colonies is shown as a percentage of 
the MoCM control (conditioned medium from the Mo T ceil line, 
normalized to 100% with EPO added initially}. The results are 
mean values of 12 marrow and six blood populations = 1 SD. IMDM 
was the negative control. The number of cells cloned for blood was 
600 to 2.000 cells/mL; for marrow, it was 2,000 to 6,000 cells/mL. 
The median cloning efficiency for the blood populations was 4.4% 
irange 0.9% to 9.7%): for the marrow populations, it was 1,2% 
(range 0.6% to 1.7%). Quadruplicate 35-mm plates were counted 
for each value. 


number of BFU-E over that seen in the IMDM (negative) 
control. Ppo a gave 75% of the aumber of BFU-E in the 
IMDM control cultures on one marrow population and 15% 
above the number in the IMDM cultures on another marrow 
population. GM-CSF, when compared with the number of 
BFU-E in the IMDM cultures, gave the same number on 4 
marrows, 75% to 80% of the number on 2 marrows, 15% to 
20% above the number on 5 marrows, and 35% to 55% above 
the number in the IMDM control cultures on 2 marrows. The 
results were similar on target populations postfreezing with 
EPO added initially. 

The activities of GM-CSF, Ppo a, Ppo, and EPA en the 
growth of BFU-E derived colonies from enriched marrow 
progenitor cell populations (before and after freezing), could 
best be demonstrated by delaying addition of EPO for 48 
hours to reduce background (ie, BFU-E that can respend to 
EPO initially without an exogenous source of BPA). The 
data are shown in Fig 6. EPA showed no significant activity 
over the IMDM control on the growth of BFU-E prior to 
freezing. Ppo also showed no significant activity over the 
IMDM control on the growth of BFU-E either befere or 
after freezing. 

The activities of GM-CSF and Ppo a on the growth of 
BFU-E derived colonies were similar when compared before 
freezing. Taken together, GM-CSF (12 marrows) and Ppo a 
(4 marrows) gave a mean of 37% (+14) of the BFU-E 
derived colonies obtained with MoCM. 

The presence or absence of hemin in the cultures did not 
appear to alter the level of the activity of any of the factors on 
prefreezing marrow populations. Hemin added to the cul- 
tures generally improves the size and hemoglobinization of 
BFU-E derived colonies, although in cultures stimulated 
with MoCM addition of hemin does not significantly effect 
the total number of BFU-E derived colonies. (The number of 
BFU-E without hemin s generally ~85% of the number with 
hemin.) GM-CSF and Ppo a (single marrow) showed a 
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Fig6. BFU-E derived colonies are shown as a percentage of the MoCM control (conditioned medium from the Mo T cell line, normalized 
to 100% with erythropoietin (EPO) added at 48 hours). The target populations were enriched marrow progenitor cells before and after 
freezing. For marrow populations before freezing, 1,500 to 5,000 cells/mL were cloned; for marrow populations after freezing, 400 to 
1,200 cells/ml. were cloned. The median cloning efficiency of BFU-E derived colonies with MoCM and EPO addition at 48 hours for 
prefreezing marrow populations was 1.0% (0.5% to 2.5%) and for postfreezing marrow populations was 4.3% (1.8% to 12.0%). 
Concentrations of the growth factors were: GM-CSF 10 and 100 pmol/L; pluripoietin a (Ppo a) 500 U/mL; natural and recombinant 
pluripoietin (Ppo) 500 U/mL; erythroid-potentiating activity (EPA) 10 pmol/L. In two prefreezing and three postfreezing studies rPpo was 
used, and in three prefreezing and three postfreezing studies, natural Ppo was used. Cultures without hemin (@):; cultures with hemin {X}. 
Ppo a activity on one postfreezing marrow population {O}. Quadruplicate 35-mm plates were counted for each value. 


reduction in activity on the growth of BFU-E derived colo- 
nies from postfreezing marrow populations when hemin was 
absent from the cultures. Taken together, GM-CSF and Ppo 
a gave a mean of 15% (+10) of the number of BFU-E 
derived colonies obtained with MoCM in the absence of 
hemin. When hemin was added to the cultures of postfreez- 
ing marrow populations, however, the activity of GM-CSF 
increased and was now similar to the activity of GM-CSF on 
prefreezing marrow populations. GM-CSF gave a mean of 
with MeCM in the presence of hemin. We are currently 
investigating the significance of this observation. 


Effects of Purified Growth Factors onthe Growth 
of BFU-E in Marrow Fractions From the 
Linear Ficoll Gradient 


The growth of BFU-E derived colonies in the three frac- 
tions frem the isokinetic gradient was determined with 
MoCM, with IMDM alone, and with GM-CSF. The results 
are shown in Fig 7 as a percentage of MoCM with EPO 
added initially and with the addition of EPO delayed for 48 
hours. With EPO added initially, the “background” BFU-E 
derived colonies in the IMDM cultures increased with 
increasing size of the progenitors (F4-10 50%, Fil-12 78%, 
and F13-15 94% of the number with MoCM). GM-CSF 
showed little or no activity over the IMDM control when 
EPO was added initially. When EPO was delayed for 48 
hours, the number of BFU-E with MoCM was ~80% of the 
number of BFU-E with EPO added initially in all three 
fractions (data not shown). The number of background 
BFU-E in the IMDM cultures was reduced to ~11% of the 
BFU-E with MoCM. 

The aetivity of GM-CSF on the growth of BFU-E could be 
clearly demonstrated when the addition of EPO was delayed 
for 48 heurs. GM-CSF showed slightly more activity on the 
growth ef BFU-E derived colonies in F11-12 and F13-15 
than on the growth of BFU-E in F4-10. 


Effects of Purified Growth Factors on the Growth 
of BFU-E From Enriched Populations of 
Normal Blood Progenitor Cells 


Ppo showed no significant activity (over the IMDM 
negative control), on the growth of BFU-E derived colonies 
from four enriched populations of normal blood progenitor 
cells. The results were the same whether EPO was added 
initially or at 48 hours (data not shown). 

GM-CSF (four blood populations) and Ppo a (three blood 
populations) had similar activity (data not shown). When 
EPO was added initially, both factors consistently showed 
significant activity, but the degree of activity varied greatly 
(1.3 to 3.7 times the number of BFU-E in the IMDM 
negative control). This result is in contrast to EPO added 
initially to marrow progenitor cells, in which there was no 
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Fig 7. Same marrow gradient as that shown in Tables 2, 3, 
and 4 and Fig 3. Results are shown as a percentage of the number 
of BFU-E derived colonies obtained with conditioned medium from 
the Mo T cell line (MoCM). The number of cells cloned for each 
fraction were F4-10 1,200 cells/mL, F11-12 2,000 cells/mL, and 
F13-15 5,000 cells/mL. The concentration of GM-CSF was 100 
pmol/L. The cloning efficiency of BFU-E stimulated by MoCM with 
erythropoietin (EPO) added initially for each fraction was F4-10 
14.2%, F11-12 2.6%, and F13-15 0.4%. Quadruplicate 35-mm 
plates were counted for each value. 
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consistent increase over the IMDM coatrol with GM-CSF 
and Ppo a. When the addition of EPO was delayed for 48 
hours, GM-CSF and Ppo a together gave a mean of 47% 
(+17) of the BFU-E derived colonies obtained with MoCM. 
Their activities on the growth of BFU-E from blood progeni- 
tor populations were therefore similar to their activities on 
growth of marrow BFU-E derived colonies when EPO addi- 
tion was delayed for 48 hours (a mean of 37% of MoCM for 
marrow progenitors). 

Our results show that GM-CSF and Ppo a affect the 
growth of only a subpopulation of BFU-E in both marrow 
and blood when compared with MoCM. With EPO addition 
at 48 hours, the size of the subpopulation of BFU-E whose 
growth was affected by GM-CSF and Ppo a was similar in 
both marrow and blood (between 20% and 45% of the total 
BFU-E population stimulated with MoCM). With EPO 
added initially, there was more variability. A significant 
increase over the IMDM cultures occurred in 2 of 13 
marrows and 4 of 4 blood populations, but only a slight 
increase was seen in 5 of 13 marrows and no increase was 
seen in 6 of 13 marrows. Clearly, marrow BFU-E popula- 
tions generally contain a significantly larger subpopulation 
of mature BFU-E that can respond to EPO initially without 
an exogenous source of growth factor(s) (IMDM cultures, 
Fig 5) than do blood BFU-E populations. Our data also 
suggest that a large portion of this latter population can 
survive with MoCM, GM-CSF, and Ppo a when EPO 
addition is delayed for 48 hours, but does not survive without 
these factor(s). In addition, our data suggest that there is an 
additional subpopulation of BFU-E derived colonies (more 
consistently seen in blood) whose growth may be affected by 
GM-CSF and Ppo æ when EPO is added initially. This 
second subpopulation may be at an intermediate stage of 
maturation but this has not been definitively shown. Further 
studies are necessary to define the stages of maturation of the 
subpopulations of BFU-E in both marrow and blood. 


Effects of Purified Growth Factors on the Growth of 
CFU-GEM Derived Colonies From Enriched Populations 
of Marrow and Blood Progenitor Cells 


EPA (4 marrows) and Ppo (11 marrows and 4 bloods) 
showed no detectable activity on the growth of CFU-GEM 
derived colonies from marrow or blood either before or after 
freezing. 

Considering only those marrow and blood populations 
from which CFU-GEM derived colonies were obtained with 
MoCM, GM-CSF stimulated the growth of CFU-GEM 
from 10 of 18 marrow and 2 of 4 blood populations. The 
CFU-GEM derived colonies obtained with GM-CSF were 
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almost always much fewer and smaller in size than CFU- 
GEM derived colonies obtained with MoCM. Ppo «æ gave 
similar activity when compared with GM-CSF on four 
marrow and three blood populations. The addition of hemin 
significantly enhanced the ability of GM-CSF and Ppo a to 
promote the growth of CFU-GEM derived colonies. 

Table 4 shows the activity of MoCM and GM-CSF on the 
growth of CFU-GEM derived colonies from three fractions 
of the linear Ficoll gradient (same gradient as shown in 
Tables 2 and 3 and Figs 3 and 7). The total absolute number 
of CFU-GEM derived colonies stimulated by MoCM recov- 
ered from the gradient was normalized to 100. GM-CSF 
promoted the growth of 18% of the CFU-GEM derived 
colonies obtained with MoCM in the total panned popula- 
tion. When the same marrow population was separated in the 
linear Ficoll gradient (the distribution in the gradient of the 
CFU-GEM derived colonies obtained with MoCM is shown 
in Fig 3), GM-CSF promoted the growth of 15% of the 
CFU-GEM obtained with MoCM in F4-10, 26% of the 
number with MoCM in F11-12, and 71% of the number with 
MoCM in F13-15. 


DISCUSSION 


To examine the activities of EPA, GM-CSF, Ppo a, and 
Ppo, we prepared enriched populations of human marrow 
and blood progenitor cells. The target populations were 
therefore depleted of accessory cells, and the progenitor cells 
were concentrated so that relatively few cells were required 
for assay. We used a relatively high concentration of methyl- 
cellulose to reduce the migration of cells and examined the 
direct activities of the purified factors by cloning at cell 
numbers low enough to give relatively few colonies, thus 
avoiding possible indirect stimulation by developing colenies. 
The relative activities of the growth factors were determined 
on progenitor cell populations from several donors, and the 
results were found to be consistent. 

Because some growth of small, dispersed GM colonies in 
the IMDM negative controls was observed, we cloned 
increasing numbers of cells in the IMDM cultures to deter- 
mine if an undetectable (by FACS analysis) accessory cell 
population was stimulating these progenitor cells. As few as 
50 cells/mL /35-mm dish gave the same incidence and size of 
these colonies as did the highest number tested, 4,000 
cells/mL /35-mm dish. Since the incidence was <1 GM 
colony/50 cells, the data strongly suggest that these progeni- 
tors were capable of limited divisions without stimulation by 
accessory cells and that our results indicate that the activities 
of the growth factors were direct effects. That some CFU- 


Table 4. Number of CFU-GEM Derived Colonies/10° Cells in the Total Postpanning Population and the 
Three Fractions From the Linear Ficoll Gradient 








Total Panned Percent of Fraction Percent of Fraction Percent of Fraction Percent of 
Population MoCM 4-10 MoCM 11-12 MoCM 13-15 MoCM 
MoCM 82 220 47 7 
GM-CSF 15 (18) 33 (15) 12 (26) 5 (71) 





Same marrow gradient as that shown in Tables 2 and 3 and Figs 3 and 7. The number of cells cloned for each fraction were: F4-10 1,200 cells/mL; 
F11-12 2,000 cells/mL; and F13-15 5,000 calis/mL. The concentration of GM-CSF was 100 pmol/L. Eight 35-mm culture plates were counted for 


each value, 
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GM are capable of limited proliferation in the absence of any 
contribution by non-colony-forming cells may be due to 
factors present in the FCS or CSF-receptor complexes 
existing prior to ex vivo removal of the cells from the 
donors.” In more dilute semisolid culture conditions (0.3% 
agar or 0.8% to 1.0% methylcellulose), these dispersed 
colonies would go undetected due to complete dispersion 
except at times early after the initiation of culture. 

Before evaluating the activities of the factors on the 
growth of BFU-E derived colonies, we examined the effect of 
delaying the addition of EPO to reduce the number of 
BFU-E that could respond to EPO without requiring the 
addition of an exogenous source of BPA. Several investiga- 
tors have previously delayed the addition of EPO to study the 
effects of crude sources of BPA and to distinguish subpopula- 
tions of BFU-E™”*; more recentiy, we and others have done 
so to examine the activities of purified growth factors.*'°"” 
In our studies, delaying the addition of EPO for 48 hours 
reduced the number of BFU-E derived colonies in the 
background control cultures (IMDM alcne) to a mean of 4% 
to 5% of the number in cultures with MoCM (see Fig 5). In 
addition, there was a population of BFU-E, presumably the 
most mature BFU-E, that failed to survive even in the initial 
presence of MoCM when EPO was delayed for 48 hours (a 
mean of 16% of the BFU-E derived colonies in the marrow 
and a mean of 26% of the BFU-E derived colonies in the 
blood). Iscove™” suggested that if EPO is not added when the 
progenitor matures and develops putative EPO receptors, the 
EPO receptors are either physically or functionally lost and 
the progenitor can no longer respond to the hormone. Fur- 
thermore, our data suggest that the population of BFU-E 
responding to EPO at 48 hours is compesed of (a) erythroid 
progenitors that require a factor or factors in MoCM to 
respond to EPO (ie, the population of BFU-E derived 
colonies above background when EPO was added initially), 
and (b) erythroid progenitors that require a factor(s) to 
survive if EPO addition is delayed (a pertion of the popula- 
tion of BFU-E that could respond to EPO initially in the 
IMDM controls). 

Using these conditions and using a selected lot of MoCM 
as a positive standard control, it was clear that the purified 
factors were at best only capable of stimulating the growth of 
a subpopulation of CFU-GM, BFU-E, or CFU-GEM. Sieff 
and colleagues’ made similar observations for the activity of 
GM-CSF. The results of our experiments using target cell 
populations of marrow fractions separated by velocity sedi- 
mentation and marrow populations before and after freezing 
suggest that the purified factors primarily affected the 
growth of relatively mature subpopulations of progenitor 
cells. This observation seems in conflict with the observation 
that they are able to stimulate subpopulations of blood 
progenitors, all believed to be of a primitive nature.“ One 
possible explanation is that subpopulations of circulating 
progenitor cells exist that may be more easily recruited to 
respond to stress demands than comparable progenitors in 
the marrow and, as such, may be more sensitive to the 
purified factors. This explanation appears compatible with 
the evidence that GM-CSF, Ppo a, and Ppo can regulate the 
functional activity of mature neutrophils. 411576 We are 
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presently further investigating the differences between mar- 
row and blood progenitors. 

We found the activities of GM-CSF and Ppo «œ on the 
growth of hematopoietic colonies to be indistinguishable, and 
Ppo a is now believed to be identical to GM-CSF. Both 
factors were able to promote the growth of neutrophilic, 
monocytic, and eosinophilic colonies as previously 
reported.’ They were only able to stimulate subpopula- 
tions of these morphologically distinct CFU-GM derived 
colonies when compared with MoCM, however: similar 
observations have previously been reported for GM-CSF.” 
In day 14 cultures stimulated by GM-CSF and Ppo a, most 
GM colonies were small (<40 cells) and only a rare GM 
colony reached >100 cells. This was in striking contrast to 
day 14 cultures stimulated by MoCM which contained only 
GM colonies >40 cells; > 70% of these colonies were several 
hundred to several thousand cells. Begley and colleagues” 
observed that GM colonies stimulated by semipurified CSF 
a and CSF 8 were smaller than GM colonies stimulated with 
HPCM. Both GM-CSF! and Ppo a" inhibit neutrophil 
migration, and we believe that most of the GM colonies (<40 
cells) in cultures stimulated by GM-CSF and Ppo a were 
probably derived from mature CFU-GM and were inhibited 
from dispersing. To examine this question, we tested the 
activity of GM-CSF and Ppo a on marrow progenitor cell 
populations following freezing. The results showed a marked 
reduction in their ability to stimulate GM colonies from the 
postfreezing marrow populations, since freezing destroys 
most of the population of CFU-GM with limited prolifera- 
tive potential (forming colonies of <40 cells). In addition, in 
four separate experiments, we examined the activity of 
GM-CSF on fractions from the Ficoll isokinetic gradient 
that separates the cells primarily on the basis of cell size. 
GM-CSF showed the greatest activity on CFU-GM in the 
most rapidly sedimenting large cell fraction (F13-15) and 
the least activity on CFU-GM from the slowest sedimenting 
small cell fraction (F4-10). Most of the activity of GM-CSF 
on this latter fraction was attributed to contaminating 
mature CFU-GM that were destroyed on freezing. Most 
small GM colonies sustained by GM-CSF were derived from 
mature CFU-GM in the large cell fractions. Only a rare 
colony reached a size > 100 cells as compared with MoCM. 
Taken together, these results strongly support the suggestion 
that the subpopulation of GM colonies stimulated by GM- 
CSF and Ppo a are primarily derived from mature CFU-GM 
in the marrow. 

When EPO was added initially, GM-CSF and Ppo a 
showed no consistent activity on the growth of BFU-E 
derived colonies from the marrow, but did have consistent, 
although variable, activity on the growth of erythroid colo- 
nies from the blood. When EPO addition was delayed for 48 
hours, however, GM-CSF and Ppo a had similar activity on 
the growth of BFU-E from marrow and blood {between 20% 
and 45% of the total BFU-E population stimulated by 
MoCM). The addition of hemin to the cultures had no 
obvious effect on these results when the target populations 
had not been subjected to freezing. GM-CSF showed a 
reduction in ability to stimulate erythroid colonies from 
postfreezing marrow populations when hemin was absent, 
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but GM-CSF activity was restored by the addition of hemin. 
Although hemin improved the size and hemoglobinization of 
BFU-E derived colonies stimulated by MoCM, the addition 
of hemin to MoCM cultures did not significantly affect the 
number of BFU-E. We have no explanation for the effect of 
hemin on GM-CSF activity on marrow populations following 
freezing although hemin had a similar effect on the IMDM 
negative control cultures. Our results clearly demonstrate 
that GM-CSF and Ppo a do not affect the growth of the 
majority of the BFU-E populations stimulated by MoCM in 
either marrow or blood. Further studies will be necessary to 
define more exactly the nature of their activity on the growth 
of BFU-E derived colonies and to delineate the subpopula- 
tion(s) of BFU-E whose growth they can affect. 

GM-CSF and Ppo a also promoted the growth of a 
subpopulation of CFU-GEM when compared with MoCM. 
The addition of hemin to the cultures significantly enhanced 
their ability to stimulate CFL-GEM, but even in the pres- 
ence of hemin the CFU-GEM stimulated by these two 
purified factors were almost invariably smaller and fewer 
than CFU-GEM derived colonies obtained with MoCM. Our 
experiments showed that GM-CSF had the greatest activity 
on CFU-GEM in the most rapidly sedimenting large cell 
fraction (F13-15) and had very little activity on CFU-GEM 
from the slowest sedimenting small cell fraction (F4-10), 
which contains most of the CFU-GEM responding to MoCM 
stimulation (Fig 3 and Table 4). As with CFU-GM and 
BFU-E, this suggests that GM-CSF is acting primarily on 
the growth of more mature CFU-GEM derived colonies. 

Kerk and co-workers*! showed that in mouse marrow there 
are at least two classes of pluripotent hemopoietic progenitor 
cells that differ in their capacity for self-renewal. The more 
primitive class of pluripotent progenitor cells was initially 
quiescent; therefore, initiation of colony development was 
delayed. This latter class of pluripotent progenitor cells is 
probably similar to the population of CFU-GEM from 
human marrow found mainly in the small cell fractions, most 
of which fail to respond to GM-CSF. 

Metcalf and colleagues™®® found that activities of GM- 
CSF were identical to those of semipurified human CSF a, 
and we found that activities of GM-CSF and Ppo a on the 
growth of human hematopoietic colonies are indistinguish- 
able. These combined observations strongly suggest that 
GM-CSF, Ppo a and semipurified CSF æ have very similar if 
not identical properties and may well be the same molecule. 

Natural Ppo and rPpo have identical activities when 
compared on the same marrow population.” In the present 
studies, although we were unable to compare them on the 
same marrow population, the results using rPpo were in the 
same range as the results obtained with natural Ppo. 

Ppo did have activity on the growth of a subpopulation of 
CFU-GM from marrow and blood populations. Ppo pro- 
moted the growth of neutrophilic and monocytic colonies as 
previously observed,'*'*? but not of eosinophilic colonies. 
Ppo stimulated a greater number of day 7 GM colonies >40 
cells when compared with GM-CSF and Ppo a, but only a 
portion of the number in cultures stimulated by MoCM. In 
day 14 cultures stimulated by Ppo, most of the GM colonies 
were >40 cells, unlike those found with GM-CSF and Ppo a, 
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but they were nevertheless much smaller and fewer in 
number than in cultures stimulated by MoCM. The ability of 
Ppo to stimulate GM colonies from postfreezing marrow 
populations was reduced, and this reduction was primarily 
due to a loss of a subpopulation of day 7 CFU-GM derived 
colonies following freezing. 

Ppo showed no detectable activity on the growth of 
colonies derived from BFU-E or CFU-GEM. This observa- 
tion is in conflict with previously reported studies demon- 
strating that Ppo stimulates colonies derived from BFU-E 
and CFU-GEM in nonadherent and nonadherent-T lympho- 
cyte-depleted marrow cells.'*'*'94 Based on the removal of 
most of the monocytes and T lymphocytes in these previous 
studies, the observed stimulatory activity of Ppo on BFU-E 
and CFU-GEM progenitor cells led to the designation of this 
growth factor as a pluripoietin growth factor. As we showed, 
however, when bone marrow or blood cells are rigorously 
depleted of accessory cells and cloned at very low numbers to 
minimize further the effects that non—colony-forming cells 
as well as large numbers of developing GM colonies may 
have, Ppo shows no direct pluripotent hematopoietic growth 
activity. 

Ppo is now designated as human G-CSF based on: (a) its 
biological activity on enriched progenitor cell populations as 
reported in the present studies; (b) the amino acid sequence 
of cloned Ppo” that is almost identical to a cloned human 
G-CSF reported by Nagata and colleagues*’; (c) sequence 
homology with murine G-CSF**: and (d) its biological activ- 
ity as presently described that is similar to semipurified CSF 
B. which Metcalf has suggested is likely to be a close 
analogue of murine G-CSF. 

EPA showed no detectable activity on either the size or 
number of colonies derived from CFU-GM, BFU-E, or 
CFU-GEM. EPA has activity on the growth of both early 
and late erythroid precursors from buffy coat and light- 
density human bone marrow cells.”"* We and other investiga- 
tors’’ have been unable, however, to detect significant BPA 
activity of EPA on enriched populations of human progenitor 
cells in high serum culture conditions. EPA may act through 
accessory cells. 

Pledger and colleagues*’*® proposed a competence- 
progression model in which growth factors can be divided 
into those that induce a state of competence (competence 
factor), in which state the target cells can then respond to a 
second growth factor (progression factor). They showed that 
multiple growth factors are necessary to stimulate nonhema- 
topoietic cell types maximally. Goustin and colleagues” 
recently reviewed several of these growth factors for nonhe- 
matopoietic cells as well as a group of colony-stimulating 
factors (CSF-1, CSF-2, multi-CSF) for hematopoietic cells 
and suggested that a similar model of multiple growth 
factors may be necessary to stimulate hematopoietic cell 
types maximally. Metcalf”? recently reviewed the molecular 
biology and functions of GM-CSF and showed that multiple 
factors are necessary to stimulate the proliferation of all 
available GM progenitor cells.” Quesenberry”' reviewed a 
new class of hematopoietic growth factors that have no 
intrinsic ability to stimulate hematopoietic colonies alone but 
that act synergistically with other growth factors to enhance 
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their effects and suggested that synergizing activities may 
act as either competence or progression factors in concert 
with other regulators. 

Our results show that GM-CSF (Ppo a) can promote the 
growth of subpopulations of CFU-GM, BFU-E, and CFU- 
GEM, and that G-CSF (Ppo) can promote the growth of a 
subset of CFU-GM. Our data suggest that all three factors 
mainly affect the growth of relatively mature subpopulations 
of progenitor cells. Our results clearly show that additional 
factor(s) exist in MoCM that are necessary to stimulate the 
total populations of these progenitor cells in vitro. How these 
factors may fit into a competence-progression model cannot 
be determined until other factors can be shown to act 
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synergistically with these factors to enhance their activities. 
We have begun to examine selected factors for synergistic 
activities and will report our results when the experiments 
have been completed. 
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Glycoprotein Ib and Glycoprotein IX Are Fully Complexed 
in the Intact Platelet Membrane 


By Xiaoping Du, Lucinda Beutler, Changgeng Ruan, Peter A. Castaldi, and Michael C. Berndt 


Two new murine monoclonal antibodies, AK 1 and SZ 1, 
reactive with the human platelet glycoprotein (GP) Ib—-IX 
complex have been produced by the hybridoma technique. 
Both AK 1 and SZ 1 immunoprecipitated the GP Ib-iX 
complex from Triton X-100-solubilized, periodate-labeled 
platelets. With trypsinized, labeled platelets, AK 1, SZ 1, 
and FMC 25 (epitope on GP IX) immunoprecipitated a 
membrane-bound proteolytic fragment of the GP Ib-IX 
complex consisting of GP IX and an ~25,000 moi wt 
remnant of the a-chain of GP Ib disulfide-linked to the 
B-subunit. Unexpectedly, although AK 1 and SZ 1 immuno- 
precipitated purified GP Ib-IX complex, neither antibody 
immunoprecipitated the individual components of this 


HE ADHESION of platelets to exposed vascular suben- 
dothelium constitutes the initial event in hemostasis. At 

high shear flow, platelet adhesion becomes von Willebrand 
factor-dependent and requires the binding of von Willebrand 
factor to a specific adhesion receptor on platelets, the glyco- 
protein (GP) Ib-IX complex.’ The GP Ib-IX complex 
consists of two components, GP Ib (mol wt 170,000) and GP 
IX (mol wt 22,000).* Besides its requirement for the von 
Willebrand factor-dependent adhesion of platelets, recent 
evidence suggests that GP Ib plays an important role in other 
platelet-associated receptor functions such as the response of 
platelets to «-thrombin* and as one of the target antigens for 
autoantibody in idiopathic thrombocytopenic purpura.** GP 
IX is important for the recognition of platelets by quinine/ 
quinidine drug-dependent antibodies.’ Previous evidence 
from our laboratory indicates that both GP Ib and GP IX are 
tightly complexed in detergent solution since both GPs 
copurify,? coimmunoprecipitate with either anti-GP Ib or 
anti-GP IX monoclonal antibodies,” and occur in the same 
immunoprecipitin arc on crossed immunoelectrophoresis.’ 
The degree of association that exists between these two GPs 
in the intact platelet membrane was not clear, however. In 
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complex, GP Ib or GP IX. When GP Ib and GP IX were 
recombined, however, AK 1 and SZ 1 again immunoprecipi- 
tated the reformed complex, strongly suggesting that both 
antibodies were recognizing an epitope present only on the 
intact complex. Cross-blocking studies indicated that AK 1 
and SZ 1 recognized a very similar or identical epitope that 
was proximal to the epitope for FMC 25. Both AK 1 and SZ 
1 bound to a similar number of binding sites (~25,000) on 
intact platelets as monoclonal antibodies directed against 
either GP Ib or GP IX. The combined data suggests that GP 
Ib and GP iX are fully complexed in the intact platelet 
membrane. 

® 1987 by Grune & Stratton, inc. 


this article, we describe two anti-GP Ib-IX complex mono- 
clonal antibodies, AK 1 and SZ 1, that are directed against 
complex-specific epitopes, Both these antibodies bind to a 
similar number of binding sites on intact platelets as mono- 
clonal antibodies directed against either GP Ib or GP IX. 
The combined data suggest that GP Ib and GP IX are fully 
complexed in the intact platelet membrane. 


MATERIALS AND METHODS 


Monoclonal antibodies. The monoclonal antibodies were pre- 
pared according to our previously described methads** using 8- 
week-old BALB/C mice and either washed human platelets (SZ 1, 
igG,,) or purified GP Ib-IX complex (AK 1, IgG,, AK 3, IgG,,) as 
the immunogens. Hybridoma selection, cloning, production of 
ascites, and purification of murine monoclonal IgG were all per- 
formed as previously described.** Purified AK 1 and SZ 1 IgG 
stored in 0.01 mol/L of Tris, 0.15 mol/L of sodium chloride, pH 7.4, 
were radioiodinated by the chloramine T method; >95% of the 
incorporated radioactivity was precipitable by 10% (wt/vol) trichlo- 
roacetic acid. Other monoclonal antibodies against the human 
platelet GP Ib-IX complex have been previously reported: FMC 25 
(IgG,)’?; AN 51 (IgG); SZ 2 (igG,)*®; and WM 23 (1gG,).27 In 
immunoprecipitation experiments, SZ 21 (IgG,) directed against 
the human platelet GP Hb/Ha complex and FMC 18 directed 
against an antigen on Toxoplasma gondii were used where appropri- 
ate as negative controls.* Purified FMC 25 and WM 23 IgG were 
coupled to Affigel 10 (Bio-Rad, Richmond, CA) according to the 
manufacturer's instructions. 

Platelet preparation and labeling. Platelet preparation from 
freshly drawn blood, platelet washing, and the periodate-labeling of 
platelets were each performed as previously described.” Labeled 
platelets (10°/mL) were treated at 22°C for 15 minutes with 10 
ug/mL of trypsin (Boehringer Mannheim, Sydney, Australia). At 
15 minutes the reaction was terminated by making the digest 0.2 
mmol/L in phenylmethanesulfonyl fluoride, 200 ng/mL in leupep- 
tin, and 200 ug/mL in soybean trypsin inhibitor (ail inhibitors from 
Sigma, St Louis). The platelets were then washed once by centrifu- 
gation. 

Purification of tritium-labeled GP Ib-IX complex, GP Ib, and 
GP IX. The platelets from 10 U of platelet concentrate obtained 
within 24 hours of venepuncture (Parramatia Red Cross Blood 
Transfusion Service) were washed as previously described.’ sus- 
pended at ~4 x 10° platelets/mL in 100 mL of 0.01 mol/L of Hepes 
buffer (0.15 mol/L in sodium chloride, $ mmol/L in EDTA), pH 
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7.4, and equilibrated at 0°C in a melting ice bath. The platelet 
suspension was made | mmol/L in sodium periodate (Univar grade, 
Ajax Chemicals, Sydney, Australia), left 10 minutes in the dark at 
0°C, washed once by centrifugation at 1,000 g for 15 minutes, and 
resuspended to its original volume in the same buffer. The platelets 
were treated for 10 minutes with 400 mCi of sodium (@H)borohy- 
dride (70 Ci/mmol; Amersham, Sydney, Australia) and washed 
once by centrifugation. Platelet membrane extraction and purifica- 
tion of GP [b-IX complex on WM _ 23-Affigel 10 were then 
performed as previously described.’ Labeled GP Ib was separated 
from labeled GP IX by chromatography on FMC 25-Affigel 10.2 To 
ensure that the purified GP Ib and GP IX were totally devoid of the 
other GP, the purified GP Ib and GP IX were mixed overnight with 
either | mL of FMC 25-Affigel 10 (anti-GP IX) or | mL of WM 
23-Affigel 10 (anti-GP Ib), respectively. GP Ib and GP IX were 
allowed to recomplex by mixing together equivalent counts of each 
purified labeled GP (excess GP IX)’ at 4°C for 12 hours (both GPs 
in 0.01 mol/L of Tris, 0.15 mol/L of sodium chloride, 0.001 mol/L 
of EDTA, 0.1% (vol/vol) Triton X-100, 0.02% (wt/vol) sodium 
azide, pH 7.4). 

Monoclonal antibody binding to platelets. Binding was assessed 
with radioiodinated AK | IgG or SZ | IgG at 22°C using platelet- 
rich plasma prepared from venous blood collected into 3.2% sodium 
citrate as anticoagulant as previously described in detail.”'? Binding 
was measured at 60 minutes as it did not alter after this time. 
Cross-blocking experiments were performed as previously described” 
and examined the effect of a 50-fold excess of the anti-GP Ib-1X 
complex monoclonal antibodies, AN 51, SZ 2, WM 23, AK 3, FMC 
25, AK 1, and SZ 1, on the equilibrium binding of | g/mL of either 
radioiodinated AK | or SZ | to platelets. Similar experiments were 
performed to examine the effect of 150 g/mL of affinity-purified 
rabbit anti-GP Ib, or nonimmune rabbit IgG on the equilibrium 
binding of | ug/mL of either radiciodinated AK 1 or SZ 1 to 
platelets. Because the rabbit antibody agglutinated platelets, these 
experiments were performed with washed, formaldehyde-fixed 
platelets.* The rabbit anti-GP Ib, antibody was raised as previously 
described’ and affinity purified on GP Ib-Affigel 10.2 Bound anti- 
body was eluted with 0.1 mol/L of glycine, pH 2.4; the eluted 
fractions were immediately neutralized by the addition of one-fifth 
vol of | mol/L of Tris, pH 8.5, and then dialyzed exhaustively 
against 0.01 mol/L of Tris, 0.15 mol/L of sodium chloride, pH 7.4. 

General methods. \immunoprecipitation with murine anti-GP 
ib-IX complex monoclonal antibodies, sodium dodecyl sulfate- 
polyacrylamide gel electrophoresis (SDS-PAGE), protein staining, 
fluorography, and Western blot analysis were all performed as 
previously described.>” 


RESULTS 


Immune studies: Demonstration that the anti-GP Ib-LX 
complex monoclonal antibodies, AK 1! and SZ l, are 
directed against complex-specific epitopes. AK 1 and SZ 
l are murine monoclonal IgG antibodies that were raised 
using either purified GP Ib-IX complex or washed human 
platelets as the respective immunogens. AK | and SZ 1 both 
immunoprecipitated the components of the GP Ib-IX com- 
plex from the Triton X-100 lysate of periodate-labeled 
platelets (data not shown) as well as purified, tritium-labeled 
GP Ib-IX complex (Fig 1, lanes 5 and 9; GP Ib, nonreduced 
mol wt 170,000; GP IX, nonreduced mol wt 22,000). The 
purified, trittum-labeled GP Ib-IX complex (lane 1) and the 
AK l and SZ | immunoprecipitates derived from this 
complex (lanes 5 and 9) also contained two minor bands of 
slightly lower mol wt than GP Ib. As previously discussed in 
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detail,’ these bands probably derived from partial reduction 
of GP Ib either as a consequence of the borohydride reduc- 
tion labeling procedure or experimental manipulation. The 
band of 22,000 mol wt was confirmed to be GP IX since 
electrophoresis under reducing conditions clearly distin- 
guished this band from the @-subunit of GP Ib (mol wt 
25,000) (data not shown). With trypsin-treated platelets, 
AK 1, SZ 1, and FMC 25 (epitope on GP 1X)*” immunopre- 
cipitated a membrane-bound proteolytic fragment of the GP 
Ib-I1X complex consisting of GP IX and a nonglycosylated 
remnant of the a-chain of Gp Ib (mol wt 25,000) that was 
disulfide-linked to the 8-subunit of GP Ib (data not shown).’ 
In an attempt to define the epitope specificity of AK | and 
SZ | further, we evaluated their reactivity by performing 
Western blot analysis after SDS-PAGE of purified GP 
Ib-IX complex under either nonreducing or reducing condi- 
tions. Although this technique readily demonstrated that 
FMC 25 was directed against GP IX, both AK | and SZ 1 
were unreactive. As an alternative approach, we performed 
immunoprecipitation using purified tritium-labeled GP Ib- 
IX complex, GP Ib, and GP IX (Fig 1). Surprisingly, 
although both AK | and SZ 1 immunoprecipitated the GP 
Ib-IX complex, neither antibody precipitated either GP Ib 
(lanes 6 and 10) or GP IX (lanes 7 and 11}. When GP Ib was 
allowed to recomplex with GP IX, however, both AK I and 
SZ | again immunoprecipitated the reconstituted complex 
(lanes 8 and 12), strongly suggesting that both AK | and SZ 
l only recognized an epitope(s) on the intact GP Ib-IX 
complex. In this experiment, the AK | and SZ } immunepre- 
cipitates of the reconstituted complex (lanes 8 and 12) had a 
lower ratio of counts for GP Ib relative to GP EX? than did 
the immunoprecipitates derived from the original complex 
(lanes 5 and 9). This finding was variable, and in duplicate 
experiments the ratios were similar whether the immunopre- 
cipitates were derived from either the original or reconsti- 
tuted complex (not shown). Although the cause of this 
phenomenon is unclear, it may represent variable aggrega- 
tion of GP IX as a consequence of the low pH treatment 
required for its isolation. In control experiments (not 
shown), SZ 21 directed against the platelet membrane GP 
Hb/IHa complex (as a negative control) did not immunopre- 
cipitate the GP Ib-IX complex, GP Ib, GP IX, or the 
reformed complex; AK 3, directed against an epitope on the 
a-chain of GP Ib as determined by Western blot analysis, 
immunoprecipitated the GP Ib-IX complex, GP Ib, and the 
reformed complex; and FMC 25, directed against an epitope 
on GP IX, immunoprecipitated the GP Ib-IX complex, GP 
IX, and the reformed complex. The latter two results indi- 
cate that the failure of either AK | or SZ } to immunopre- 
cipitate GP Ib or GP IX was not due to a general loss of 
antigenicity of either glycoprotein as a result of complex 
dissociation and support the probability that AK | and SZ 1 
are directed against complex-specific epitopes. 

Binding of AK | and SZ 1 to platelets. Binding of 
radioiodinated AK 1 and SZ 1 to platelets in platelet-rich 
plasma was rapid, being 50% complete within ~5 minutes 
and complete within 30 to 60 minutes. In a typical experi- 
ment (Fig 2), the amount of bound antibody increased 
linearly with the concentration of added antibody and 
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reached saturation at ~0.6 ug of bound antibody/10* plate- 
lets. As previously found with other anti-GP Ib-IX complex 
monoclonal antibodies,’ this type of binding curve is not 
amenable to Scatchard analysis but does allow calculation of 
the number of immunoglobulin binding sites per platelet 
from the plateau region of the platelet—antibody titration 
curve (assuming that antibody binding is monovalent). The 
results of platelet binding studies with radioiodinated AK | 
and SZ | are summarized in Table 1 along with previous 
binding data for other anti-GP Ib-IX complex monoclonal 
antibodies. Both AK 1 and SZ 1 bound to an essentially 
identical number of binding sites on platelets as were 
observed with monoclonal antibodies directed against either 
GP Ib or GP IX, suggesting that essentially all GP Ib and GP 
IX in the intact platelet membrane was in complex form. 
Cross-blocking studies indicated that AK | and SZ 1 were 
directed against an identical or very similar epitope(s) since 
each antibody completely blocked the binding of the other. 
FMC 25 directed against an epitope on GP IX blocked the 
binding of AK | and SZ 1 by =25% and ~30%, respectively. 
Conversely, AK 1 and SZ 1 blocked the binding of FMC 25 
by ~50% and ~80%, respectively, indicating that the epitope 
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Fig 2. Effect of increasing concentrations of "I-labeled AK 1 
and SZ 1 on their specific, steady-state binding to platelets in 
platelet-rich plasma. The binding analysis was performed as 
previously described.? MAB, monoclonal antibody. 
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Fig 1. Fluorography of an exponential 5% to 15% 
sodium dodecyl sulfate-polyacrylamide gel run under non- 
reducing conditions of the AK 1 (lanes 5 through 8) and SZ 
1 immunoprecipitates (lanes 9 through 12) derived from 
either tritium-labeled glycoprotein (GP) Ib-1X complex 
(lane 1), tritium-labeled GP Ib (lane 2), tritium-labeled GP 
IX (lane 3), or tritium-iabeted reformed complex (lane 4), 
respectively. Lane 1 is one-quarter of the exposure of 
lanes 2 through 12. In order of decreasing mol wt, mol wt 
markers are myosin (200,000). -galactosidase (130,000), 
phosphorylase b (94,000), bovine serum albumin (68,000), 
ovalbumin (43,000), carbonic anhydrase (29,000), soy- 
bean trypsin inhibitor {21,000}, and lysozyme (14,000). 


for FMC 25 was sterically adjacent to the epitope(s) for AK 
l and SZ | and that, in agreement with the immunoprecipi- 
tation results, all three antibodies mapped into the mem- 
brane-associated region of the GP Ib-IX complex.’ In con- 
trast, AN 51, WM 23, AK 3, and SZ 2 directed against the 
glycocalicin region of the a-chain of GP Ib*’* (this study), 
and affinity-purified rabbit anti-GP Ib, IgG, did not block 
the binding of either AK | or SZ 1 to platelets. Affinity- 
purified rabbit anti-GP Ib, IgG inhibited the binding of 
FMC 25 to platelets by ~35%. 


DISCUSSION 


In 1983, in a reexamination of the GP abnormalities in 
Bernard-Soulier syndrome platelets, we found that two 
platelet membrane glycoproteins, GP Ib and GP IX, were 
both apparently genetically absent in this disorder and 
suggested that this phenomenon might be due to the normal 
tight association of these two GPs in the intact human 
platelet membrane.” Although there is strong evidence that 
GP Ib and GP IX are tightly associated in detergent 
solution’’ and that an approximately equal number of copies 
of both GPs exists on intact platelets.’ the degree of associa- 
tion that exists between these two GPs in the platelet 
membrane has remained unclear. This has been an impor- 
tant area requiring resolution since both GPs are involved in 
various key aspects of platelet function. 37 

In this study, we have described two new anti-GP Ib-LX 
complex monoclonal antibodies, AK | and SZ 1, that appear 
to be directed against complex-specific epitopes. Although 
both antibodies immunoprecipitated the GP Ib-IX complex, 
neither antibody immunoprecipitated either GP Ib or GP IX. 


Table 1. Binding of Anti-Glycoprotein ib-IX Complex Monoclonal 
Antibodies to Platelets 





Number of Binding Sites 








Antibody Epitope (x + SD) 

AK 1 Ib/IX 22,800 + 1,200 {n = 4) 
SZ 1 Ib/IX 24,000 + 2,200 in = 4) 
AN 51* Ib 22,000 + 2,700 {n = 3) 
WM 23* Ib 21,060 + 3,400 in = 3) 
FMC 25* IX 20,100 + 2.700 {n = 3) 





Binding analysis was performed as described in the Materiais and 
Methods section. 
*Data from ref. 2, with permission. 
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When the separated GPs were recombined, however, both 
AK | and SZ I again immunoprecipitated the reconstituted 
complex (Fig 1), strongly suggesting that both antibodies 
reacted only with an epitope(s) expressed on the intact 
complex.* Further, cross-blocking studies suggest that AK 1 
and SZ 1 are directed against an identical or closely related 
epitope that is sterically adjacent to the epitope for FMC 25 
on GP EX. Monoclonal and polyclonal antibodies against the 
a-chain of GP Ib did not affect the binding of AK I and SZ 1 
to platelets. With trypsin-treated platelets, AK 1,SZ 1, and 
FMC 25 all immunoprecipitated GP FX and an ~25,000 mol 
wt nonglycosylated remnant of the a-chain of GP Ib that 
remained disulfide-linked to the 8-subunit. AK 1 and SZ 1 
therefore map into the membrane-associated region of the 
GP Ib-iX complex, which would be expected potentially to 
contain complex-specific antigenic sites. In this regard, the 
binding of quinine/quinidine drug-dependent antibodies to 





*The term “complex-specific” is not meant to imply that the 
epitope is necessarily physically located at the junction of the 
complex. The epitope(s) for AK 1 and SZ ! could be present on 
either GP IX or the membrane-associated fragment of GP Ib, the 
conformation of the epitope(s) only being preserved in the intact 
complex 
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platelets is also apparently complex-specific and is aiso 
blocked by FMC 25.’ 

AK | and SZ 1 bound to an essentially identical number of 
binding sites on platelets, as did monoclonal antibodies 
directed against either GP Ib or GP IX (Table 1), strongly 
suggesting that all GP Ib and GP IX in the platelet 
membrane is in complex form. Although binding of AK | 
and SZ | to platelets could possibly displace normally 
dissociated GP Ib and GP IX toward complex, this is unlikely 
since both AK | and SZ | bound to platelets with a similar 
time course as other anti-GP Ib or anti-GP IX monoclonal 
antibodies. Furthermore, affinity-purified rabbit anti-GP Ib, 
IgG inhibited the binding of the anti-GP IX monoclonal 
antibody, FMC 25, to platelets by =35%, a result in accord 
with significant interaction between GP Ib and GP IX in the 
platelet membrane. 

Considerable evidence now shows that GP Ib plays an 
important functional role in the von Willebrand factor- 
dependent adhesion of platelets to exposed vascular subendo- 
thelium! and in the a-thrombin activation of platelets“ and 
that GP IX is important for quinine/quinidine drug-depen- 
dent antibody platelet recognition.’ The combined data from 
this and previous studies suggest that these functions are 
mediated at the platelet surfaced by a heterodimer complex 
of GP Ib and GP IX. 
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Glucose-6-Phosphate Dehydrogenase of Malaria Parasite 
Plasmodium falciparum 


By Akira Yoshida and Eugene F. Roth, Jr 


Plasmodium falciparum growth is impaired in glucose- 
6-phosphate dehydrogenase (G6PD)-deficient red blood 
cells (RBCs), and malaria has been implicated in the spread- 
ing of deficient variants in malaria~endemic areas. Recent 
reports suggest that the malaria parasite can adapt itself to 
grow in these variant RBCs by producing its own G6PD, but 
studies on parasite G6PD are very limited. In this report, 
we define the properties of the parasite G6PD. G6PD was 
partially purified from infected and uninfected variant 
RBCs associated with severe G6PD deficiency. G6PD from 
infected RBCs contained two components separable by 
starch gel electrophoresis: a major component (~90% 


ENETIC DEFICIENCY of the X chromosome-linked 
glucose-6-phosphate dehydrogenase (D-glucose-6- 
phosphate: nicotinamide-adenine dinucleotide phosphate 
[NADP] oxidoreductase, EC 1.1.1.49; G6PD) is common 
among the populations of present and past malaria-endemic 
areas. For example, Gd A(—), associated with 10-15% of 
normal red cell G6PD activity, is found in 10% to 20% of 
black populations; and Gd Mediterranean B(—), associated 
with a more severe deficiency, is commonly found among 
Mediterranean, Southeast Asian, and South Pacific popula- 
tions. It is generally accepted that malaria has been a major 
selective pressure for the spread of these common deficiency 
variants in these populations. In vivo and in vitro growth of 
Plasmodium falciparum has been found to be retarded in 
G6PD-deficient red blood cells.'? In red blood cells, forma- 
tion of reduced glutathione (GSH) depends solely on nico- 
tinamide-adenine dinucleotide phosphatase (NADPH) gen- 
erated by the hexose monophosphate shunt pathway. A lower 
GSH level in G6PD-deficient red cells drastically impairs 
adenosine triphosphate (ATP)-phosphoribosyl-transferase 
(EC 2.4.2.17) activity, presumably causing insufficient pro- 
duction of 5’-phosphoribosyl-!-pyrophosphate to permit par- 
asite growth? 
Early studies on animal malaria parasites (P lophurae, P 
berghei, and P knowlesi) indicated that the parasites demon- 
strated Embden-Meyerhof pathway activity, but no measur- 
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activity) with a very slow anodal electrophoretic mobility 
and a minor component (~10% activity) with the same 
mobility as the host G6PD. Parasite G6PD exhibited much 
higher affinity (low Km) to G6P and nicotinamide-adenine 
dinucleotide phosphate (NADP) than did human G6PD. 
Southern blot hybridization indicated that the parasite 
genome contained nucleotide sequences that were hybrid- 
izable with the human G6PD cDNA. These data indicate 
that the parasite is capable of adapting to G6PD-deficient 
RBCs by producing its own G6PD. 

® 1987 by Grune & Stratton, Inc. 


able activity of the hexose monophosphate shunt pathway.*® 


Recent reports, however, have suggested that P falciparum 
contains its own G6PD, and can adapt itself to grow in 
G6PD-deficient red blood cells.’’ This paper reports the 
nature of G6PD produced by P falciparum and the existence 
of nucleotide sequences in the parasite genome that are 
hybridizable with the human G6PD cDNA. 


MATERIALS AND METHODS 


P falciparum (FCR-3 strain), grown in normal human red blood 
cells (obtained from Drs S. Schulman and J. Vanderberg, New York 
University School of Medicine), was cultured in an in vitro system 
described by Jensen and Trager? G6PD-deficient blood was 
obtained from a Persian-Jewish male donor described in the previous 
studies.” The parasites were continuously grown in the G6PD- 
deficient red cells, and were enriched for trophozoite/schizont stages 
by gelatin sedimentation, which generally provided parasitemias of 
from 40% to 85%." The parasite-enriched cells were washed with 
isotonic phosphate-buffered saline, containing 10 mmol/L glucose, 
and kept frozen at ~ 70°C. 

For partial purification of G6PD, the red blood cells (infected and 
uninfected host cells and control normal cells) were hemolyzed with 
2 vol of 5 mmol/L phosphate, pH 6.4, containing 0.1 mmol/L 
NADP, and 0.1 volume of toluene. The stroma-free hemolysate was 
treated with a diethyl aminoethyl (DEAE)-cellulose (DE-22 What- 
man, Kent, England) column, as previously described, to eliminate 
hemoglobin and other contaminants.'? The enzyme was precipitated 
with ammonium sulfate (40 2/100 mL at pH 6.4); redissolved in an 
adequate amount of 0.01 mol/L phosphate, pH 7.0, containing 10 
umol/L NADP and 1 mmol/L 2-mercaptoethanol; and dialyzed 
against the same buffer. The G6PD activity was spectrophotometri- 
cally assayed.'? 

Starch gel electrophoresis was performed, as previously described, 
and the enzyme was visualized by G6PD-activity staining.” 

For the study of the parasite genome, DNA was prepared from the 
infected host red blood cells (about 10 mL) following the previous 
method'* with some modifications. Briefly, DNA was extracted from 
the cells with 9 vol of 0.1 mol/L Tris-HCl, pH 7.4, containing 12.5 
mmol/L EDTA, 1% sodium dodecylsulfate, and proteinase K (500 
ug/mL), at 37°C for two hours. DNA was purified by stepwise 
treatments with chloroform-phenol, chloroform-isoamylalcohol, 
phenol, and ether, and precipitated with ethanol. Approximately 800 
ug of parasite DNA was obtained. The human DNA was prepared 
from leukocytes by the previous method. 
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Fig 1. Electrophoresis of human G6PD and malaria-parasite 


G6PD. Starch gel electrophoresis was performed using the Tris- 
EDTA-borate buffer system, pH 8.6 (A), and using the phosphate 
buffer system, pH 7.0 (B). Samples: C, control G6PD B/ +); H, G6PD 
from uninfected host RBCs; M, G6PD from parasite-infected host 
RBCs. 


The genomic DNA samples were digested by restriction endonu- 
cleases (EcoR I, Hind III, Pst 1, or Msp 1), and the digests were 
separated by electrophoresis in 0.8% agarose gel and transferred 
onto a nitrocellulose filter.'* The filter was hybridized with the 
™P-labeled CDNA probes, as previously described.'* 


RESULTS AND DISCUSSION 


The anodal electrophoretic mobility of the parasite G6PD 
was much slower than either the host human G6PD or the 
control normal G6PD B( +) at pH 8.6 and at pH 7.0 (Fig 1). 
Judging from the relative intensity of activity staining, more 
than 90% of the activity can be attributed to the parasite 
G6PD and the minor remainder to the host G6PD in the 
partially purified enzyme prepared from the parasite- 
infected host red cells. 

The G6PD activity of the parasite-infected host red cells 
was 0.23 units/g hemoglobin, whereas that of the uninfected 
host red cells was 0.01 units and that of the control normal 
red cells was 6.2 units. The kinetic properties (K,, values for 
G6P and NADP, and the rate of utilization of substrate 
analogues) are shown in Table 1. Parasite G6PD exhibits 
very low K,, for both G6P and NADP; therefore, parasite 
G6PD is more active than human G6PD in red blood cells, 
where G6P and, particularly, NADP concentrations are 
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Fig2. Southern blot hybridization of human DNA and malaria- 
parasite DNA. Samples: H, human DNA; M, parasite DNA. 


lower than the K,, values of the human G6PD. The pH 
optima of parasite G6PD was found to be 7.5 to 9.0, which is 
similar to that of the normal G6PD B( + ). 

The electrophoretic mobility and kinetic properties of the 
host G6PD are the same as those reported for G6PD 
Mediterranean B(—), ie, the male donor is a Gd B(—) 
hemizygote. 

Southern blot hybridization analysis indicated that the 
parasite genome contained nucleotide sequences that were 
homologous to the human G6PD cDNA (Fig 2). The para- 
site's DNA was found to be hybridizable also with the human 
alcohol dehydrogenase cDNA, aldehyde dehydrogenase 
cDNA, and aldolase A cDNA, but not with the human 
phosphoglycerate kinase (PGK) (X-linked) cDNA (South- 
ern blot hybridization patterns are not shown). Since PGK is 
one of the most evolutionally conservative proteins” and a 
key enzyme for ATP generation in the glycolytic pathway, 
the lack of nucleotide sequences hybridizable with the PGK 
cDNA in the parasite’s genome was rather unexpected 

Hemplemann and Wilson reported that the putative P 
falciparum G6PD migrated as a slow-moving band,’ while, 
according to Usanga and Luzzatto, the parasite G6PD had 
the same electrophoretic mobility as normal human G6PD 
B(+).* The enzymatic properties of the putative parasite 
G6PD were not reported. The present study clearly indicates 
that the parasite G6PD has very slow anodal electrophoretic 
mobility and exhibits unique kinetic properties. The discrep- 


Table 1. Properties of P falciparum G6PD 


Electrophoretic 
Mobility 
Enzyme pH 8.6 pH 7.0 
Normal B (+) 100 100 
Mediterranean B (—) 100 100 
Host G6PD 100 100 
Malaria G6PD 63 55 


Analogue Utilization (%) 





Kn (umot/L) 2-d G6P/deamino NADP/ 
G6P NADP G6P NADP 
55 4 3.5 60 
19-26 1.2-1.6 23-27 300-400 
27 1.4 30 380 
11 0.8 10 110 





Enzyme activity was assayed in a reaction mixture containing 0.1 mol/L Tris-HCI, pH 8.0, 10 mmol/L MgCl,, 0.6 mmol/L G6P (or 2-deoxy G6P), and 
0.2 mmol/L NADP (or deamino NADP) at 25°C. The values of analogue utilization are the ratio (%) of enzyme activities assayed in the presence of natural 
substrates (ie, G6P and NADP) and in the presence of the substrate analogues (ie, 2-deoxy G6P and deamino NADP). K,, values were determined using 
the reaction mixtures containing various concentrations of G6P of NADP.’? Electrophoretic mobility is expressed taking that of normal G6PD BI +) as 
100. Values of Mediterranean G6PD B( —) are based on previous data." Contamination of host G6PD in the malaria G6PD preparation is less than 10% 
(Fig 1). 
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ancy could be due to the difference in the malaria parasite 
strains used. 

In conclusion, P falciparum can produce its own G6PD in 
G6PD-deficient host red blood cells. The parasite-G6PD 
activity of the infected deficient cells (measured in vitro 
under optimal assay conditions) reaches about 5% of the 
activity of normal red cells. Parasite G6PD has a high 
affinity to the substrates, and could be physiologically more 
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active than human G6PD. The parasite may sustain its own 
growth and is capable of adapting to G6PD-deficient red 
blood cells by producing its own G6PD. 


ACKNOWLEDGMENT 


We thank Dr T. Mukai, Saga University School of Medicine, 
Japan, for providing us with the aldolase A cDNA probe; and Betty 
Cheng for technical assistance. 


REFERENCES 


l. Bienzle U, Ayeni O, Lucas AO, Luzzatto L: Glucose-6- 
phosphate dehydrogenase and malaria. Greater resistance of 
females heterozygous for enzyme deficiency and of males with 
non-deficient variant. Lancet 1:101, 1972 

2. Roth EF, Raventos-Suarez C, Rinaldi A, Nagel RL: Glucose- 
6-phosphate dehydrogenase deficiency inhibits in vitro growth of 
Plasmodium falciparum. Proc Nati Acad Sci USA 80:298, 1983 

3. Roth EF, Ruprecht RM, Schulman S, Vanderberg J, Olson 
JA: Ribose metabolism and nucleic acid synthesis in normal and 
glucose-6-phosphate dehydrogenase—deficient human erythrocytes 
infected with Plasmodium falciparum. J Clin Invest 77:1129, 1986 

4. Bowman IBR, Grant PT, Kermack WO, Ogstron D: The 
metabolism of Plasmodium berghei; the malaria parasite of rodents. 
2. An effect of mepacrine on the metabolism of glucose by the 
parasite separated from the host cell. Biochem J 78:472, 1978 

5. Bryant C, Voller A, Smith MJH: The incorporation of radioac- 
tivity from "C glucose into the soluble metabolic intermediates of 
malaria parasites. Am J Trop Med Hyg 13:515, 1964 

6. Herman YF, Ward RA, Herman RH: Stimulation of the 
utilization of 1-'*C-glucose in chicken red blood cells infected with 
Plasmodium gallinaceum. Am J Trop Med Hyg 15:276, 1966 

7. Hempelmann E, Wilson RJM: Detection of glucose-6-phos- 
phate dehydrogenase in malarial parasites. Mol Biochem Parasitol 
2:197, 1981 

8. Usanga EA, Luzzatto L: Adaptation of Plasmodium falcipa- 
rum to glucose-6-phosphate dehydrogenase—deficient host red cells 
by production of parasite-encoded enzyme. Nature 313:793, 1985 

9. Roth EF, Schulman S, Vanderberg J, Olson J: Pathways for 
the reduction of oxidized glutathione in the Plasmodium falcipa- 


rum~infected erythrocyte: Can parasite enzymes replace host red 
cell glucose-6-phosphate dehydrogenase? Blood 67:527. 1986 

10. Jensen JB, Trager W: P. falciparum in culture: Use of 
outdated erythrocytes and description of the candle jar method. J 
Parasitol 63:883, 1977 

11. Jensen JB: Concentration from continuous culture of erythro- 
cytes infected with trophozoites and schizonts of Plasmodium 
falciparum. Am J Trop Med Hyg 27:1274, 1978 

12. Yoshida A: Glucose-6-phosphate dehydrogenase of human 
erythrocytes. I. Purification and characterization of normal (B+) 
enzyme. J Biol Chem 241:4966, 1966 

13. Motulsky AG, Yoshida A: Methods for the study of red cell 
glucose-6-phosphate dehydrogenase, in Yunis JJ (ed): Biochemical 
methods ia red cell metabolism. Orlando, FL, Academic, 1969, p 
51 

14. Bell Gi, Karam JH, Rutter WJ: Polymorphic DNA region 
adjacent te the 5’ end of the human insulin gene. Proc Nati Acad Sci 
USA 78:5758, 1981 

15. Southern EM: Detection of specific sequences among DNA 
fragments separated by gel electrophoresis. J Mol Biol 98:503, 
1975 

16. Takizawa T, Huang I-Y, Ikuta T, Yoshida A: Human 
glucose-6-phosphate dehydrogenase: Primary structure and cDNA 
cloning. Proc Natl Acad Sci USA 83:4157, 1986 

17. Mari N, Singer-Sam J, Riggs AD: Evolutionary conservation 
of the substrate-binding cleft of phosphoglycerate kinases. FEBS 
Lett 204:313, 1986 

18. Yoshida A, Beutler E, Motulsky AG: Human glucose-6- 
phosphate dehydrogenase variants. Bul WHO 45:243, 1971 


CONCISE REPORT 





von Willebrand Factor Released From Weibel-Palade Bodies Binds More Avidly 
to Extracellular Matrix Than That Secreted Constitutively 


By Lee Ann Sporn, Victor J. Marder, and Denisa D. Wagner 


Large multimers of von Willebrand factor (vWf) are 
released from the Weibel-Palade bodies of cultured endo- 
thelial! cells following treatment with a secretagogue 
(Sporn et al, Cell 46:185, 1986). These multimers were 
shown by immunofluorescent staining to bind more exten- 
sively to the extracellular matrix of human foreskin fibro- 
blasts than constitutively secreted vWf, which is com- 
posed predominantly of dimeric molecules. Increased 
binding of A23187-released vWf was not due to another 
component present in the releasate, since releasate from 
which vWf was adsorbed, when added together with 
constitutively secreted vWf, did not promote binding. 


ON WILLEBRAND FACTOR (vWf) mediates plate- 
let adhesion to the vessel wall by forming a bridge 
between glycoprotein Ib on the platelet surface and an as yet 
unidentified component of the vascular subendothelium.' 
Endothelial cells synthesize vWf? as a series of disulfide- 
bonded multimers that range in size from 0.5 to 20 million 
daltons.’ Predominantly small multimers of vWf are secreted 
constitutively, and the large multimeric forms are stored in 
the Weibel-Palade bodies.’ The contents of the Weibel- 
Palade bodies can be released from cultured endothelial cells 
upon exposure to nonphysiologic secretagogues such as the 
calcium ionophore A23187 and phorbol myristate acetate,“ 
or physiologic stimuli such as thrombin*® and fibrin.’ For 
several reasons, the large multimers of vWf are considered to 
be functionally important: First, only the largest vWf mul- 
timers are specifically missing from the plasma of patients 
with type Ila von Willebrand disease and second, the 
largest multimers of vWf have a higher affinity for glycopro- 
tein Ib than do the low molecular weight forms.*!' In 
addition, we now show that the large multimers of vWf found 
within the Weibel-Palade bodies bind the most avidly to the 
extracellular matrix, the in vitro counterpart of the basement 
membrane. 


MATERIALS AND METHODS 


Cell culture and labeling. Endothelial cells were obtained 
from human umbilical veins as previously described'*? and grown in 
McCoy's 5a medium (Flow Laboratories, McLean, VA) containing 
20% undialyzed fetal bovine serum. Human foreskin fibroblasts 
(HFF) in fourth passage were a gift from Sue Schmidt (Infectious 
Disease Unit, University of Rochester), and were grown under the 
same conditions. For continuous metabolic labeling, cell cultures 
were grown in the same medium in the presence of [**S]-methionine 
(25 wCi/mL, 1132 Ci/mmol) (New England Nuclear, Boston, MA). 
Cells were treated with the calcium ionophore A23187 (Sigma, St 
Louis) using a solution of 10 wmol/L A23187 in McCoy's Sa 
medium with 20% fetal bovine serum. lodinated plasma vWf was a 
generous gift from Dr Philip Fay (Hematology Unit, University of 
Rochester) and was prepared as described previously."* 

Antisera. The preparation and characterization of monospecific 
antisera against human vWf used for immunofluorescence were 
previously described.''"? For vWf purification, antiserum was pur- 
chased from Calbiochem-Behring (La Jolla, CA). Immunofluores- 
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When iodinated plasma vWf was overlaid onto the fibro- 
blasts, the large forms bound preferentially to the matrix. 
These results indicated that the enhanced binding of the 
vWf released from the Weibel-Palade bodies was likely due 
to its large multimeric size. It appears that multivalency is 
an important component of vWf interaction with the 
extracellular matrix, just as has been shown for vWf 
interaction with platelets. The pool of vWf contained 
within the Weibel-Palade bodies, therefore, is not only 
especially suited for platelet binding, but also for interac- 
tion with the extracellular matrix. 

® 1987 by Grune & Stratton, Inc. 


cence staining using anti-vWf antiserum was carried out as previ- 
ously described.” 

Purification of vWf and gel electrophoresis. Cells were lysed 
and vWf was immunopurified as described previously, Two- 
percent agarose gels were prepared with 0.1% sodium dodecyl 
sulfate (SDS) in 0.05 mol/L phosphate, pH 7.0; running buffer was 
0.1 mol/L phosphate buffer, pH 7.0, with 0.1% SDS. 

Adsorption of vWf from A23187 releasate. Protein A-sepharose 
(Sigma) (100 mg/mL of sample) was preincubated with anti-vWf 
antiserum (100 nL /mL of sample) then washed three times with 
McCoy's 5a medium. Releasate was shaken with this mixture for 1.5 
hours at room temperature, Sepharose beads were centrifuged and 
the supernatant used for the HFF overlay experiment described in 
the text. 


RESULTS AND DISCUSSION 


This study compares binding of vWF secreted constitu- 
tively and that released from Weibel-Palade bodies to the 
extracellular matrix of HFF. Prior to conducting binding 
studies, we have tested the stability of the various multimeric 
forms of vWf while in contact with HFF for an extended 
incubation period. Endothelial cells were metabolically 
labeled with [*S]-methionine for three days and culture 





From the Hematology Unit, Department of Medicine, University 
of Rochester School of Medicine & Dentistry, Rochester, NY. 

Submitted January 9, 1987; accepted January 28, 1987. 

Supported in part by Grant No. HL 30616 from the National 
Heart, Lung and Blood Institute, National Institutes af Health, 
Bethesda, MD, and by Training Grant No. ES-07026 from the 
National Institutes of Health. The research was done during the 
tenure of an Established Investigatorship from the American Heart 
Association (D.D.W.} and with funds contributed in part by the New 
York State Affiliate, inc. 

Address reprint requests to Lee Ann Sporn, PhD, Hematology 
Unit, PO Box 610, University of Rochester School of Medicine, 601 
Elmwood Ave, Rochester, NY 14642. 

The publication costs of this article were defrayed in part by page 
charge payment. This article must therefore be hereby marked 
“advertisement” in accordance with 18 U.S.C. $1734 solely to 
indicate this fact. 

& 1987 by Grune & Stratton, Inc. 

0006-497 1/87 /6905-004 1$3.00/0 


1531 


1532 
HMW Er Pe | 
Multimers : 
-< -l 
~ - 
Dimer È dh 
as 8 ed 
Fig 1. Multimeric composition of vWf used in matrix-binding 


experiments. vWf secreted constitutively (a,b) or released by 
A23187 (c, d) from metabolically-labeled endothelial cells both 
after (b, d) or before (a, c) a 24-hour incubation with HFF was 
immunopurified and electrophoresed on a 2% agarose gel. Consti- 
tutively secreted vWf contains a broad range of multimers, but 
predominantly dimer molecules, while that released from cells by 
A23187 treatment is highly enriched in the high molecular weight 
(HMW) vWf multimers. There was no significant change in mul- 
timeric composition of vWf after incubation over HFF for 24 
hours. 


medium containing constitutively secreted vWf was 
removed. Following a six-hour chase period in unlabeled 
culture medium, cells were subjected to A23187 treatment 
for ten minutes. Half of each sample was then placed on a 
confluent flask of HFF for 24 hours and the remaining half 
incubated under the same conditions but in the absence of 
cells. vWf was immunopurified from all samples. Figure 1 
compares the multimeric pattern of vWf secreted constitu- 
tively (A,B) and released by A23187 (C, D) with and 
without incubation with HFF. This experiment indicated 
that the presence of the HFF did not alter the multimeric 
pattern or cause significant degradation of vWf. 

The comparative study of binding of constitutively 
secreted vWf and A23187-released vWf to the extracellular 
matrix of HFF was then conducted as follows. Human 
umbilical vein endothelial cells metabolically labeled for 
three days were subjected to A23187 treatment for ten 
minutes. The released material was aged for 24 hours in a 
tissue culture flask at 37°C so that the multimers were of 
comparable age with those secreted constitutively by cultures 
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Fig 3. The multimeric pattern of vWf bound to HFF. lodinated 
plasma vWf (starting material) was overlaid onto a confluent flask 
of HFF for 48 hours, at which time the HFF were washed 
extensively and lysed. Samples of both starting material and cell 
lysate were electrophoresed, nonreduced on the same 2% agarose 
gel and submitted to autoradiography. The densitometric scan of 
Starting material ( ) is from a short exposure of the gel, and 
the scan of bound vWf is from a longer exposure (—). The figure is 
provided as a comparison of multimeric profiles and is not repre- 
sentative of relative quantities of vWf in the two samples. Arrow 
points to the origin of the gel. 


labeled continuously for 24 hours. vWf was immunopurified 
from both samples. The 24-hour medium sample and the 
A23187 releasate contained approximately the same number 
of counts per minute in vWf per volume; therefore, the two 
samples contained a similar number of vWf subunits but in 
different multimeric forms (Fig 1). Equal volumes of these 
media from unlabeled identical flasks prepared in parallel 
were then overlaid onto cultures of HFF grown on glass 
coverslips. After 72 hours incubation on the HFF, the 
coverslips were washed extensively, and stained by immuno- 
fluorescence using anti-vWf antiserum. Figure 2A represents 
control cells cultured in the absence of vWf, treated in the 
same manner and showing no matrix staining. The medium 
sample containing the constitutively secreted vWf produced 
only a trace of matrix decoration (Fig 2B). In contrast, the 
vWf released by A23187 produced a strong fluorescent 
signal (Fig 2C). The strength of the fluorescent signal 
produced by purified plasma vWf has been shown to be 
dependent on the vWf concentration (weight/volume) in the 
culture medium. Since equal concentrations of vWf were 
placed on HFF, it appeared that the A23187-released vWf 
bound more avidly to the extracellular matrix 





Fig 2. 


Comparison of binding to extracellular matrix of vWf secreted constitutively and released by A23187. vWf secreted without 


stimulation over a 24-hour period (B) and an equivalent amount of A23187-released vWf (C) were placed on HFF grown on glass coverslips. 
(A) represents control fibroblast cultures to which no vWf was added. After 72 hours, the coverslips were fixed, permeabilized, and 
Stained by fluorescence with anti-vWf antiserum. Arrowheads point to extracellular matrix filaments decorated with vWf. A23187- 


released vWf produced a much stronger fluorescence signal indicating that it bound more extensively. Bar 


20 um. 


VWF BINDING TO EXTRACELLULAR MATRIX 


To address the possibility that a component other than 
vWf in the A23187 releasate enhanced binding of the protein 
to the extracellular matrix, a mixing experiment was per- 
formed (not shown). Culture medium containing constitu- 
tively secreted vWf was mixed with A23187 releasate, from 
which vWf was removed by adsorption (described in Materi- 
als and Methods) and then incubated with the HFF. The 
presence of the vWf-depleted A23187 releasate did not cause 
an increase in fluorescent signal in comparison to controls 
that were mixed with fresh medium only. This experiment 
does not, however, rule out the possibility that a yet unknown 
modification exists in the vWf stored within the Weibel- 
Palade bodies that could cause enhanced binding to the 
matrix. Most likely the difference in affinity for the extracel- 
lular matrix of constitutively secreted vWf and A23187- 
released vWf is due to differences in multimeric size (ref 3, 
Fig 1). This idea is supported by the study of small multim- 
eric forms of vWf synthesized by endothelial cells in the 
presence of monensin or ammonium chloride. These small 
multimers do not incorporate into the extracellular matrix of 
endothelial cells, nor do they bind to the matrix of HFF as 
seen by immunofluorescent staining with anti-vWf antise- 
rum, 8 

For more direct evidence that the large multimeric sizes of 
vWf bind better to the extracellular matrix, vWf purified 
from plasma and containing all multimeric forms was iodin- 
ated and placed on HFF culture. After 48 hours, media was 
removed and cells were washed extensively and lysed. To 
check the efficiency of our lysing procedure, an equivalent 
amount of cold vWf was placed on HFF grown on glass 
coverslips; the cells were lysed, and the coverslip was stained 
by fluorescence with anti-vWf antiserum. As no staining was 
observed, this revealed that the lysing procedure removed all 
cellular material and extracellular matrix. Without further 
processing of the samples, a small amount of both iodinated 
starting material used for the HFF overlay and cell lysate 
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were electrophoresed, nonreduced on a 2% agarose gel. A 
comparison of the densitometric scans of vWf in starting 
material and of bound vWf revealed that the bound vWf was 
highly enriched in the high molecular weight (HMW) mul- 
timers (Fig 3). When the starting material and bound vWf 
were compared reduced by analysis on polyacrylamide gels, 
no apparent change in the subunit size was observed indicat- 
ing that it was not significantly degraded or covalently 
crosslinked by a transglutaminase to another extracellular 
matrix component (not shown). 

Since the multimers of vWf are composed of many identi- 
cal subunits arranged ina linear array,” enhanced binding of 
the large multimers could be due to multiple interactions 
along the length of the vWf molecule with available binding 
sites in the extracellular matrix. The notion that the polyva- 
lency of the multimers of vWf is important to its function is 
not new. Low-molecular weight forms of vWf exhibit 
enhanced ristocetin cofactor activity following their adsorp- 
tion to colloidal gold.” This indicates that dimers and other 
small multimers possess the potential for interaction with 
platelets, but this potential is manifested only following 
formation of larger multimers. The importance of polyva- 
lency has been reported for other adhesive systems as well. 
For example, the species-specific reaggregation of cells in the 
marine sponge Microciona prolifera is mediated by a proteo- 
glycanlike aggregation factor. High-affinity interaction 
between cells could be reconstituted by chemical crosslinking 
of fragments of the aggregation factor containing low- 
affinity cell binding sites.” 

In our previous studies, we have shown that the vWf 
released from the Weibel-Palade bodies is highly enriched in 
the largest multimeric forms of vWf synthesized by the cells.’ 
The present observations reveal that this same pool of 
molecules is not only best suited for interaction with plate- 
lets, but also for interaction with the extracellular matrix, the 
in vitro model of the basement membrane. 
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Platelets Express a Membrane Protein Complex Immunologically Related to the 
Fibroblast Fibronectin Receptor and Distinct From GPIIb/IILa 


By Filippo G. Giancotti, Lucia R. Languino, Adriana Zanetti, Giuseppe Peri, Guido Tarone, and Elisabetta Dejana 


We have previously identified and characterized a mem- 
brane glycoprotein complex (GP150/135) that functions as 
fibronectin receptor (FN-R) in fibroblast adhesion. Here we 
report that an immunologically related protein complex is 
expressed at the surface of human platelets. Antibodies 
monospecific for the smaller subunit (GP135) of the fibro- 
biast FN-R in fact specifically stained the platelet surface, 
as determined by FACS analysis, and reacted with a 
component of molecular weight (mol wt) 138,000 as shown 
in western blots of platelet membranes. Moreover, the 


LATELETS PLAY a crucial role in hemostasis by 
adhering to the exposed subendothelial matrix and 
interacting with each other to form the large aggregates that 
constitute the hemostatic plug. These events are regulated by 
a family of platelet adhesive proteins: fibrinogen, fibronectin, 
and von Willebrand factor. While fibronectin and von Wille- 
brand factor are able to support the adhesion and spreading 
of platelets to the subendothelial matrix, fibrinogen induces 
aggregation by interacting with the membrane glycoprotein 
complex GPilb-IIla.' Recently it has been shown that this 
complex can also bind fibronectin’? and von Willebrand 
factor,’ suggesting that platelets have a common binding site 
for the interaction with a variety of proteins. This interaction 
occurs via the Arg-Gly-Asp sequence that was initially 
identified as the cell attachment site of fibronectin, but is 
also present on fibrinogen and von Willebrand factor.’ Arg- 
Gly-Asp—containing peptides indeed compete for the binding 
of fibronectin, fibrinogen, and von Willebrand factor to 
platelets®’ and also inhibit adhesion of platelets to fibro- 
nectin®? 

Fibronectin interaction with GPHb/Hla does not fully 
elucidate the mechanism of platelet adhesion and spreading 
with regard to this protein. Unactivated platelets, which 
cannot bind fibronectin through GPIIb/IHa,"° still maintain 
normal adhesion,’ suggesting the existence of a second 
binding site for fibronectin on the platelet surface. 

We have previously described a membrane glycoprotein of 
135,000 mol wt (GP135) that, by the criteria of function and 
codistribution, appears to be the mouse fibroblast fibronectin 
receptor (FN-R).''? This molecule participates in a complex 
with another glycoprotein of approximately 150,000 mol wt 
and interacts with the cell-binding domain of fibronectin via 
an Arg-Gly-Asp sequence (Giancotti et al, manuscript in 
preparation). Here we report that an immunologically 
related protein complex exists on the surface of human 
platelets and that it is distinct from the well-characterized 
GPIIb/Illa complex. 


MATERIALS AND METHODS 


Preparation of the anti-FN-R serum and monospecific GP135 
antibodies. To obtain an antiserum to the fibronectin receptor 
complex, rabbits were immunized with the material immunoprecipi- 
tated with the anti-baby hamster kidney (anti-BHK) serum! from 
the surface of 5 x 10° SR-BALB cells. This material consisted 
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same antibodies precipitated the 138,000 component 
together with a 160,000 protein, suggesting that the two 
molecules are associated in a supramolecular compiex. A 
comparative analysis indicated that this protein complex is 
distinct from the GPllb/Ilia complex, known to function as 
a receptor of wide specificity for fibrinogen, fibronectin, 
and von Willebrand factor. Differential extraction experi- 
ments revealed that the platelet 138,000 component is an 
integral membrane protein. 
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mainly of the two glycoproteins GP135 and GP150, which were 
shown to be involved in cell adhesion to fibronectin. Monospecific 
antibodies to GP135 were obtained from this antiserum by affinity 
chromatography on GP135-Sepharose. Briefly, GP135 was purified 
from mouse tumors by lentil lectin-Sepharose chromatography 
followed by separation on an hydroxythapatite column. The purifica- 
tion, monitored by immunoblotting with the anth-FN-R serum, 
yielded about 200 ug of protein out of 20 g of starting material. The 
molecule was 90% pure and GP135 was the only antigenic compo- 
nent recognized by the anti-FN-R serum in this fraction (the 
detailed procedure will be published elsewhere). 

Preparation of platelets and platelet plasma membranes. For 
FACS analysis, human platelets were isolated from freshly drawn 
blood as previously described.” Plasma membranes were prepared 
according to Jennings et al’* from outdated platelet concentrates. 
Rat platelets were obtained from 40 mL of fresh blood collected into 
acid-citrate-dextrose by differential centrifugation, followed by gel 
filtration on Sepharose CL 2B. Extraction of peripheral and integral 
membrane proteins was performed as described.” 

Fluorescence flow cytometric analysis. Antibody binding to the 
surface of human and rat platelets was determined by fluorescence 
flow cytometric analysis. Gel-filtered platelets, collected from fresh 
blood, were stained using the following procedure: 100 aL. of platelet 
suspension containing 250,000 platelets/uL were incubated with the 
antibodies for 30 minutes at 37°C. Platelets were then washed in 
phosphate-buffered saline (PBS) and incubated for 30 minutes at 
37°C with fluorescein-isothiocyante (FITC)-conjugated swine 
F(ab’), antirabbit IgG. After extensive washings with PBS, platelets 
(1 x 10* for each assay) were analyzed by flow cytometry using a 
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FACS 440 (B-D FACS systems, Becton Dickinson, Sunnyvale, CA) 
with an 80-um orifice. The gate was empirically set to detect cells of 
0.5- to 3-um size and exclude larger cells and subcellular debris. 
Leukocytes representing less than 2% of the total cell population 
were therefore excluded from the analysis. No platelet aggregates 
were present in the suspension after antibody staining. 

Immunoblotting and immunoprecipitation of platelet membrane 
proteins. Immunoblotting analyses were performed on plasma 
membrane fractions separated by sodium dodecyl sulfate—polyacryl- 
amide gel electrophoresis (SDS-PAGE) and transferred to nitrocel- 
lulose membranes, as previously described.'? Monospecific GP135 
antibodies were used at 40 ug/mL. Monoclonal antibodies to GPIIb 
(PMI-1)'° and GPIIla (B2.12)'’ were used at 10 ug/mL. The 
anti-I1b/Ila serum" was used 1:50. PMI-1 and rabbit anti-Hb/IHla 
were kindly donated by E.F. Plow and M.H. Ginsberg, Research 
Institute of Scripps Clinic, La Jolla, CA; B2.12 was obtained from P. 
Thiagarajan, University of Washington, Seattle. Bound antibodies 
were revealed by peroxidase-labeled secondary antibodies according 
to the manufacturer's instructions. Preparation of the fibroblast 
crude membrane fraction for immunoblotting was also described 
previously." For immunoprecipitation analysis, an aliquot of platelet 
plasma membranes was solubilized with 0.5% Triton X-100 (Pierce, 
Rockford, IL) in PBS plus CaCl, | mmol/L and MgCl, | mmol/L 
and proteins were iodinated with 125-1 by the chloramine T method. 
The iodinated sample was then subjected to immunoprecipitation. 
Immunoprecipitation of fibroblast FN-R complex was performed as 
described.''*? 


RESULTS 


The anti-FN-R serum immunoprecipitates from SR- 
BALB mouse fibroblasts two major glycoproteins of 150,000 
(GP150) and 135,000 (GP135) apparent mol wt in SDS- 
PAGE under nonreducing conditions (Fig 1, lane A). To 
determine whether a molecule immunologically crossreactive 
with the FN-R was present at the platelet surface, monospe- 
cific antibodies to the lower mol wt component, GP135, were 
prepared by affinity chromatography (see Materials and 
Methods) and used throughout this study. Their specificity 
was demonstrated by western blotting on fibroblast mem- 
brane proteins (Fig 1, lane B). 

Results of the fluorescence flow cytometry indicated that 
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Fig 1. Identification of the platelet 160/138 com- 
plex. Lane A: membrane proteins immunoprecipitated 
from the cell surface of *S-methionine-labeled SR- 
BALB mouse fibroblasts with anti-FN-R serum. Lanes 
B through E: membrane proteins from SR-BALB 
mouse fibroblasts (B) or human platelets (C through E) 
separated by SDS-PAGE, transferred to nitrocellulose 
paper, and probed with affinity-purified GP135 anti- 
bodies (B, C), PMI-1 (D) and B2.12 (E) monoclonal 
antibodies. Lanes F through H: proteins immunopre- 
cipitated from 125-l-labeled platelet plasma mem- 
brane fraction with normal rabbit IgG (F), affinity- 
purified GP135 antibodies (G) and anti-llb/Illa serum 
(H). All the samples were run on a 5% to 10% 
polyacrylamide gradient gel under nonreducing condi- 
tions. Apparent mol wts were deduced from stan- 
dards. 


platelets were positive for GP135 antibody surface staining 
(Table 1). About 17% of human and 86% of rat platelets 
reacted with GP135 antibodies. Anti-[I1b/IIla serum, used as 
a positive control, stained about 60% of the platelets in both 
cases. A unimodal distribution of fluorescence intensity was 
observed with human and rat platelets with both antibodies, 
indicating a single cell population. The relatively low per- 
centage of GP135-positive human platelets can probably be 
explained by the fact that antibodies raised to mouse GP135 
tend to show a weaker reaction with the human than with the 
rodent glycoprotein. The reactivity of GP135 antibodies with 
platelets was also confirmed by immunofluorescence micros- 
copy. 

To identify the molecule recognized by GP135 antibodies 
on human platelets, western blotting and immunoprecipita- 
tion analysis were performed. As shown in Fig | (lane C), the 
antibodies reacted with a platelet plasma membrane compo- 
nent of approximately 138,000 mol wt. When antibodies 
were used to immunoprecipitate Triton-solubilized, 125- 
I-labeled platelet plasma membranes, a 160,000—mol wt 
component was detected in addition to the 138,000 protein 
(Fig 1, lane G). Since the 160,000 molecule does not contain 
antigenic determinants recognized by the GP135 antibodies, 
as shown by the immunoblotting assay (Fig 1, lane C) and by 


Table 1. Expression of the GP135-Related Molecule 
at Platelet Surface 





Percent Cells Positive 


Cells a-GP 135 Nilg a-Gpllb/llla NIS 
Human platelets 17 +1 1+1 60.4 +4 8.7 +2 
Rat platelets 86 +4 2+1 54.4 :5 56.8 +2 
Red blood cells 4+1 3+1 5+2 6+3 


Piatelets were prepared and analyzed by fluorescence flow cytometry 
as described in Materials and Methods. Cell staining was performed using 
GP 135 antibodies (a@-GP135) or nonimmune rabbit immunoglobulins 
(Nilg) at a final concentration of 40 ug/mL. Anti-Gplib/illa rabbit serum 
(a-Gpllb/Illa) and nonimmune rabbit serum (NIS) were used at 1/25 
dilution, Red blood cells were used as negative control. Values are 
expressed as mean percentage of three determinations + SD. 
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Fig2. Membrane association of the platelet 138,000 protein. 
Platelet plasma membranes were extracted with 0.1 mol/L NaOH 
or 0.5% Triton X-100. Proteins recovered in the soluble and 
insoluble fractions were separated by SDS-PAGE, transferred to a 
nitrocellulose paper, and reacted with affinity-purified GP135 
antibodies. Lane A: NaOH-soluble fraction. Lane B: NaOH-insoluble 
fraction. Lane C: Triton X-100-soluble fraction. Lane D: Triton 
X-100-insoluble fraction. 


analogy with the fibroblast FN-R, we concluded that this 
molecule may be coprecipitated due to its association with 
the 138,000 component. 

The 160/138 protein complex was found to be distinct 
from the GPIIb/Illa heterodimer. In fact, western blotting 
(Fig 1, lanes D and E) and immunoprecipitation (Fig 1, lane 
G) experiments indicated that both GPIIb and GPIIla have 
electrophoretic mobilities distinct from those of the 160,000 
and 138,000 molecules. Moreover, with the antisera used, no 
immunological cross reaction between these components was 
observed. 

Association of the 138,000 molecule with the plasma 
membrane was studied by extracting membrane pellets with 
either 0.1 mol/L NaOH (pH 12) or 0.5% Triton X-100, 
under conditions allowing the selective solubilization of 
peripheral or integral proteins, respectively.'* As shown in 
Fig 2 (lanes A, B), alkaline treatment did not extract 
significant amounts of the 138,000 molecule, indicating that 
it is not a peripheral membrane protein. On the other hand, 
the nonionic Triton X-100 detergent was able to solubilize 
the protein to a considerable extent (Fig 2, lane C), suggest- 
ing its integral nature. A small but significant amount of 
138,000 protein remained associated with the detergent- 
insoluble fraction (Fig 2, lane D) consisting mainly of 
cytoskeletal proteins.” These data support the idea that the 
platelet 138,000 molecule is somehow associated with the 
submembranous cytoskeleton. 
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DISCUSSION 


The results here presented demonstrate that platelets 
express a cell surface protein complex related to the FN-R of 
fibroblastic cells. The platelet complex consists of two poly- 
peptide chains of mol wts 160,000 and 138,000, associated in 
a noncovalent manner. These two subunits are likely to be 
structurally distinct, as indicated by the fact that monospe- 
cific GP135 antibodies react with the 138,000 polypeptide, 
but not with the 160,000 polypeptide. 

Previous experiments with GP135 antibodies indicate that 
both fibroblasts and hemopoietic cells of the erythroid and 
myeloid lineages express the FN-R molecule.” The mole- 
cules expressed on fibroblast (GP135), hemopoietic cells 
(GP145), and platelets (138,000) are immunologically cross- 
reactive and therefore similar. The differences in mol wts 
might reflect differences in the extent of glycosylation or in 
the primary sequences. 

Another cell surface complex involved in adhesive interac- 
tions, the platelet GPIIb/IIla, has been found on a number 
of different cell types.” Recent data indicate that the 
GPIlb/IIla and FN-R complexes belong to a family of 
structurally related proteins that interact with their ligands 
via the Arg-Gly-Asp recognition sequence. The data pre- 
sented in this paper indicate that both these receptors are 
expressed at the platelet surface. 

Fibronectin is likely to be important in platelet adhesion to 
the subendothelium as suggested by Houdijk et al. One 
fibronectin binding site on platelets is represented by the 
glycoprotein complex GPIb/Ila.™ Binding of fibronectin 
to this receptor can be completed by physiological concentra- 
tions of fibrinogen,” suggesting that fibronectin-GPIIb/IIla 
interaction is unlikely to occur in plasma. Moreover, GPIIb/ 
llla glycoproteins become competent for fibronectin binding 
only after activation of platelets by thrombin,'° a condition 
that is not necessary for their adhesion and spreading on 
fibronectin." Taken together, this evidence suggests that a 
surface binding site distinct from GPIIb/IIIa may be 
involved in platelet-fibronectin interaction. Existence of 
more than one receptor for a single ligand is not an uncom- 
mon event. Fibroblasts seem to have two distinct binding 
sites for fibronectin® and platelets are able to bind von 
Willebrand factor by the GPIIb/IIla complex," as well as by 
the GPIb glycoprotein.” In this paper we demonstrate that 
platelets, in addition to the GPIIb/Illa heterodimer, express 
a distinct cell surface 160/138 complex. This molecule, 
structurally related to the fibroblast FN-R. represents a 
potential second binding site for fibronectin on platelets. 


REFERENCES 


1. Plow EF, Marguerie GA, Ginsberg MH: Expression and 
function of adhesive proteins at the platelet surface, in Phillips D, 
Shuman M (eds): The Biology of Platelets. Orlando, FL, Academic 
(in press) 

2. Ginsberg MH, Forsyth J, Lightsey A, Chediak J, Plow EF: 
Reduced surface expression and binding of fibronectin by thrombin- 
stimulated thrombasthenic platelets. J Clin Invest 71:619, 1983 

3. Gardner JM, Hynes RO: Interaction of fibronectin with its 
receptor on platelets, Cell 42:439, 1985 


4. Ruggeri ZM, Bader R, De Marco L: Glanzmann’s thrombas- 
thenia: Deficient binding of von Willebrand factor to thrombin- 
stimulated platelets. Proc Natl Acad Sci USA 79:6038, 1982 

5. Ruoslahti E, Pierschbacher MD: Arg-Gly-Asp: a versatile cell 
recognition signal. Cell 44:517, 1986 

6. Ginsberg M, Pierschbacher MD, Ruoslahti E, Marguerie GA, 
Plow EF: Inhibition of fibronectin binding to platelets by proteolytic 
fragments and synthetic peptides which support fibroblast adhesion. 
J Biol Chem 260:3931, 1985 


1638 


7. Plow EF, Pierschbacher MD, Ruoslahti E, Marguerie GA, 
Ginsberg MH: The effect of Arg-Gly-Asp-containing peptides on 
fibrinogen and von Willebrand factor binding to platelets. Proc Natl 
Acad Sci USA 82:8057, 1985 

8, Hl CR, Engvall E, Ruoslahti E: Adhesion of platelets to 
laminin in the absence of activation. J Cell Biol 99:2140, 1984 

9. Haverstick DM, Cowan JF, Yamada KM, Santoro FA: Inhibi- 
tion of platelet adhesion to fibronectin, fibrinogen and von Wille- 
brand factor substrates by a synthetic tetrapeptide derived from the 
cell-binding domain of fibronectin. Blood 66:946, 1985 


10. Plow EF, Ginsberg MH: Specific and saturable binding of 
plasma fibronectin to thrombin-stimulated human platelets. J Biol 
Chem 256:9477, 1981 


11. Giancotti FG, Tarone G, Knudsen K, Damsky C., Comoglio 
PM: Cleavage of a 135 kD cell surface glycoprotein correlates with 
loss of fibroblast adhesion to fibronectin. Exp Cell Res 156:182, 
1985 


12. Giancotti FG, Comoglio PM, Tarone G: A 135,000 molecular 
weight plasma membrane glycoprotein involved in fibronectin- 
mediated cell adhesion: Immunofluorescence localization in normal 
and RSV-transformed fibroblasts. Exp Cell Res 163:47, 1986 


13. Marguerie GA, Plow EF, Edgington TS: Human platelets 
possess an inducible and saturable receptor specific for fibrinogen. J 
Biol Chem 254:5357, 1979 


14. Jennings LK, Phillips DR: Purification of glycoproteins Hb 
and Ila from human platelet plasma membranes and characteriza- 
tion of a calcium-dependent glycoprotein Hb-Hla complex. J Biol 
Chem 257:10458, 1982 


15. Tarone G, Ferracini R, Galetto G, Comoglio PM: A cell 
surface integral membrane glycoprotein of 85,000 mal wt (gp85) 


GIANCOTTI ET AL 


associated with Triton X-100-insoluble cell skeleton. J Cell Biol 
99:512, 1984 

16. Shadle PJ, Ginsberg MH, Plow EF, Barondes SH: Platelet- 
collagen adhesion: Inhibition by a monoclonal antibody that binds 
glycoprotein lib. J Cell Biol 99:2056, 1984 

17. Thiagarajan P, Shapiro SS, Levine E, De Marco L, Yalein A: 
A monoclonal antibody to human glycoprotein [Ha detects a related 
protein in cultured human endothelial cells. J Clin Invest 75:896, 
1985 

18. Plow EF, Loftus JC, Levin EG, Fair DS, Dixon D, Forsyght 
J, Ginsberg MH: Immunologic relationship between platelet mem- 
brane glycoprotein GPHb/Ha and cell surface molecules expressed 
by a variety of cells. Proc Nat] Acad Sci USA 83:6002, 1986 

19. Painter RG, Ginsberg M: Concanavalin A induces interac- 
tion between surface glycoproteins and the platelet cytoskeleton. J 
Cell Biol 92:565, 1982 

20. Giancotti FG, Comoglio PM, Tarone G: Fibronectin-plasma 
membrane interaction in the adhesion of hemopoietic cells. J Cell 
Biol 103:429, 1986 

21. Houdijk WPM, Sixma JJ: Fibronectin in artery subendothe- 
lium is important for platelet adhesion. Blood 65:598, 1985 

22. Plow EF, Marguerie GA, Ginsberg MH: Fibronectin binding 
to thrombin-stimulated platelets: Evidence for fibrin(ogen) indepen- 
dent and dependent pathways. Blood 66:26, 1985 

23. McKeown-Longo PJ, Mosher DF: Interaction of the 70 
kilodalton amino-terminal fragment of fibronectin with the matrix- 
assembly receptor of fibroblasts. J Cell Biol 100:364, 1985 

24. Coller BS, Peerschke El, Scudder LE, Sullivan CA: Studies 
with a murine monoclonal antibody that abolishes ristocetin-induced 
binding of von Willebrand factor to platelets: Additional evidence in 
support of GPIb as a platelet receptor for von Willebrand factor. 
Blood 61:99, 1983 


Detection of Hemophilia A Carriers 
Using Intragenic Factor VIII:C DNA Polymorphisms 


By R.L. Janco, J.A. Phillips, Ii, P.J. Orlando, M.J. Woodard, K.L. Wion, and R.M. Lawn 


A DNA polymorphism for an Xbal site in intron 22 of the 
human factor VII:C gene extends the utility of DNA meth- 
ods for carrier detection in families segregating for hemo- 
philia A. While the DNA polymorphism detected by a Bcn 
site in intron 18 of the factor VII:C gene was informative 
for 41% of females studied, the Bg//intron 25 polymor- 
phism provided no additional information because of appar- 
ent linkage disequilibrium. In contrast, the Xbal intron 22 
polymorphism was useful in 53% of women who were 


Herein A, an X-linked disorder producing 
absence or dysfunction of the factor VIC molecule, 
is the most common severe congenital coagulopathy.' Despite 
advances in home infusion therapy, hemophilia A remains a 
potentially crippling and life-threatening condition. Thera- 
py-induced complications include chronic hepatitis, inhibitor 
formatioa, and infection with the human immunodeficiency 
virus (HIV)? Accordingly, many women at risk for being 
hemophilia carriers seek genetic counseling. Carrier detec- 
tion (phenotype assignment) by statistical analysis of factor 
levels and pedigree probabilities is limited in its applicability 
to certaim cases and includes significant risk for error, since 
misclassification rates vary from 5% to 15%.** The discovery 
of restriction fragment length polymorphisms (RFLPs) 
within aad closely linked to the factor VHI:C gene have 
recently provided markers for linkage analysis to determine 
the inheritance of normal or mutant (hemophilia) factor 
VHEC genes. Use of these RFLPs enables carrier detection 
and prenatal diagnosis to be accomplished more accurately 
by actual genotype rather than phenotype assessment. Once 
the linkage phase for intragenic RFLPs is established, car- 
rier assigament is basically nonprobabilistic if the consultand 
is heterozygous for the RFLP. Unfortunately, a single 
intragenic DNA polymorphism with two (+ and —) alleles 
can be informative for no more than 50% of women as 
predicted by the Hardy-Weinberg law.’ Additional intra- 
genic RFLPs, if informative, may serve to extend this highly 
accurate approach to more women at risk for transmitting 
the hemophilia gene. 

We have compared the utility of three intragenic RFLPs 
(Bell /intron 18, Xbal/intron 22, and Bg/l/intron 25) with a 
highly polymorphic, closely linked Tagl/Stl4 RFLP.*° Our 
results suggest a strategy for providing accurate genotype 
assignmeat for virtually all female relatives of hemophiliacs 
in an economical, efficient way. 


MATERIALS AND METHODS 


Study group. Informed consent was obtained from normal 
volunteers and obligate carriers in accordance with policies of the 
Vanderbilt Committee for the Protection of Human Subjects. Leu- 
kocyte DNA samples from women at risk for transmitting the 
hemophilia A gene were obtained and the status of the closely-linked 
Taqi/Stl4 and intragenic Be/l/intron 18 RFLPs were determined 
for 106 and 93 women, respectively. Forty-three women from 29 
families had additional analyses performed for the Bg/l/intron 25 
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uninformative (homozygous) for either the Bch or Bgl 
polymorphisms. Using the Bch/intron 18 and Xbal/intron 
22 intragenic polymorphisms, we could provide highly 
accurate information for 68% of women we studied who 
were at risk for carriership. The carrier status of the 
remaining 32% could be determined utilizing the closely 
linked Taqt/St14 DNA polymorphism. 
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and Xbal/intron 22 RFLPs. Of these 43, 16 were relatives of nine 
sporadic cases. Samples needed to establish the linkage phase were 
obtained from affected males and other family members. 

Isolation of DNA and Southern transfer. Whole venous blood 
(12 to 15 mL) was drawn using EDTA as an anticoagulant. 
Leukocyte DNA was isolated as previously described.” DNA was 
digested with various restriction endonucleases according to the 
manufacturer's instructions and subjected to electrophoresis for 16 
hours at 25 volts in 1% agarose slab gels. DNA fragments were 
transferred to filters (Gene Screen Plus membranes, New England 
Nuclear, Boston MA) by Southern blotting." 

DNA probes. Probes were radiolabeled with [PP] dATP and 
[P] dCTP. Hybridization and autoradiography were carried out as 
previously described.’ The DNA sequences used in these studies 
were genomic fragments in exon | 7-18, intron 22, exon 26, and Sul4 
(anonymous, closely linked).* Exon 26 analyses were kindly done by 
Dr Stylianos Antonarakis (Johns Hopkins University Schoo! of 
Medicine, Baltimore, MD) and the Sti4 clone was a gift from Prof 
J.L. Mandel, Strasbourg, France. The DNA probes for exon 17-18 
and intron 22 are available through the NIH Human Repository, 
ATCC, Rockville, MD. 


RESULTS AND DISCUSSION 


Frequency of informative RFLPs. A woman was consid- 
ered to be informative if she was heterozygous for an RFLP 
and the linkage phase of the DNA polymorphism and the 
normal or abnormal factor VIII:C allele could be estab- 
lished. The extragenic Tagi/Stl4 RFLP, which is closely 
linked, was informative in 103/106 (97%) of women studied. 
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In contrast, the Bc/I/intron 18 RFLP was informative for 
only 38/93 (41%) of women. This latter result is in close 
agreement with the prediction of Gitschier et al’! of 42% 
heterozygosity from estimated allelic frequencies of 71% and 
29% (2 pq = 2 x 0.71 x 0.29 = 0.41). 

The Bg/l/intron 25 RFLP was informative for 14/44 
women studied (32%). This agrees with prior estimates of 
heterozygosity that ranged from 11% to 38%." 

The Xbal polymorphic site in intron 22 was informative 
for 25/43 women (58%). The proportion of observed hetero- 
zygosity was slightly higher than the 48% expected from 
calculations based on previous reported allelic frequencies of 
59% and 41% (2 pq = 2 x 0.59 x 0.41 = 0.48)."? 

Linkage disequilibrium between the intron 18 and intron 
25 RFLPs. in a prior report, we noted that the intron 25 
RFLP offered little additional information to that provided 
by the intron 18 RFLP.’ Among 44 females for whom we 
have analyzed both RFLPs, 14 were informative with both, 
three were informative with only the intron 18 RFLP, and 27 
were not informative with either. A 2 x 2 contingency table 
testing for association of the two RFLPs suggests the intron 
18 and intron 25 RFLPs are in strong linkage disequilibrium 
(X? = 32.6, p < 0.0001). Thus in our experience the intron 
25 RFLP seems to have limited utility when compared to the 
intron 18 RFLP. 

Added utility of the intron 22 RFLP. \n contrast to the 
Bgll/intron 25 RFLP, the Xbal/intron 22 RFLP was often 
informative in those women who were homozygous for the 
Bcl 1/intron 18 RFLP (Fig 1). Among 38 women uninforma- 
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Fig 1. Utility of Xbal (intron 22) RFLP in a 

Ba \/ intron 18 family uninformative with either the Bci lin- 
tron 18) or the Bg/l (intron 25) RFLPs: W, 

Bgl | / Intron 25 affected male; ©, carrier; O, normal female; *, 
haplotype associated with the abnormal (he- 

Xba |/ Intron 22 mophilia) factor Vil:C allele. The symbols + 
and indicate the presence or absence of a 

6.6 kb polymorphic restriction site, respectively. The 


autoradiograms of DNAs digested with Xbal 


TRNA 6.2 kb and Kpni and hybridized to the intron 22 probe 
are shown below. Note that individual Ill, has 
a= 4.8 kb inherited the — allele and is thus a carrier, 


while Ill, has inherited two + alleles and is thus 
normal. 


tive for the Bc/I/intron 18 RFLP, 20 (53%) were informative 
with Xbal/intron 22. Similarly, among 35 women uninfor- 
mative with Bg/1/intron 25, 19 (54%) were informative with 
the Xbal/intron 22. These data suggest that the Xbal/intron 
22 RFLP may be informative in about 1/2 of those females 
who are homozygous for the other two intragenic RFLPs. 
Assuming complete linkage equilibrium, analysis of the 
Bell /intron 18 and Xbal/intron 22 RFLPs should be infor- 
mative for about 72% of the females (41% + .53 x 59% = 
72%); however, results obtained in earlier studies demon- 
strated that these polymorphisms are not in complete equilib- 
rium.” In our study, this combination was informative for 
25/39 (64%) women for whom we had complete data, 
suggesting that analysis of these two RFLPs could enable 
highly accurate carrier detection for about * of female 
relatives of males with hemophilia A. Moreover, our results 
suggest the optimal strategy for applying DNA techniques to 
both carrier detection and prenatal diagnosis of hemophilia 
A is to utilize analysis of the intron 18 and intron 22 
RFLPs. 

Uninformative with intragenic RFLPs. Of the 14 of 39 
women who were uninformative with any of the three intra- 
genic RFLPs studied, all were informative with the TaqI/ 
Stl4 RFLP. Although there is a significant (3.85%) risk of 
recombination between this RFLP and the factor VIIL:C 
gene (I. Peake, personal communication, January 1987), 
results obtained can be used to establish carriership with 
diagnostic accuracy that likely exceeds that obtained 
through conventional factor analysis.** 
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Expression of c-fos, c-myb, and c-myc in Human Monocytes: 
Correlation With Monocytic Differentiation 


By Jay Lee, Kapil Mehta, Mark B. Blick, Jordan U. Gutterman, and Gabriel Lopez-Berestein 


Terminal differentiation of human monocytic leukemia cells 
(THP-1 cells) was associated with the induction of c-fos, 
the down regulation of c-myb, and no significant change in 
the level of c-myc expression. Gamma interferon, which 
resulted in a slight decrease in c-myb but no change in c-fos 
or c-myc expression, had a transient antiproliferative 
effect without a morphological or functional differentiation 


ROTO-ONCOGENES seem to be involved in the regu- 
lation of cellular growth and differentiation." Recent 
studies suggest that c-fos may play a role in human and 
murine monocytic differentiation.*'® In fibroblasts, c-fos 
expression is normally very low but is rapidly induced by 
peptide growth factors,''!? suggesting that c-fos also plays a 
role in fibroblast proliferation. The human monomyelocytic 
leukemia cell line HL-60 can be induced by the tumor 
promoter |2-0-tetradecanoyl-phorbol-13 acetate (TPA) to 
differentiate into macrophagelike cells. This effect is 
accompanied by a reduction in the level of c-myb mRNA 
expression" and an increase in the level of c-fos expression 
and synthesis of c-fos protein.”'’ The function of the c-fos 
gene product may be associated with the transduction of 
nuclear signals that, depending on the differentiated state of 
the cell, may affect regulatory pathways either in the control 
of proliferation or in the induction or progression of differen- 
tiation. 

We and others have shown that c-myb and c-myc are 
transcribed preferentially in immature hematopoietic cells 
and that both genes appear to be regulated during myeloid 
cell differentiation and proliferation."**! Decreased expres- 
sion of c-myc has been demonstrated during the differentia- 
tion of the murine myeloid leukemia cell line WEHI-3B"° 
and in HL-60,” as well as in the terminal differentiation of 
cultured mouse erythroleukemia (MEL) cells.” Down regu- 
lation of c-myb expression has also been reported during T 
cell differentiation,“ during the promonocytic stage of 
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of THP-1 cells. Resting human peripheral blood monocytes 
have a high c-fos, a low c-myc, and no detectable c-myb 
expression. These findings suggest that a switch in 
c-fos/c-myb expression is associated with the terminal 
differentiation of cells of the monocytic lineage. 

e 1987 by Grune & Stratton, Inc. 


myeloid progenitor cells,”° and during TPA-induced mono- 
cytic differentiation of a human myeloblastic leukemia cell 
line, ML-1.?’ In this study we demonstrate that the terminal 
differentiation of the human monocytic cell line (THP-1) is 
associated with a switch of c-fos and c-myb expression. 


MATERIALS AND METHODS 


Human peripheral blood monocytes (HPBM) were isolated by 
centrifugal elutriation as described earlier.“ The THP-1 cell line 
was originally derived from a patient with acute monocytic leukemia 
and is maintained in RPMI 1640 medium. supplemented with 10% 
porcine serum, 10 mmol/L HEPES buffer, 100 ug/ml. streptomy- 
cin, and 100 U/mL penicillin.” RNA was prepared by the guanidin- 
ium cesium chloride method.” Polyadenylated RNA was selected by 
chromatography on oligo(dT )-cellulose columns.” The polyadeny- 
lated RNA (5 ug/lane) was size-fractionated by electrophoresis in 
LI% agarose gels containing 2.2 mol/L formaldehyde and trans- 
ferred onto nitrocellulose filters with 20 x standard saline citrate 
(SSC; 0.15 mol/L sodium chloride and 0.015 mol/L sodium 
citrate). The filter paper was hybridized to ’P-radiolabeled DNA 
probes at 42°C for 12 hours by a modification of the method 
described earlier.” The probes were radiolabeled by nick translation 
to a specific activity of | to 3 x 10% cpm/ug of DNA. The filters were 
then washed in 0.1 x SSC and 0.1% sodium lauryl sulfate ar 60°C 
for 60 minutes, air-dried, and autoradiographed with intensifying 
screens for two to seven days at -~70°C. Molecular cloning and 
preparation of the v-fos, c-myc, c-myb, and 8-actin probes were 
carried out as described previously. * 


RESULTS 


The human monocytic leukemia cell line THP-1 diferen- 
tiates to functionally nonproliferating adherent macrophage- 
like cells upon exposure to all-trans-retinoic acid (RA) or 
TPA but not to human recombinant interferon-y (R-IFN- 
y)” We studied the expression of c-fos, c-mpb, and c-myc in 
normal HPBM, in untreated THP-1 cells, and in THP-1 cells 
treated with RA (1 umol/L), TPA (50 ng/mL), or R-IFN-y 
(200 U/mL) for 24, 48, and 72 hours. By northern blot 
analysis, we detected a high level of c-fos, a low level c-myc, 
and no c-myb expression in freshly isolated HPBM (Fig 1). 
In contrast, we detected low levels of c-fos but a high level of 
c-myb and c-myc expression in untreated THP-1 cells. 
Exposure of THP-1! cells to RA at | mol/L concentration, 
which causes these cells to adhere, acquire phagocytic func- 
tions, and to stop proliferating as determined by *H-thymi- 
dine incorporation,” resulted in a high expression of c-fos at 
48 hours. By 72 hours of treatment, the level of expression 
had dropped slightly. The level of c-myb in RA-treated 
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Fig 1. Northern blot analysis demonstrating c-fos, c-myb, and 
c-myc expression in HPBM; uninduced THP-1 cells; THP-1 cells 
treated with 1 umol/L RA for 48 hours and for 72 hours and THP-1 
cells treated with R-IFN-y (200 units/mL) for 48 hours and for 72 
hours; and THP-1 cells treated with TPA (50 ng/mL) for 24 hours. 


THP-1 cells continuously decreased with time and became 
undetectable by 72 hours of treatment. C-myc expression 
was not affected after 48 and 72 hours of treatment with RA. 
R-IFN-y, which did not induce morphological or functional! 
differentiation in THP-1 cells but had a transient antipro- 
liferative effect,” caused a slight decrease in c-fos expression 
and no noticeable change in c-myb expression even after 
prolonged exposure (72 hours), Treatment with R-IFN-y did 
not affect the expression of c-myc in THP-1 cells. Twenty- 
four-hour exposure to TPA, a potent inducer of morphologi- 
cal and functional differentiation in THP-1 cells, resulted in 
a marked induction of c-fos expression. This was associated 
with a complete suppression of c-myb expression after 24 
hours of treatment but with no significant change in the level 
of c-myc expression. As an internal control, the northern 
blots were rehybridized with a 8-actin probe to ensure that 
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the differences observed in the levels of proto-oncogene 
expression were not attributable to loading unequal amounts 
of RNA onto the lanes. 

To quantitate the levels of expression, we serially diluted 
total cellular RNA from each sample, dot-blotted it onto 
nitrocellulose, and hybridized it with the c-fos, c-myb, and 
c-myc probes (Fig 2). We noted a 32-fold higher c-fos 
expression in HPBM when compared to untreated THP-|! 
cells; conversely, expression of c-myb was 32-fold higher and 
that of c-myc was 16-fold higher in untreated THP-! cells 
when compared to the expression in HPBM. RA treatment 
of THP-1 cells was associated with a 16-fold increase in c-fos 
expression by 48 hours and an eight-fold suppression of 
c-myb expression after 72 hours of treatment when compared 
with that of untreated cells. THP-1 cells treated with 
R-IFN-y showed a slight decrease in the level of c-fos 
expression and no significant change in c-myb expression 
Treatment of THP-1 cells with TPA resulted in more than an 
eightfold increase in c-fos expression, whereas c-myb expres- 
sion was almost completely abrogated under similar condi- 
tions. The increase in c-fos expression, induced by RA or 
TPA in THP-1 cells, was four- to eightfold lower than the 
levels detected in normal, freshly isolated HPBM and pre- 
ceded the down regulation of c-myh expression. The down 
regulation in c-myb expression was more rapid and more 
prominent in TPA-treated THP-1 cells than in RA-treated 
cells. We reprobed the dot blot filters with 8-actin and 
confirmed that changes in oncogene expression were not due 
to uneven RNA loading (data not shown). 


DISCUSSION 


The results show that the terminal differentiation of the 
THP-1 cell line is associated with a “switch” in c-fos/c-myh 
expression. At the time of terminal differentiation of THP-1, 
the levels of c-fos and c-myb expression approximate the 
levels detected in HPBM. It is important to point out that the 
HPBM used in this study were functionally unaltered” and 
were obtained under strict endotoxin-free conditions that 
represent a “resting state.” Once collected, they were imme- 
diately processed for analysis and, hence, represent their 
physiologic state in peripheral blood. The THP-1 cell line has 
the advantage of being 100% monocytic, as documented by 
morphologic, biochemical, and enzymatic characteriza- 
tion.**? Similar results were reported from studies of a 
human promyelocytic leukemia cell line, HL-60.*° These 
authors showed that differentiation of HL-60 cells toward 
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the monocytic pathway is accompanied by an enhanced 
expression of c-fos and a decreased expression of c-myb. 
HL-60 cells, which have the potential to differentiate into 
either granulocytes or monocytes, depending on the inducing 
signal, >+ express high levels of c-fos only when induced by 
TPA toward the monocytic pathway. No c-fos expression is 
observed in HL-60 cells when they are induced to differen- 
tiate toward the granulocytic pathway.” More recently these 
authors reported that in a TPA-resistant cell variant of the 
promyelocytic cell line HL-60, expression of c-fos is not 
required for differentiation into macrophages.” Thus, no 
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c-fos expression was observed when variants HL-525 or 
HL-534 were induced to differentiate into macrophages with 
1.25 (OH),D,. The 1.25 (OH),D,-induced differentiation, 
however, was not accompanied by growth arrest, suggesting 
that the c-fos gene product may serve as a signal for growth 
arrest. In our studies, terminal differentiation and growth 
arrest were associated with enhanced c-fos expression, sug- 
gesting that the c-fos gene product may serve as a signal to 
growth arrest during its differentiation toward the monocytic 
pathway. 
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GLYCOPROTEIN Ilb-Ilia AND PLATELET ADHESION 


To the Editor: 

The excellent report by Weiss and associates’ explores the possible 
role of glycoprotein Hb-Hla (GPIIb-IIla), as well as platelet-dense 
granule substances such as ADP in mediating platelet adhesion. The 
authors’ reference to the work by Timmons and colleagues’ raises 
several issues, worth considering further. Timmons and colleagues 
suggest that the binding of von Willebrand factor (VWF) to GP 
IIb-IIla, perhaps mediated by ADP released from platelet-dense 
granules, may also play a role in mediating platelet adhesion. If ADP 
mediates binding of vWF to GPIIb-[lla, enhancing the previous 
union to subendothelium through GPib and vWF [consistent with 
the findings in patients with storage pool deficiency (SPD), throm- 
basthenia, and Bernard-Soulier syndrome,'] the question arises as to 
how this model works. The ADP source is more likely to be the dense 
granule content of platelets rather than a contribution from RBCs. 
The platelet adhesion influenced by the hematocrit values in SPD 
patients needs further investigation because the number of patients 
studied was small. 

| would like to recall an old subject concerning von Willebrand’s 
disease (vWd) that might be useful in clarifying the conclusions by 
Timmons and colleagues. Platelet aggregation in vWd is believed to 
be normal’, however, exceptions were found.’ This intriguing issue 
led us to study 140 type I von Willebrand patients with differing 
disease severity.’ Platelet-induced aggregation with ADP, adrenalin 
(ADR), collagen (COL), arachidonic acid (AA), and ristocetin 
(RIPA) was performed in all patients; 47.1% had abnormalities in 
ADP second-wave aggregation alone or combined with abnormali- 
ties in ADR second wave. RIPA was abnormal in only 8.5% of the 
cases. Aggregation with COL and AA was normal in all patients. In 
patients with ADP abnormalities, statistical analysis showed a 
positive correlation with bleeding time and platelet adhesiveness 


values. The aforementioned data are also consistent with the recent 
conclusion of Timmons anc colleagues,” and ADP release reaction in 
these patients is under current investigation as is possible correlation 
with hematocrit values. Whether these abnormalities in platelet 
function represent intrinsically defective von Willebrand platelets 
remains tə be clarified. It seems clear though that ADP, whether 
contained within platelets or exogenously contributed, plays an 
important role in platelet adhesion. 

Finally. the interaction of fibrinogen (F), vWF, and GPIIb-ila is 
not clearly understood. Competition between vWF and F has been 
reported. Gralnick and co-workers demonstrated that F concentra- 
tions of ~ 5% of that present in normal plasma still inhibited binding 
of GPIlb4lla and vWF. Others suggest that this should not occur.’ 
Thus, it is interesting that the patient with marked deficiency of 
fibrinogen reported by Weiss and colleagues’ had normal! adhesion 
with C +S values compara bie to those of the normal at a shear rate of 
2,600 s`', particularly because fibrinogen-dependent platelet 
responses have been reported to be abnormal in such patients. A 
question then arises: Is fisrinogen so important in the interaction 
between GPIIb-[]a and vWF? There may be a preferred interaction 
of platelets with vWF contained within the platelet or immobilized 
on a surface.* Thus, | think it would be of benefit for those who have 
the techniques to study the possible role of a propolypeptide of vWF 
identical to vWAg UH? in mediating the exposure of GPilb-Illa 
complex to fibrinogen. 


RICARDO HARRINGTON 
Departamento de Hemostasia y Trombosis 
Academia Nacional de Medicina 

Buenos Aires 
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To the Editor: 

Dr Harrington comments on our findings in storage pool defi- 
ciency which suggest that ADP from platelets (or, possibly, from 
RBCs under some circumstances) might mediate platelet adhesion.’ 
He notes also that he found impaired ADP-induced platelet aggrega- 
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tion in seme patients with von Willebrand’s disease (vWd) and 
suggests that this may be evidence that ADP plays a role in von 
Willebrand factor (vWF)-mediated platelet responses, such as plate- 
let adhes:on.” We agree that this possibility should be explored 
further bat wish to emphasize the need to distinguish how ADP- 
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CORRESPONDENCE 


GPlib-Ila~vWF might mediate platelet aggregation from the 
possible role of these factors in mediating platelet adhesion. For 
example, vWF, bound to GPIIb-I}]a,’ may support platelet aggrega- 
tion, particularly when the fibrinogen concentration in the suspen- 
sion fluid’ or plasma‘ is very low. In addition, vWF influences 
platelet-to-platelet interaction (thrombus dimensions) on the suben- 
dothelium® and in packed bead columns’ even in the presence of a 
normal concentration of plasma fibrinogen. The above evidence 
suggests that, under some circumstances, platelet-to-platelet inter- 
actions may be mediated by ADP through mechanisms involving 
vWF and GPIIb-Ila. Our studies in storage pool deficiency and 
thrombasthenia' suggest a role for ADP-GPIIb-Illa in mediating 
platelet-to-surface reactions as well, but which of the various adhe- 
sive proteins (vWf, fibrinogen, fibronectin, thrombospondin), alone 
or in combination, are involved in this process remains to be 
determined. 


HARVEY J. WEISS 

VINCENT T. TURITTO 

HANS R. BAUMGARTNER 

Division of Hematology-Oncology 

St Luke’s-Roosevelt Hospital Center 
New York 

Department of Pharmaceutical Research 
F. Hoffman-La Roche 

Basel 
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ERRATA 





In the article by Arriaga et al entitled “Interrelationship Between Mitosis and Endomitosis in Cultures of Human 
Megakaryocyte Progenitor Cells,” which appeared in the February 1987 issue (Volume 69, pp 486-492), a typesetting error 
was made in the formula on page 487. The correct formula appears below: 


Megakaryocyte DNA content (i) = 











M, X2 


n 


2- D; 
j- 


n 
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ERRATA 





In some copies of the article by Pittaluga et al entitled “Development of T3/T Cell Receptor Gene Expression in Human 
Pre-T Neoplasms” which appeared in the April 1987 issue (Volume 69, pp 1062-1067), Figures 2 and 4 did not appear. The 


correct figures appear below: 
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Fig 2. T, gene rearrangements. Genomic DNA was digested 
with the indicated enzyme, size separated in agarose gels, and 
analyzed on Southern blots with the J, probe. Lanes are numbered 
according to the case number, C represents a germline (unrear- 
ranged) control, and the germline bands are indicated with dashes 
adjacent to the gel. No rearrangements were detected in either 
case 1 or 2 when digested with both enzymes BamHI or EcoRI. 
Rearrangements were detected in all other cases; for example, 
two rearrangements were seen in an EcoRI digest of case 3, and 
three rearrangements were present in a BamHI digest of case 4. 
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Fig 4. Northern blot analysis of 8, a, and T35 mRNA. Lane 


numbers refer to the individual case numbers, and mRNA sizes are 
given in kilobases (kb) on left. 8 Transcripts were detected in all 
samples except cases 1 and 2. Both the 1.3-kb and 1.0-kb message 
sizes could be detected in several cases. T, transcripts were 
detected in normal thymus, case 5, and in the Jurkat cell line. No 
transcripts were seen in either cases 3 or 4, and the extremely 
faint band in case 2 appearing after prolonged exposure is most 
likely attributable to a small percentage of normal T cells (~7%) 
contaminating this sample. T3ô mRNA was found in varying 
abundancy in most cases but was not detected in cases 1 or 2. 


ERRATA 1549 











In some copies of the article by Reid et al entitled “Identification of a Functional Role for Human Erythrocyte 
Sialoglycoproteins 8 and y” which appeared in the April 1987 issue (Volume 69, pp 1068-1072), Figure | did not appear. The 
correct figure appears below: 
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Fig 1. Immunochemical analysis of erythrocyte membranes. Coomassie brilliant blue-stained (lanes a through d), periodic-acid Schiff 
(PAS)-stained (lanes e through h), and Western blots (lanes i through p) of sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE) of sialoglycoprotein (SGP)-deficient membranes: results from a representative example of each type of SGP deficiency. 
Coomassie brilliant blue staining of SDS-polyacrylamide gradient gels showed that membranes deficient in a (lane b), 4 (lane c), or 8 (lane 
d) had the normal complement (lane a) of skeletal proteins. The only observed difference between the various samples and control 
membranes was the decreased mobility of band 3 in the a-deficient membranes. This phenomenon has been described previously and is 
due to an increase in size of the N-glycosidically linked oligosaccharide on band 3.*' The SGP components of these membrane preparations 
was determined following staining with PAS (lanes e through h). Membranes from E.P. were deficient in a SGP (lane f), membranes from 
A.T. were deficient in ô SGP (lane g). and membranes from J.C. were deficient in § SGP (lane h). The PAS-stained gel also illustrates the 
increased glycosylation of band 3 in the a-deficient membranes. Immunoblotting with antibody BRIC-10 showed that § SGP is absent only 
in 8-deficient membranes (lane |). Normal complement of Ê SGP is present in control membranes (lane i) and membranes from 
erythrocytes lacking a or 6 SGP (lanes j and k). Immunoblotting with the R1.3 shows that a SGP-deficient erythrocytes lack bands 
corresponding to monomeric a, dimeric a, and the heterodimer of a and 4 (lane n). Membranes from erythrocytes deficient in ô SGP lack 
monomeric 6, dimeric ô, and the heterodimer of a and 4 (lane o). The a and 5 SGP content was normal in control erythrocytes (lane m) and in 
the -deficient erythrocytes (lane p). 








ANNOUNCEMENTS 








THE THIRTEENTH INTERNATIONAL SYMPOSIUM FOR COMPARATIVE RESEARCH ON LEUKEMIA AND 
RELATED DISEASES AND POST-SYMPOSIUM SATELLITE WORKSHOPS 


Symposium 
November 8-13, 1987 
Laromme Hotel, Jerusalem, Israel 


Satellite Symposium 
November 14-17, 1987 
Eliat (Red Sea), Israel 


For further information, contact: Dr David S. Yohn, Secretary-General, Suite 302, 410 W Twelfth Ave, Columbus, OH 
43210, or Dr Ze'ev Trainin, Kimron Veterinary Institute, PO Box 12, Beit Dagan 50200, Israel. 
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AN OPEN INTERNATIONAL DISCUSSION SYMPOSIUM 
“NEWER STRATEGIES IN THE MANAGEMENT OF THROMBOTIC DISORDERS” 


November 12-14, 1987 
Loyola University Medical Center, Maywood, IL 


DISCUSSANTS (PROPOSED) 


N. Bang, Indianapolis, IN V. Gurewich, Boston, MA 

K. Breddin, Frankfurt, W Germany F. Leja, Chicago, IL 

G.V.R. Born, London, England V.J. Kakkar, London, England 
J.P. Caen, Paris, France E.F. Mammen, Detroit, MI 

J. Caprini, Chicago, IL H.L. Messmore, Chicago, IL 
J. Choay, Paris, France J. O’Brien, Portsmouth, UK 
U. Cornelli, Milan, Italy M. Samama, Paris, France 
J.F. Davidson, Glasgow, UK P. Scanlon, Chicago, IL 

J. Fareed, Chicago, IL J. Tobelem, Paris, France 

M. Gent, Hamilton, Ontario O.N. Ulutin, Istanbul, Turkey 


W.H. Wehrmacher, Chicago, IL 


Topics: heparin and its derivatives; Ticlopidine—newer antiplatelet drugs; T-PA and related thrombolytic agents; 
Defibrotide and related drugs; viscosity modulators; biotechnology-based products; polytherapy of thrombotic disorders; 
mechanical devices: physical devices; and target-specific agents. 


This is an open symposium and all interested individuals are invited to attend. The program will be available in October and 
will be forwarded to those interested via circulars. No registration fee is required from the participants; however, the 
registration is limited to the first 200. For further information, contact: Dr J. Fareed, Loyola University Medical Center, 2160 
S First Ave, Maywood, IL 60153. Telephone: (312) 531-3256. 





THE FIRST INTERNATIONAL SYMPOSIUM ON THE THALASSEMIAS IN CHINA 


October 12-15, 1987 
Shanghai, PR China 


Scientific Organizers: Dr Titus H.J. Huisman, Augusta, GA 
Dr Clark Lum, Bethesda, MD 
Dr Zeng Yi-tao, Shanghai, PR China 


The objective of this conference is to bring together experts from different countries to meet with their Chinese colleagues to 
stimulate further research in these diseases and to promote and establish scientific contacts. 


For further information, contact: Dr Titus H.J. Huisman, Medical College of Georgia, Augusta, GA 30912-3331, or write 
to the official travel agent: Amerasia Travel Agency, Inc, 3000 Connecticut Ave, NW, Suite 238, Washington, DC 20008. 





22ND CONGRESS OF THE INTERNATIONAL SOCIETY OF HEMATOLOGY 


August 28~September 2, 1988 
Milan, Italy 


President: Prof E. Polli 
Milan, Italy 


er information please contact the Organizing Secretariat: ISH 88, Fondazione Giovanni Lorenzini, Via Monte 
20121 Milan, Italy. Telephone: (02) 702 267 and 783 868. Cable: LORENZFOUND. 










The New York Academy of Sciences 
An International Organization 


Conference On: 
SICKLE CELL DISEASE—THE STATE OF THE ART 
April 11-13, 1988 
Hyatt Regency, Bethesda, Maryland 


The conference will provide an overview and assessment of the status of our knowledge and capabilities with 
respect to understanding and managing this disease. Six areas will be covered: Molecular Genetics of Hemoglobin; 
Pathophysiology—Cellular and Molecular; Clinical Aspects; Psychosocial Dimensions; Clinical Modifiers of Sickle 
Cell Genetics; and, Hemorheology and Microcirculation. 

There will be a contributed poster session. Abstracts of 300 words, or less, must relate to one of the six 
conference subject areas and should indicate the author(s), title of the poster, subject area, and the institution where 
the research or demonstration project was performed. The deadline for submission of abstracts is November 1, 1987 
and they should be sent to: Dr. Charles F. Whitten, Wayne State University, School of Medicine, 540 East Canfield 
Avenue, Scott Hall Room 1207, Detroit MI 48201. 


Conference Chairmen: 

Charles F. Whitten, M.D., Wayne State University, School of Medicine, Detroit, M1 

and 

John F. Bertles, M.D., Columbia University College of Physicians & Surgeons, and St. Luke’s/Roosevelt Hospital 
Center, New York City 


For program and registration information: Conference Department, The New York Academy of Sciences, 2 East 
63rd Street, New York, NY 10021. 











50,000 people will be 
saved from colorectal cancer 
this year. 

You can save one. 





Save yourself! Colo- 


rectal cancer is the 
second leading cause of 
cancer deaths after lung 
cancer. More than 90% 
of colorectal cancers 
occur equally in men 
and women past age 
50. Early detection 
provides the best hope 
of cure. That’s why if 
you're over 50, you 
should take this simple, 


easy slide test of your 
stool every year. 

Two days before 
the Stool Blood Test, 
you begin an easy-to- 
follow diet listed in the 
kit. The kit is chemi- 
cally treated to detect 
hidden blood in the 
stool which usually in- 
dicates some problem 
in the stomach or 
bowel, not necessarily 
cancer. Positive tests 
must be followed by 
further testing to find 


out what the problem is. 


Other tests for 
colorectal cancer you 
should talk to your doc- 
tor about: digital rectal 


Thies rnanan anniek daa ne = e 


exam (after 40), and 
the procto test (after 
50). Tell him of any 
family history of coli- 
tis, polyps, and any 
change in your bowel 
habits which could be a 
cancer warming signal. 

The American 
Cancer Society wants 
you to know, 





FACULTY POSITION 
HEMATOLOGY 
DEPARTMENT OF MEDICINE 
UNIVERSITY OF WESTERN ONTARIO 


This position will become available July 1, 1987, and 
offers an excellent opportunity for a Hematologist/ 
Oncologist to engage in research, teaching and patient 
care at University Hospital. In particular, the incumbent 
will be expected to develop a research program and 
clinical service in Bone Marrow Transplantation and 
should have a substantial record of achievement in this 
area. This is a geographic full time faculty position. 
Academic rank and salary will be commensurate with 
qualifications and experience. In accordance with 
Canadian immigration requirements, this advertisement 
is directed to Canadian citizens and permanent resi- 
dents of Canada. The University of Western Ontario is 
an equal opportunity employer. 


Reply to: Dr. J.W.D McDonald, Chairman, Dept. Medi- 
cine, The University of Western Ontario, Room 5-OF5, 
University Hospital, P.O. Box 5339, Postal Stn. A., 
London Ontario N6A 5A5, Canada. Telephone (519) 
663-3550. 





Royal Postgraduate Medical School 


(Unerersaty of London) 
MRC/LRF Leukaemia 


Research Unit 


Scientist— 
Molecular Basis of 
Leukaemia 







































The MRC Leukaemia Unit at the Royal Postgraduate Medical School and the 
Hammersmith Hospital in London has conducted research on the clinical and 
biological aspects of leukaemia since 1971. It has now been decided that, 
after the retirement of the present Director, Prof. D.A.G. Galton, on 30 
September 1987, the Unit will continue with support from the Leukaemia 
Research Fund in addition to that already provided by the Medical Research 
Council. The scope of the new Unit will be expanded with the creation ofa 
group aiming to study the molecular basis of leukaemia, in increased and 
adequately equipped laboratory space 


The Unit's work will be closely integrated on one hand with the clinical service, 
and on the other hand with the already existing laboratory of molecular 
genetics in the Department of Haematology in which the Unit is located. We are 
now seeking to appoint a person who will be the scientific leader of the 
Molecular biology group. The person selected will be offered a career 
appointment at a level commensurate with his/her scientific record. We are 
seeking particularly to recruit a scientist with a strong background in any area 
of molecular or cell biology. who desires to bring previous experience to bear 
on the understanding of leukaemogenesis and on the pathophysiology of 
leukaemic cells. Remuneration will be at an appropriate point on the scales for 
university non-clinical scientific staff. Standard MRC terms of employment 
apply (an Equal Opportunities Employer). A number of post-doctoral positions 
will be also available. Interested persons are invited to make contact as soon 
as possible with the new Director designate, Professor L. Luzzatto, Depart- 
ment of Haematology, RPMS, Ducane Road, London W12 OHS, (telephone 
01-740 3234) 


























Assistant 
Professor 


The Division of Hematology Oncology of Chil- 
dren's Hospital Medical Center, Department of 
Pediatrics, University of Cincinnati has a full-time 
faculty position available at the Assistant Profes- 
sor rank 


Applicant should have demonstrated capabilities 
and productivity in research and should be board 
certified or eligible. Emphasis on clinical patient 
care (inpatient and outpatient), on laboratory re- 
search associated with patient care, and teach- 
ing responsibilities 


Send letter of interest and copy of cerrent CV to 


Beatrice C. Lampkin, MD 
Professor of Pediatrics 
Director Hematology/Oncology 
Division 

CHILDREN’S HOSPITAL 
MEDICAL CENTER 


Cincinnati, Ohio 45229-2899 
8. e Telephone (513) 559-4266 
aN) 
— A An Equal Opportunity Employer Mt 





Children’s Hospital Medical Center 








RESEARCH HOSP. 


Danny Thomas Founi 
ALSAC 


many children, forev is cut short 
anc their memories are cancelled by 
cancer 

But you can help give them back 
those memories. To find out how 
write to ALSAC-St. Jude 505 N 
Parkway, Memphis, TN 38105. With 


your help, we can give them a forever 
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Immune Globulin Intravenous (Human) 


GAMMAGARD® 
DESCRIPTION 
Immune Globulin Intravenous (Human), 
GAMMAGARD® * is a sterile, dried, highly purified 


preparation of immunoglobulin which is derived from 
the cold ethanol fractionation process and is fur- 
ther purified using ultrafiltration and ion exchange 
adsorption. When reconstituted with the appropriate 
volume of diluent, this preparation contains approx- 
imately 50 mg of protein per mL, of which at least 
90% is gamma globulin. The reconstituted product 
contains approximately 1% sodium chloride, not 
more than 20 mg/mL glucose, not more than 
0.2 g/dL PEG, and 0.3M glycine as a stabilizing 
agent. It has a pH of 68404. 

The manufacturing process for Immune Globulin 
Intravenous (Human), GAMMAGARD, isolates 
gamma globulin without additional chemical or 
enzymatic modification and the Fe portion is main- 
tained intact. Immune Globulin Intravenous (Human), 
GAMMAGARD contains all the immunoglobulin G 
antibody activities which are present in the donor 
population. On the average, the distribution of IgG 
subclasses present in this product is the same as 
is present in normal plasma.’ Immune Globulin Intra- 
venous (Human), GAMMAGARD contains only trace 
amounts of IgM and igA. 

Immune Globulin Intravenous 
GAMMAGARD contains no preservative. 

This product has been prepared from large pools 
of human plasma which was taken only from plasma 
units found to have normal levels of alanine amino- 
transferase (ALT). Each unit of plasma used in the 
manufacture of this product has been found to be 
nonreactive for HBsAg and HTLV-II antibody by 
FDA approved tests. 


CLINICAL PHARMACOLOGY 

Immune Globulin Intravenous (Human), 
GAMMAGARD contains a broad spectrum of IgG 
antibodies against bacterial and viral agents that 
are capable of opsonization and neutralization of 
microbes and toxins. 

Peak levels of IgG are reached immediately after 
infusion of Immune Globulin Intravenous (Human), 
GAMMAGARD. It has been shown that IgG is 
distributed relatively rapidly between plasma and 
extravascular fluid until approximately half of the 
total body pool is partitioned in the extravascular 
space. A rapid initial drop in serum levels is, 
therefore, to be expected.2 

As a class, IgG survives longer in vivo than other 
serum proteins.2:3 Studies show that the half-life of 
Immune Globulin Intravenous (Human), 
GAMMAGARD is approximately 24 days. These find- 
ings are consistent with reports of a 21 to 25 day 
half-life for IgG.2.3.4 The half-life of IgG can vary 
considerably from person to person, however. In 
particular, high concentrations of IgG and hyper- 
metabolism associated with fever and infection have 
been seen to coincide with a shortened half-life of 
IgG.2.3,4,5 


INDICATIONS AND USAGE 


Antibody Deficiency 

Immune Globulin Intravenous (Human), 
GAMMAGARD is efficacious in the treatment of 
primary immunodeficient states in which severe 
impairment of antibody forming capacity has 


(Human), 


been shown, such as: congenital agammaglobu- 
linemias, common variable immunodeficiency. 
Wiskott-Aldrich syndrome, and severe combined 
immunodeficiencies.*.5 

Immune Globulin intravenous (Human), 
GAMMAGARD is especially useful when high levels 
or rapid elevation of circulating gamma globulins 
are desired or when intramuscular injections are 
contraindicated. 


CONTRAINDICATIONS 
None known. 


WARNINGS 

immune Globulin Intravenous (Human), 
GAMMAGARD should only be administered intra- 
venously. Other routes of administration have not 
been evaluated. 

Immune Globulin Intravenous (Human), 
GAMMAGARD contains very low quantities of IgA 
(not more than 10 pg/mL) and although no instances 
of anaphylaxis associated with the use of this pro- 
duct have been observed during the clinical trials, 
such reactions have been observed with other im- 
munoglobulin products.5:8 Immune Globulin 
Intravenous (Human), GAMMAGARD should be given 
with caution to patients with antibodies to IgA or 
selective IgA deficiencies. 


PRECAUTIONS 


Drug Interaction 

Admixtures of immune Globulin Intravenous 
(Human), GAMMAGARD with other drugs have not 
been evaluated. it is recommended that Immune 
Globulin Intravenous (Human), GAMMAGARD be ad- 
ministered separately from other drugs or medica- 
tion which the patient may be receiving. 


Pregnancy Category C 

Animal reproduction studies have not been con- 
ducted with Immune Giobulin Intravenous (Human), 
GAMMAGARD. It is also not known whether Immune 
Globulin Intravenous (Human), GAMMAGARD can 
cause fetal harm when administered to a pregnant 
woman or can affect reproduction capacity. Immune 
Globulin Intravenous (Human), GAMMAGARD should 
be given to a pregnant woman only if clearly needed. 


ADVERSE REACTIONS 

The incidence of untoward reactions to Immune 
Globulin Intravenous (Human), GAMMAGARD is low, 
although various minor reactions, such as head- 
ache, fatigue, chills, backache, lightheadedness, fever 
and nausea may occasionally occur. The incidence 
of these reactions during the clinical trials was less 
than 6%. Slowing or stopping the infusion usually 
allows the symptoms to disappear promptly. 

immediate anaphylactic and hypersensitivity re- 
actions due to previous sensitization, although they 
have not been observed during the clinical trials, are 
a possibility. Epinephrine should be available for treat- 
ment of any acute anaphylactoid reaction. (See 
WARNINGS.) 


DOSAGE AND ADMINISTRATION 


Antibody Deficiency 

For patients with primary immunodeficiencies, 
monthly doses of at least 100 mg/kg are recom- 
mended. Initially, patients may receive 200-400 
mg/kg. As there are significant differences in the 
half-life of IgG among patients with primary im- 
munodeficiencies, the frequency and amount of im- 
munoglobulin therapy may vary from patient to 
patient. The proper amount can be determined by 


monitoring clinical response and/or the serum IgG 
levels before each dose, to insure that they do not 
drop below 500 mg/dL. 


Rate of Administration 

It is recommended that initially a rate of 0.5 mL/kg 
per Hr be used. If infusion at this rate causes the 
patient no distress, the administration rate may be 
gradually increased but should not exceed 4 mL/kg 
per Hr. 

A rate of administration which is too rapid may 
cause flushing and changes in pulse rate and blood 
pressure. Slowing or stopping the infusion usually 
allows the symptoms to disappear promptly. 
Administration 

Immune Globulin Intravenous (Human), 
GAMMAGARD should be administered as soon after 
reconstitution as possible. Administration should not 
begin more than 2 hours after reconstitution. 

The reconstituted material should be at room 
temperature during administration. 

Parenteral drug products should be inspected 
visually for particulate matter and discoloration prior 
to administration, whenever solution and container 
permit. 

Follow directions for use which accompany the ad- 
ministration set. If a Hyland set is not used, make 
sure the administration set contains an adequate fitter 
How Supplied 

Immune Globulin Intravenous (Human). 
GAMMAGARD is supplied in either 2.5 g or 5.0 g 
single use vials. Each vial of Immune Globulin intra- 
venous (Human), GAMMAGARD is furnished with 
a Suitable volume of Sterile Water for Injection, USP. 
a transfer device and an administration set which 
contains an integral airway and a 15 micron fiter. 


Si 

Immune Globulin intravenous (Human). 
GAMMAGARD should be stored under ordinary 
refrigeration, (2 to 8 °C, 36 to 46 °F). Freezing should 
be avoided to prevent the diluent bottle from breaking. 
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The efficacy of an IGIV depends 
on the process used to make it. 





Efficacy from an 
Immune Globulin Intra 
venous (IGIV) depends 


A IVI iV 

Immune Globulin 
Intravenous (Human) — on many closely-linked 
factors. To function best, the entire IgG molecule 
should be undamaged — that is, intact. This lets the Fab 
portion bind antigens and the Fe section — the base of 
the “Y™— interact with a monocytes Fe receptors 
These capabilities are, in large part, what enables IgG 
to mediate phagocytosis 

A recent study compared the ability of various 
IGIVs to bind with human monocyte Fe receptors 


Those isolated by DEAE-Sephadex purification con 
served the capacity of IgG to interact with Fe recep 
tors!. One product preserved more of this capacity 
than all other preparations tested: GAMMAGARD® 
IGIV, which is produced by Travenol’ patented 
DEAE-Sephadex adsorption method. When your 
immunocompromised patients need an IGIV, 
specify GAMMAGARD® IGI\ 


TRAVENOL LABORATORIES, INC. 
HYLAND THERAPEUTICS DIVISION 


A leader for more than 30 years in therapeutic products and services 


For further information call 800/423-2090; from California 800/232-2200 


See the reverse for full prescribing information. 
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Consider: 


Thousands o 






Wellcovorin Tablets are dramatically improving the way 
patients are rescued. Often discharged from the hospital 
earlier, more patients are completing their therapy on an 
outpatient basis and 
returning to a more 
normal, comfortable 
lifestyle sooner. 
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WELLCOVORIN TABLETS 


(leucovorin calcium) 






For thousands of patients, Wellcovorin Tablets have provided the 
critical blood levels needed for life-saving rescue. The unique 
formulation of Wellcovorin Tablets has been shown to be completely 
bioavailable in a bioavailability study of 120 normal volunteers. 


‘Blum, Guaspari. et al: NCI Folate Symposium, Jan. 1986 












Wellcovorin Tablets have reduced the cost of leucovorin rescue 
significantly. Before Wellcovorin Tablets, the cost of leucovorin 

increased rapidly and consistently every year. Now, patients pay 
less for Wellcovorin Tablets, and often realize considerable 
savings from a reduction in hospital stays and clinic visits. 













For greater flexibility in oral dosing, Wellcovorin Tablets are 
available in two sizes: 5 mg (scored, bottles of 20 or 100) and 
25 mg (scored, bottles of 25). 
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WELLCOVORIN TABLETS 


(leucovorin calcium) 


Leucovorin in convenient 
5 mg and 25 mg tablets 


Before prescribing WELLCOVORIN?® Tablets, please consult 
complete prescribing information. The following is a brief 
summary. 
INDICATIONS AND USAGE: Wellcovorin (leucovorin 
calcium) is indicated for the prophylaxis and treatment of un- 
desired hematopoictic effects of folic acid antagonists (see 
WARNINGS). 
CONTRAINDICATIONS: Leucovonn is improper therapy 
for pernicious anemia and other megaloblastic anemias 
secondary to the lack of vitamin By. A hematologic remission 
may occur while neurologic manifestations remain 
progressive. 
WARNINGS: In the treatment of accidental overdosage of 
folic acid antagonists, leucovorin should be administered as 
promptly as possible. As the time interval between antifolate 
administration (e.g. methotrexate) and leucovorin rescue 
increases, leucovorin’s effectiveness in counteracting hema 
tologic toxicity diminishes. 
PRECAUTIONS: 
General: Following chemotherapy with folic acid antag- 
onists, parenteral administration of leucovorin is preferable 
to oral dosing if there is a possibility that the patient may 
vomit and not absorb the leucovorin. In the presence of perni- 
cious anemia a hematologic remission may occur while 
neurologic manifestations remain progressive. Leucovorin 
has no effect on other toxicities of methotrexate, such as the 
nephrotoxicity resulting from drug precipitation in the kidney 
Drug Interactions: Folic acid in large amounts may counter- 
act the antiepileptic effect of phenobarbital, phenytoin and 
primidone, and increase the frequency of seizures in suscep- 
tible children. 
Pregnancy: Teratogenic Effects: Pregnancy Category C 
Animal reproduction studies have not been conducted with 
Wellcovorin. It is also not known whether Wellcovorin can 
cause fetal harm when administered to a pregnant woman or 
can affect reproduction capacity. Welleovorin should be given 
to a pregnant woman only if clearly needed. 
Nursing Mothers: It is not known whether this drug is ex- 
creted in human milk. Because many drugs are excreted in 
human milk, caution should be exercised when Wellcovonn 
is administered to a nursing mother. 
Pediatric Use: See “Drug Interactions”. 
ADVERSE REACTIONS: Allergic sensitization has been 
reported following both oral and parenteral administration of 
folic acid 
OVERDOSAGE: Excessive amounts of leucovorin may 
nullify the chemotherapeutic effect of folic acid antagonists. 
DOSAGE AND ADMINISTRATION: Leucovorin is a spe- 
cific antidote for the hematopoietic toxicity of methotrexate 
and other strong inhibitors of the enzyme dihydrofolate reduc- 
tase. Leucovorin rescue must begin within 24 hours of anti- 
folate administration. A conventional leucovorin rescue 
dosage schedule is 10 mg/m’ orally or parenterally followed 
by 10 mg/m? orally every six hours for seventy-two hours. If, 
however, at 24 hours following methotrexate administration 
the serum creatinine is 50% or greater than the pre-metho- 
trexate serum creatinine, the leucovorin dose should be im- 
mediately increased to 100 mg/m’ every three hours until the 
serum methotrexate level is below 5 x 10-*M.!? 
The recommended dose of leucovorin to counteract hemato- 
logic toxicity from folic acid antagonists with less affinity for 
mammalian dihydrofolate reductase than methotrexate (1.¢. 
trimethoprim. pyrimethamine) is substantially less and 5 to 15 
mg of leucovorin per day has been recommended by some 
investigators. +* 
1. Bleyer WA: The Clinical Pharmacology of Methotrexate. Cancer, 
41(1):36-51, 1978 
Frei E, Blum RH, Pitman SW, et al: High Dose Methotrexate with 
Leucovorin Rescue: Rational and Spectrum of Antitumor Activity. Am J 
Med, 68:370-376, 1980 
Golde DW, Bersch N, Quan SG: Trimethoprim and Sulpha-methoxazole 
Inhibition of Hacmatoporesis in Virro. Br J Haematol, 403) 363-367 
978 
Sabet SE. Campbell CL. Rabinoviten PS, ef al: The Effect of 
Tnmethoprim/Sulfamethoxazole on Frend Erythroleukemia Cells 
Blood, 55(3): 501-504, 1980 
Mahmoud AAF and Warren KS: Algorithms in the Diagnosis and 


Management of Exotic Disease. XX Toxoplasmosis J Infect Dis. 13504) 
493.496, 1977 rts 
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THIS SPACE CONTRIBUTED AS A PUBLIC SERVICE 


You can help us 
raise the colorectal 
cancer cure rate. 





“If everyone over 50 had 
checkups for colorectal 
cancer, the cure rate could be 
as high as 75%," says Dr 
LaSalle D. Leffall, Jr., past 
president, American Cancer 
Society. “You can't cure it if 
you don't know you have it” 
But if it’s detected early, the 
cure rate for colorectal cancer 
is very high. Your doctor can 
perform the digital and 
proctoscopic exams, and you 
take care of the simple stool 
blood test at home. 

Since men and women are 
equally affected by this disease, 
we urge everyone over 50 to 
get regular checkups 

The warning signs for 
colorectal cancer are a change 
in bowel habits and blood in 
the stool 

People with a family history 
of colon or rectal cancer or 
ulcerative colitis are at higher 
risk and are urged to be 
doubly cautious 


Checkup Guidelines tor 
men and women over 50 
without symptoms 
e digital exam annually 


e stool blood test annually 

e procto exam every 3 to 5 
years after 2 negative tests 
l year apart 





No one faces 
cancer alone 
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* ‘hrombotic 
and Bleeding 
Disorders 


American Diagnostica, Inc. offers an 
array of innovative products for the 
study and diagnosis of thrombotic and 
bleeding disorders: 





kis and methods for Protein C 
antigen and functional activity assay 
in plasma; reagent for Protein S 


determination 
Platelets 


= aits for t-PA antigen, activity and 
inhibitor assay in plasma 


Standardized third generation 
chromogenic substrates for 
coagulation factor, heparin, Protein C, 
kallikrein and endotoxin assays 
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determination of soluble cross-linked ee 
fibrin fragments in plasma and serum : a 


TMBonocionai antibody panels to 
hemostasis related antigens; activator 
and coagulation factor zymogens, 
enzymes and inhibitors 
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EFFICACY WELL ESTABLISHED 


The efficacy of INTRON A was established in a 26-center clinical trial 
involving 145 patients with progressive hairy cell leukemia, a B-cell 
malignancy.'’ INTRON A achieved objective responses in 74% ot 
patients, measured as normalization of granulocyte, hemoglobin, 
and platelet values and elimination of transfusion dependency. ' 


92% PROBABILITY OF SURVIVAL 


In a separate analysis, a 24-month comparison was conducted 
between the INTRON A study population and historical controls.” 
After three months of therapy, patients receiving INTRON A reached 
and maintained a plateau of 92% probability of survival. The proba- 
bility of survival among historical controls, however, declined steadily 
to 40% at 24 months. ' 


KAPLAN-MEIER ESTIMATED SURVIVAL CURVES 
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*Seventy-one historical control patients were treated with current standard therapies. 85% with chemotherapy (mainly 
chlorambucil) and 15% with supportive care 


DRAMATIC CLINICAL IMPROVEMENTS 


More than 80% of the study population achieved normal levels of 
platelets by three months, of hemoglobin by six months, and of 
granulocytes by twelve months. Marked decreases in the incidence 
of life-threatening infections and transfusion dependency preceded 
normalization of hematologic values.’ 


THERAPY WELL TOLERATED 


Treatment-related side effects were generally mild to moderate and 
rapidly reversible upon discontinuation of therapy. The predominant 
complaint was a flu-like syndrome, which usually diminished with 
continued therapy. Mild-to-moderate skin rashes occurred intermit- 
tently in 40% of the study population. A low incidence of mild-to- 
moderate GI disorders was reported. ' 


APPLYING NEW TECHNOLOGY 
FOR ADVANCES IN ONCOLOGY 


For a brief summary of prescribing information, 
please see the following page. 
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PRODUCT INFORMATION 


THE FIRST INTERFERON 
FROM SCHERING RESEARCH 


INTRON?” A interferon alfa-2b 


recombinant for Injection 
BRIEF SUMMARY 


INDICATIONS AND USAGE INTRON A for Injection is indicated for the treatment of 
atients 18 years of age or older with hairy cell leukemia. Studies have shown that 
NTRON A can produce clinically meaningful regression or stabilization of this 

disease, both in previously splenectomized and non-splenectomized patients. 

Prior to initiation of therapy, tests should be performed to quantitate peripheral 
blood hemoglobin, platelets, granulocytes and hairy cells and bone marrow hairy 
cells. These parameters should be monitored periodically during treatment to 
determine whether response to treatment has occurred. If a patient does not 
respond within 6 months, treatment should be discontinued. If a response to 
treatment does occur, treatment usually should be continued until no further 
improvement is observed and these laboratory parameters have been stable for 
about 3 months (see DOSAGE AND ADMINISTRATION). It is not known whether 
continued treatment after that time point is beneficial. Studies are in progress to 
evaluate this question. 

CONTRAINDICATIONS INTRON A is contraindicated in patients with a history of 
hypersensitivity to interferon alfa or any component of the injection. 

WARNINGS Moderate to severe adverse experiences may require modification of 
the patient's dosage regimen, or in some cases, termination of therapy with 
INTRON A, 

Because of the fever and other “flu-like” symptoms associated with INTRON A 
administration, it should be used cautiously in patients with debilitating medical 
conditions, such as those with a history of cardiovascular disease (e.g., unstable 
angina, uncontrolled congestive heart failure), pulmonary disease (e.g., chronic 
obstructive pulmonary disease}, or diabetes mellitus prone to ketoacidosis. Caution 
should also be observed in patients with coagulation disorders (e.g., thrombophle- 
bitis, pulmonary embolism) or severe myelosuppression. 

Patients with platelet counts of less than 50,000/mm3 should not be administered 
INTRON A intramuscularly, but instead by subcutaneous administration. 

Cardiovascular adverse experiences which include significant hypotension, 
arrhythmia, or tachycardia of 150 beats per minute or greater, were observed in 
approximately 3% of the patients studied who had various malignancies and were 
treated at doses higher than those for hairy cell leukemia. The incidence of these 
complications in patients with preexisting heart disease is unknown. Hypotension 
may occur during administration, or up to two days post therapy, and may require 
supportive therapy including fluid re lacernartt to maintain intravascular volume. 
Supraventricular arrhythmias occurred rarely and appeared to be correlated with 
preexisting conditions, and prior therapy with cardiotoxic agents. These adverse 
experiences were controlled by modifying the dose or discontinuing treatment, but 
may require specific additional therapy. 

Those patients with a recent history of myocardial infarction and/or previous or 
current arrhythmic disorder, who require INTRON A therapy, should be closely 
monitored (see Laboratory Tests). 

Central nervous system effects manifested by depression, confusion and other 
alterations of mental etatus were observed in about 2% of hairy cell leukemia 
patients treated with INTRON A. The overall incidence in a larger patient population 
with other malignancies treated with higher doses of INTRON A was 10%. More 
significant obtundation and coma have been observed in some patients, usually 
elderly, treated at higher doses for other malignant diseases. These effects are 
usually rapidly reversible. In a few severe episodes, full resolution of symptoms has 
taken up to three weeks, Patients should be closely monitored until resolution of 
these effects. Discontinuation of INTRON A Interferon alfa-2b, recombinant for 
Injection therapy may be required. Narcotics, hypnotics, or sedatives may be used 
concurrently with caution. 

Acute serious hypersensitivity reactions (e.g., urticaria, angioedema, bronchocon- 
striction, anaphylaxis, etc.) have not been observed in patients receiving INTRON A; 
however, if such an acute reaction develops, the drug should be discontinued 
immediately and appropriate medical therapy instituted. Transient cutaneous rashes 
have occurred in some patients following injection, but have not necessitated 
treatment interruption. 

Laboratory abnormalities which occurred in hairy cell leukemia patients included 
elevated SGOT and SGPT, which occurred in 4% and 13% of patients, respectively, 
The overall incidences of laboratory abnormalities in a larger pe population with 
other malignancies, and treated at higher doses were somewhat higher. These 
included elevated liver function tests (SGOT, SGPT in 10% of patients) and reductions 
in granulocyte (20% of patients) and platelet counts (18% of patients) (see Laboratory 
Tests). These abnormalities are usually mild to moderate and transient. Severe 
abnormalities of these laboratory parameters are usually rapidly reversible upon 
cessation or reduction of INTRON A therapy. 

PRECAUTIONS Information for Patients Patients being treated with INTRON A should 
be directed in its appropriate use, informed of benefits and risks associated with 
treatment and referred to the Patient information Sheet. 

Patients should be cautioned not to change brands of Interferon without medical 
consultation as a change in dosage may result. 

lt is advised that patients be well hydrated especially during the initial stages of 
treatment. 

Laboratory Tests In addition to those tests normally required for monitoring patients 

with hairy cell leukemia, the following laboratory tests are recommended for all 

patients on INTRON A therapy. prior to beginning treatment and then periodically 

thereafter: 

e Standard hematologic tests — including complete blood counts and differential as 
well as platelet counts. 

® Blood chemistries — electrolytes and liver function tests. ; 

Those patients who have preexisting cardiac abnormalities and/or are in advanced 
stages of cancer, should have electrocardiograms taken prior to and during the 
course of treatment, 


Carcinogenesis, Mutagenesis, Impairment of Fertility Studies with INTRON.A have not 
been performed to determine carcinogenicity, or the effect on fertility. Interferon 
may impair fertility. Mutagenicity studies with INTRON A revealed no adverse effects. 

Studies in mice, rats, and monkeys injected with INTRON A for up to ene month 
have revealed no evidence of toxicity. However, due to the known species-specificity 
of interferon, the effects in animals are unlikely to be predictive of those in man. 

Category C Animal reproduction studies have not been conducted with 
INTRON A. it is also not known whether INTRON A can cause fetal harm when 
administered to a pregnant woman or can affect reproduction capacity. INTRON A 
should be given to a pregnant woman only if clearly needed. Anather interferon alfa 
preparation has been shown to have abortifacient effects in Macaca mulatta (rhesus 
monkeys) when given at 20 to 500 times the human dose. Therefore, INTRON A 
should be used during pregnancy only if the potential benefit justifies the potential 
risk to the fetus. In studies of interferon use in non-human primates, abnormalities 
of the menstrual cycle have been observed. 

INTRON A Interferon alfa-2b, recombinant for Injection should be used with 
caution in fertile men and women. 

Nursing Mothers It is not known whether this drug is excreted in human milk. 
However, studies in mice have shown that mouse interferons are excreted into the 
milk. Because of the potential for serious adverse reactions from INTRON A in 
nursing infants, a decision should be made whether to discontinue nurs:ng or to 
discontinue the drug, taking into account the importance of the drug tothe mother. 
Pediatric Use Safety and effectiveness have not been established in patients below 
the age of 18 years. 

ADVERSE REACTIONS Adverse reactions to INTRON A are dose-related. In studies of 
patients with malignancies other than hairy cell leukemia, hematologic and hepatic 
toxicities were more common in patients receiving individual injections greater than 
10 million 1U, than in patients receiving less than this amount. Hematologic, hepatic, 
cardiovascular and neurologic toxicities were more common in patients-receiving 
more than 30 million IU per injection than in patients receiving less than that amount. 

The following adverse reactions were reported to be Boseily or probably related 
to INTRON A therapy during clinical trials. The most frequently reported adverse 
reactions were flu-like symptoms, primarily fever, fatigue, and chills which occurred 
in almost all patients treated. Other organ systems in which reactions occurred in 
more than 5% of the patients are: 

General — Taste alteration, anorexia and weight decrease occurred uncommonly. 
Cardiovascular — Mild hypotension was frequently recorded although itwas rarely 
symptomatic. Hypertension also occurred less commonly. Tachycardias occurred 
uncommonly usually in association with high fevers. 

Gastrointestinal System — Nausea was commen, although vomiting occurred rarely. 
Mild diarrhea was reported less commonly. 

Hematologic — Mild thrombocytopenia and transient granulocytopenia occurred 
commonly. 

Musculo-Skeletal System — Myalgia and arthralgia occurred commonly, usually in 
association with other flu-like symptoms. i 

Nervous System — Headache, somnolence, confusion, and dizziness occurred 
uncommonly. Ataxia and paresthesia were rare. 

Psychiatric — Anxiety, depression and nervousness occurred uncommonly. 

Skin and Appendages — Mild pruritus occurred uncommonly. Mild alopecia was 
uncommon. Various transient, mild skin rashes were seen trequently in patients 
with hairy cell leukemia. 

Other Adverse Reactions — The following adverse reactions were reported with an 
incidence of 5% or fess: leg cramps, constipation, insomnia, herpetic eruptions, 
non-herpetic cold sores, urticaria, hot flashes, supraventricular arrhythmias, epis- 
taxis, stomatitis, paralytic ileus, dehydration, coagulation disorder (elevated PT and 
PTT}, abnormal vision, tremor, emotional lability, chest pain, pharyngitis and syncope. 

Adverse reactions reported rarely (less than 1%) were dyspepsia, purpura, dysp- 
nea, sneezing, oculomotor paralysis, nasal congestion, flatulence, increased saliva, 
hyperglycemia, and ulcerative stomatitis. 

Laboratory Value Changes — Those patient laboratory values which were normal to 
moderately abnormal (WHO grades 0-2) at baseline that worsened to either severe 
or life-threatening abnormalities (WHO grades 3 or 4) during some phase of treat- 
ment included: WBC, platelets, granulocytes, SGOT, creatinine, SGPT, EDH, and 
alkaline phosphatase. 

DOSAGE AND ADMINISTRATION The recommended dosage of INTRON A for 
Injection for the treatment of hairy cell leukemia is 2 million 1U/m? administered 
intramuscularly (see WARNINGS) or subcutaneously 3 times a week, Higher doses 
are not recommended. The normalization of one or more hematologic variables 
usually begins within 2 months of initiation of therapy. Improvement in all three 
hematologic variables may require 6 months or more of therapy. 

This dosage regimen shouid be maintained unless the disease progresses rapidly, 
or severe intolerance is manifested. If severe adverse reactions develop. the dosage 
should be modified (50% reduction) or therapy should be temporarily dscontinued 
until the adverse reactions abate. If persistent or recurrent intolerance develops 
following adequate dosage adjustment, or disease progresses, treatmert with 
INTRON A Interferon alfa-2b, recombinant for Injection should be discwntinued. 
The minimum effective dose of INTRON A has not been established. 

At the discretion of the physician, the patient may self-administer the dose. The 
medication may be administered at bedtime. 

HOW SUPPLIED INTRON A Interferon alfa-2b, recombinant for Injection is available 
in 3-, 5-, 10- and 25-million IU vials, each packaged with its own diluent. 

Store INTRON A for Injection, both before and after reconstitution, between 2° and 
8°C (36° and 46°F). 1BS-13762805 


References: 1. Data on file, Schering Corporation. 2. Jacobs AD, Champlin RE, Golde 
DW: Recombinant a-2-interferon tor hairy cell leukemia. Blood 1985; 65: 1017-1020. 
3. Golomb HM, Jacobs A, Fefer A, et al: Alpha-2 interferon therapy of hairy-cell 
leukemia: A multicenter study of 64 patients. j Clin Oncol 1986; 4:900-905. 
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‘Todays IGIV. 


Dont settle for less. 





For immunodeti- 
ciency syndromes: 
aggressive protec- 
tion against 
infection 

Patients without 
sufficient levels 
of antibodies face 
overwhelming 
infection, and they need 
help. Infusion with 
GAMIMUNE'N gives 
these patients the edge 
that may make the 
difference: antibodies 
| against major bacterial, 
viral and fungal 
pathogens. ..in just 
minutes. 


For both chronic 
and acute ITP 
in children and 
adults: rapid 
elevation of 
| platelet levels 
GAMIMUNE'"N 
may initiate a therapeutic 
increase in platelets 
in both children and 
adults with idiopathic 
thrombocytopenic 
| purpura (ITP).'*" 
Treatment with 
GAMIMUNE' N has 
enabled some ITP 
patients to undergo 
major surgery.' 
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IGIV that’s at 
least 98% pure 
gamma globulin 
Cutter’s fractionation 
method (Cohn-Oncley 
6 & 9) contains all the 
necessary steps to 
produce high purity 
immune globulin. 
GAMIMUNE'N 
contains no foreign 
contaminants, no 
detectable levels of 
protein aggregates or | 





| vasoactive enzymes.” 


| With GAMIMUNE*N | 


you get what you expect | 
... [GIV containing at 

least 98% pure gamma 
globulin. ' 


Gamimune N 


Immune Globulin 
Intravenous (Human) 5% 
(in 10% Maltose), pH 4.25 
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“Native” IGIV 


GAMIMUNE'N is 
manufactured without 
chemical modification. 
This means 
GAMIMUNE*N 
antibodies maintain 
normal opsonization 
capacity, have a normal 
distnbution of IgG 
subgroups and provide 
the immunologic activity 
of normal plasma. ' 





*It is not possible to predict which 
patients with [TP will respond to 
therapy. 

‘In patients who respond to therapy, a 
rise in platelet count is generally rapid 
(within 1 to 5 days), transient (most 
often lasting from several days to 
several weeks) and should not be 
considered curative. 


‘The Cohn-Oncley process used 











Documented in 
vitro inactivation 


of HTLV-III virus 





to produce Gamimune®N has 
been challenged i vitro with 
a virus spike of 1 x 10° TCID 
(Tissue Culture Infectious 
Doses) of HTLV-II and found 
to remove and/or inactivate the 
viral challenge. In addition, tist inti 
Gamimune*N undergoes an 

incubation step as a final 

container which has been shown 

to effect an additional 1 x 10° to 

1 x 10* TCID (Tissue Culture 

Infectious Doses) reduction of 

HTLV-II“ 





Todays simple, 
economical IGIV: 
the only ready- 
to-use liquid 

Dose for dose, 
GAMIMUNE 'N saves 
money by eliminating 
valuable recanstitution 
time in the pharmacy. 
Gram for gram of 
protein, GAMIMUNE* N 
is affordable; there is no | 
premium price for 
TODAY'S IGIV. 





From the original IGIV today’s IGIV..it offers more 


Please see following page for brief summary of prescribing information 


Gamimune N 


Immune Globulin 
Intravenous (Human) 5° 
(in 10% Maltose), pH 4.25 


CLINICAL PHARMACOLOGY 
Garumune' N supplies a broad spectrum of opsome and neutralizing IgG antibodies for 
the prevention or attenuation of a wide variety of infectious diseases. As Gamimune’*® Nis 
admunistered intravenously. essentially 100% of the infused IgG antibodies are immedi 
ately avaiable in the recipients circulation A relatively rapid fali in serum igG level in the 
first week postinfusion is to be expected. this decrease averages 50% of the peak level 
achieved immediately post-infusion and is mainly due to the equilibration of igG between 
the plasma and the extravascular space The in vivo halt-hfe of Garmmune* N equals or 
exceeds the three week half-life reported for IgG in the literature, but individual patent 
varianon. in haltdife has been observed Thus. this variabie as well as the amount of 
immune giobulin administered per dose is important in determining the frequency of 
adminstratian of the drug for each individual patient 

The intravenous admunstration of solutions of maltose has been studied by several 
investigators Healthy subjects tolerated the infusions well, and no adverse effects were 
observed ata rate of O 25g më kg body weight per hour in safety studies conducted 
by Cutter Biological. infusions of 10% maltose administered at 027-0 62 g maitosekg 
per hour to normal subjects produced either mild side effects (e g. headache} or no 
adverse reaction. Following intravenous administrations of maltose. maltose was 
detected in the penpheral blood: there was a dose-dependent excretion of maltose and 
Siucose in the urine and a mild diuretic effect. These alterations were weli tolerated with- 
out significant adverse effects. The highest recommended infusion rate, 0.08 mi/kg 
body weight per minute (see DOSAGE AND ADMINISTRATION), is equivalent to 0.48 g 
maltose/kg body weight per hour 

The buffer capacity of immune Globulin intravenous (Human) 5% fin I aitose). pH 
4 25.-Garumune’ Nis 16 5 mEq {~ 0.3 mEgég proteins a dose of 150-400 mg/kg (3-8 
mL/kg) body weight therefore represents an acid load of 00495-01326 mEq/kg body 
weight The totai buffering capacity of whole blood in a normal individuals 45-50 mEq. 
of blood, or mEgikg body weight. Thus, the acid load delivered in largest dose of 
Ganmumune* N would be neutralized by the buffering capacity of whole bicod alone, even if 
the dose were infused instantaneously. (An infusion usually lasts several hours} 

in Phase | human studies, no change in arterial blood pH measurements was detected 
following the intravenous acmunistration of Garnimune” N at a dase of 150 mg/kg body 
weight, following a dose of 400 mg/kg body weight in 37 patients, there were no cimically 
important differences in mean venous pH or bicarbonate measurements in patents who 
received Garmmune’ N compared with those who receved a chemic modified mtra- 
venous mmunogiobuln preparation with a pH of 68 









































inp s with limited or compromised acid-base compensatory mechanisms, consi- 
eration should be given to the effect of the additional acid load Gamumune* N might 
present 
INDICATIONS AND USAGE 


immunodeficiency Syndromes: Gamimune* N is indicated for the mamtenance treat- 
ment of patients who are unable to produce sufficient amounts of IgG antibodies Usage 
of Gamimune* N may be preferred to that of intramuscular immunogiobulin preparations. 
especially in patients who require an immediate increase in intravascular mmunagiobulin 
levels, in patients with a smaili muscle mass. and in patents with bleeding tendencies in 
whom intramuscular injections are contraindicated. it may be used in disease states such 
as congenital agammagiobulinemia {e g.. X-linked agammagiobulinemia). common varia- 
ble hypogammaglobulinema, Xjinked immunodeficiency with hyper IEM and in severe 
combined immunodeficiency 
idiopathic Thrombocytopenic Purpura (ITP): investigations in both children and adults 
have shown that Gamurnune* N may imtate a therapeutic increase in the platelet co 
clinical studies of Gamimune’ N, five of six (83.3%) children and 10 of 16 (62.5%) adults 
with acute or chrome ITP demonstrated clinically significant increments in the platelet 
count dunng or following an intial treatment course with Gamimune’ N at a dose of 400 
mg/kg body weight daily for five days. The duration of the piatelet nse following treatment 
of ITP with Gamimune” N was variable, ranging from several days up to 12 months or 
more Several ITP patients demonstrated continuing responsiveness over many months 
to intermittent Gamumune” N 400 mg/kg body weight single dose maintenance Courses 
Two of three children with acute ITP treated with Gamumune* N rapidly went into complete 
remission However, childhood ITP may respond spontaneously without treatment. Four 
patients with refractory ITP were able to undergo major surgical procedures as a result of 
the rapid nse in platelet count associated with Gamimune" N treatment 

In addition, one patient with severe thrombocytopenia due to post-transfusion purpura 
(PLA! allommune antibody with platelet anti PL“! specificity) also responded to treatment 
with Gamimune’ N, ata dase of 400 mg/kg body weight daily for 5 days. there was a rapid 
rise in the platelet count commencing on the third day of treatment 

It is presently not possible to predict which patients with ITP wii respand to therapy, 
although the increase in platelet counts in chidren seems to be better than that of adults 
In climeal situations in which a rapid nse in platelet count is needed to control bleeding or 
to allow a patient with ITP to undergo surgery. administration of immune Globulin Intra 
venous {Human} (in 10% Maltosej. pH 4.25—Gamimune” N should be considered. in 
patients in whom a response 15 acheved. the rise of platelets 1s generally rapid (within 1-5 
days), transient (most often lasting from several days to several weeks) and should not be 
considered curative. in some patents who relapse, a maintenance dose of Gamumune* N 
admit ed every several weeks may be of benefit once the platelet count decreases to 
clinically hazardous levels {see DOSAGE AND ADMINISTRATION) 
CONTRAINDICATIONS 
Gamumune’ Nis contraindicated in ind 








































iduals who are known to have had an anaphylactic 
or severe systemic response to immune Globulin (Hum ais with selective IgA 
deficiencies who have known antibody against IgA fant should not receive 
Gamumune’ N since these patients may experience severe reaction he IgA which may 
be present 













WARNINGS 
Gamimune’ * 





be administered oni Whar and s 











y intravenously as [he intramus: 


cimical picture of a 
immune glob 
Accordingly. th: 







t experience with i 
patient. The patient's vital signs should be morte and careful ob: 
tion made for any symptoms throughout the entre infusion Epinephrine should be avai 
able for the treatment of an acute anaonylactic reaction 
PRECAUTIONS 
General: Any vial that has been en 
should be discarded Do not use if turd S 
be used 
Drug interactions: !f duton 1s required, Garmirnune® N may be diluted with 5% dextrose 
in water (DSAV). No ather drug interactions or compatibilities have been evaluated Ios 
recommended that infusion of Gamimune” N be given by a separate hne, by itself, without 
maing with other in enous fluids of medications the patient might be receiving 
Pregnancy Category C: Animal reproduction studies have not been conducted with 
Gamumune* N itis not known whether Gamumune* N can cause fetal harm when admin- 
istered to a pregnant woman or can affect reproduction capacity Garumune” N should 
be given to a pregnant waman only if clearly needed 
ADVERSE REACTIONS 
ina study of 3; ng Gamimune’® Nata 
monthly dose of 400 mg/kg body weight, reactions were seen in 5 2% af the infusions of 
Gamimune’ N. Symptoms reported with Gamurnune’* N included malaise, a feeling of 
faintness. fever. chilis. headache, nausea. vomiting. chest tightness, dyspnea and chest 
back or hip pain. In addition, mid erythema foliowing infiitration of Immune Globulin Intra. 
venous (Human) 5% {in 1 Maitosej. pH 4 25-—-Gamimune* N at the infusion site was 
reported in some cases 

in further studies of Gamimune* N ment of b 
with ITP systenue ri ns were nated wi only 4 of 15 
occurred at rates of infusion greater than 0.04 mL/kg body y 
toms reported included chest tightness. a sense of tachycardi 
minute). and a burning sensation in the hea e 
Erythema. pain, phlebitis. or eczematous reacuons at the infusion site were also reported 
following infusion of Gamirnune* N to aduit ITP patients. These reactions occurred in 
4I of the infusions of Gamimune’ N and in 43.8% of the adult ITP population. No 
fons at the infus 
s of reactions have not been reported 













4 promptly Partially used vials 
has been frozen should not 





































d pediatric patients 
Husens. and all but one 
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reactions, therefore. may also include anxiety. flushing. wheezing, abdorunal cramps 

myalgias. arthraigia, and dizziness. rash has been reported only rarely Reactions to intra- 
venous immuncgliabuln tend to be related to the rate of infusion 

True anaphylactic reactions to Gamimune*® N may occur ir pients with docume 

5 s to ntramuscular immunoglobulin, bul some 

ammiunoglobuln without 
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history of severe 
ammunogiobuin 
DOSAGE AND ADMINISTRATION 
immunodeficiency Syndromes: The + 
immunodeficiency syndromes is 100 
tered approximately once a month 
inadequate, or the level of IgG achie 
dosage may be gen more frequer 
body weight 

idiopathic Thrombocytopenic Purpura: An in 
i children and some adults with acute or chron: 
body weight daily for five days. A response usually occurs 
tained for a variable penod of ume. in general a respanse kK 


ge of Garnimune” N for prophylaxis ii 
(2-4 miikg) of body weight admins 
us infusion H the chnical response is 

j eit to be insufficient, the 
s 400 mgikg (8 mL/kg) 
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of 400 mg/kg body weight administered as a s 
benefit once the platelet count decreases to chrncaily 
investigations indicate that Gamimune’ N is well-tolerated 
side effects when infused at the indicated rate Itis recommended that Gamumune* N be 
infused by itself ata rate of OQI to O O2 mL/kg body weight per minute for 30 minutes, if 
wei tolerated. the rate may be gradually increased to a me um of O O8 miskg body 
weight per minute. If side effects occur the rate may be re the infusion inter- 
rupted unti symptoms subside. The infusion may then be re at the rate which is 
comfortable for the patient 
Parenteral drug products should be inspected visually for particulate matter and dr 
oration prior to administration, whenever solution and container permit. 
US. License No 8 













REFERENCES: 1. GAMIMUNE® N Product License Application. 2. Lundblad JL. Mitra G 
Steinberg MM. et al: Comparative studies of impurities in intravenous immunoglobulin 
preparations. Rey Infect Dis 1986:8(Jui—Aug}: $382-~-$390. 3. Mitra G. Wong MF Mozen 
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All You Need Is Under One Roof: 


Custom designed & manufactured specialized blood processing sets. 


LIKE THE NAUTILUS SHELL, ETHOX 
contains many “chambers”, each available t 
assist you at every stage of the sterile 
disposable development and manufacturing 
process. That's why leading organizations rel 

on Ethox for: 

® Custom design & manufacture 

E Experimental & limited production quantities 

m Specialized blood & solution bags 







m |ntegrated blood tubing & bag sets 

® Blood bag PVC and other biocompatibility-tested 
and certified materials. 

Like the chambered Nautilus shell, a quarter century of 

Ethox expertise can provide you with the talent, systems 

facilities & capabilities in the design, development & 

manufacturing of specialized blood processing, 

handling & storage systems. 


Call today and ask for our free 22-page color catalog. /x 


x , TRC/Total Responsibility & Capability is 
iv 
Ethox 


Contract Development, Prototyping, Manufacturing 
CORP. 


& EtO Sterilization of Medical Disposables 
251D Seneca St., Buffalo, NY 14204-2088 è 716-842-4000 





. Read this 
like your life depends on it. 


your period, when breasts are nor- 
mal, practise this self-exam. Ask 
your doctor to teach you this method: 


a) 


Breast cancer found early and 
treated promptly has an excellent 
chance for cure. About a week after 
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1.In bath or shower. 
Fingers flat, move op- 

posite hand gently over 
each breast. Check for 

lumps, hard knots, 


thickening. 
AMERICAN 
\ R 
SOCIETY * 


This 


2.In front of a mirror. 
Observe breasts. Arms 
at sides. Raise arms 
high overhead. Any 
change in nipples. con- 
tours, swelling, dim- 
pling of skin? Palms on 
hips: press down 

firmly to flex chest 
muscles. Breasts do not 
usually match. 


space con 


tributed as a public servic 


3. Lying down. 
Pillow under right 
shoulder, right hand 
behind head. Left hand 
fingers flat, press 
gently in small circular 
motions starting at 

12 o'clock. Make about 
three circles moving 
closer to and including 
nipple. Reverse and 
repeat on left. 


MOLECULAR AND 
CELLULAR PROBES 


The Location, Diagnosis and Monitoring of Disease by Specific Molecules and Cell Lines 


Editors-in-Chiet The journal will publish the description, technical and 
C. N. Hales clinical evaluation of specific molecules and cell lines 
Department of Clinical Biochemistry, which may be used in the diagnosis, location and 


; f f monitoring of disease. 
rile F "dG x ve bridge, Also to be included are the description of new or greatly 


improved strategies for the production of molecules or cell 
lines potentially suitable as probes and of new strategies 
R. H. Yolken a for the generation and detection of signals from such 
Department of Pediatrics, probes. Animal studies in so far as they are clearly 
The Johns Hopkins University, Baltimore, relevant as models or tests of techniques applicable to 
Maryland, USA man also come within the scope of the journal. The journal 
aims to cross the traditional boundaries of diagnostic and 
clinical medicine departments since new probes or new 
Editorial Board approaches to the development of probes are likely to be 
L. Anderson (Atlanta, USA), |. D. Bernstein (Seattle, USA), ee ee a o a Nel 
P. Biberfeld (Stockholm, Sweden), M. K. Estes (Houston, USA), e ongina! AISCOVererS: B Y the publication of new work 
: ' and reviews the journal will aim to keep readers in close 
W. A. Franklin (Chicago, USA), H. B. Greenberg (Stanford, USA), Contact with the most recent advances in this rapidly 
J. F. Gusella (Boston, USA), B. A. Gusterson (Sutton, UK), expanding area of medicine. 
C. C. Harris (Bethesda, USA), C. S. Henney (Seatte, USA), 
L. A. Herzenberg (Stanford, USA), T. Hyypia (Turku, Finland), Research Areas include: 
J. A Kant (Philadelphia, USA), H. H. Kazazian (Baltimore, USA), — Detection and measurement of specific molecules by poly- 
D. M. Knowles (New York, USA), D. Louvard (Paris, France), nucleotides, monoclonal antibodies and cloned hybridomas or 
G. J. B. van Ommen (Leiden, The Netherlands), S. A. Plotkin cell lines. 
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D. C. Ward (New Haven, USA) e Animal models used as tests of the probes. 
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Both slides are herpes simplex. In immunocompromised patients, 
mucositis and stomatitis that appear to result from radiation 
therapy or immunosuppression may actually be caused by herpes 
simplex. Differential diagnosis can be problematic, but appropriate 
laboratory tests can aid in the determination. 

There is an effective therapeutic agent available 


ZOVIRAX LY. stops viral replication, speeds healing, and reduces 
pain. It is effective antiviral therapy for treatment of herpes 
simplex viral infections. 


ZOVIRAX IN. 


(acyclovir sodium) 
STERILE POWDER / IV. INFUSION 


When the problem begins with a virus, 
end it with an antiviral. 


Please see following page for brief summary of prescri bing information. 
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acyclovir sodium) 


STERILE POWDER /TV. INFUSION 


ZOVIRAX® 1.V. INFUSION (acyclovir sodium) sterile powder 
FOR INTRAVENOUS INFUSION OMLY 


INDICATIONS AND USAGE: Zovirax Sterite Powder is indicated for the treatment of initial and recurrent 
mucosal and cutaneous Herpes simplex (HSV-1 and HSV-2) infections in immunocompromised adults 
and children. It is also indicated for severe initial clinical episodes of herpes genitalis in patients who 
are not immunocompromised. 

These indications are based on the results of several double-blind, placebo-controlled studies 
which evaluated the drug's effect on virus excretion, complete healing of lesions, and relief of pain. 


Herpes Simplex Infections in Immunocompromised Patients 

A multicenter trial of Zovirax Sterile Powder at a dose of 250 mg/M? every 8 hours (750 me/Me/day} 
for 7 days was conducted in 97 immunocompromised patients with oro-facial. esophageal, genital 
and other localized infections (50 treated with Zovirax and 47 with placebo). Zovirax significantly 
decreased virus excretion, reduced pain, and promoted scabbing anc rapid healing of lesions. +23 


Initial Episodes of Herpes Genitalis 

A controlled trial was conducted in 28 patients with severe initial episodes of herpes genitalis with 
a Zovirax dosage of 5 mg/kg every 8 hours for 5 days (12 patients treated with Zovirax and 16 with 
placebo). Significant treatment effects were seen in elimination of virus from lesions and in reduction 
of healing times. 

in a similar study, 15 patients with initial episodes of genital herpes were treated with Zovirax 
5 mg/kg every 8 hours for 5 days and 15 with placebo. Zovirax decreased the duration of viral excretion, 
new lesion formation, duration of vesicles and promoted more rapid nealing of all lesions? 
Diagnosis 

The use of appropriate laboratory diagnostic procedures will help to establish the etiologic 
diagnosis. Positive cultures for Herpes simplex virus offer a reliable means for confirmation of the 
diagnosis. In initial episodes of genital herpes, appropriate examinatons should be performed to rule 
out other sexually transmitted diseases. Whereas cutaneous lesions associated with Herpes simplex 
infections are often characteristic, the finding of multinucleated giant cells in smears prepared from 
lesion exudate or scrapings may assist in the diagnosis. 


CONTRAINDICATIONS: Zovirax Sterile Powder is contraindicated for patients who develop hypersensi- 
tivity to the drug. 


WARNINGS: Zovirax Sterile Powder is intended for intravenous intusion only, and should not be 
administered topically, intramuscularly, orally, subcutaneously or in the eye. Intravenous infusions 
must be given over a period of at least ! (one) haur to prevent renal tubular damage {see PRECAUTIONS 
and DOSAGE AND ADMINISTRATION). 


PRECAUTIONS: 
General: The recommended dosage. frequency and length of treatment should not be exceeded (See 
DOSAGE AND ADMINISTRATION). 

Although the aqueous solubility of acyclovir sodium {for infusion} 1s > 100 mg/ml, precipitation of 
acyclovir crystals in renal tubules can occur if the maximum solubility of free acyclovir (2.5 mg/ml at 
37°C in water) is exceeded or if the drug is administered by bolus injection. This complication causes a 
rise in serum creatinine and blood urea nitrogen (BUN), and a decrease in renal creatinine clearance. 
Ensuing renal tubular damage can produce acute renal failure. 

Abnormal renal function (decreased creatinine clearance) can occur as a result of acyclovir 
administration and depends on the state of the patient's hydration, ather treatments. and the rate of 
drug administration. Bolus administration of the drug leads to a 10% incidence of renal dysfunction, 
while in controlled studies, infusion of 5 mg/kg (250 mg/M2) over an hour was associated with a lower 
frequency — 4.6%. Concomitant use of other nephrotoxic drugs. pre-existing renal disease, and 
dehydration make further renal impairment with acyclovir more likely. in most instances, alterations of 
renal function were transient and resolved spontaneously or with improvement of water and electrolyte 
balance, drug dosage adjustment or discontinuation of drug administration. However, in some 
instances, these changes may progress to acute renal failure 

Administration of Zovirax by intravenous infusion must be accompanied by adequate hydration 
Since maximum urine concentration occurs within the first 2 hours following infusion, particular 
attention should be given to establishing sufficient urine flow during that period in order to prevent 
precipitation in renal tubules. 

When dosage adjustments are required they should be based or estimated creatinine clearance 
(See DOSAGE AND ADMINISTRATION). 

Approximately 1% of patients receiving intravenous acyclovir have manifested enceghalopathic 
changes characterized by either lethargy, abtundation. tremors, confusion, hallucinations, agitation, 
seizures or coma. Zovirax should be used with caution in those patients who have underlying 
neurologic abnormalities and those with serious renal. hepatic, or electrolyte abnormalities or 
significant hypoxia. It should aiso be used with caution in patients who have manifested prior 
neurologic reactions to cytotoxic drugs or these receiving concomitant intrathecal methotrexate or 
interferon. 

Exposure of HSV isolates to acyclovir in vitro can lead to the emergence of less sensitive viruses. 
These viruses usually are deficient in thymidire kinase (required for acyclovir activation) and are less 
pathogenic in animals. Similar isolates have been observed in 5 severely immunocompromised 
patients during the course of controlled and uncontrolled studies of intravenously administered 
Zovirax. These occurred in patients with congenital severe combined immunodeficiencies or following 
bone marrow transplantation. The presence of these viruses was net associated with a worsening of 
clinical illness and, in some instances, the virus disappeared spontaneously. The possibility of the 
appearance of less sensitive viruses must be borne in mind when treating such patients. The 
relationship between the in vitro sensitivity of herpesviruses to ac’ clovir and clinical response to 
therapy has yet to be established. 


Drug Interactions: Co-administration of probenecid with acyclovir has been shown to increase the 
mean half-life and the area under the concentration-time curve. Urinary excretion and renal clearance 
were correspondingly reduced. Clinical experience has identified no other significant interactions 
resulting from administration of ather drugs concomitantly with Zovirax Sterile Powder. 


Carcinogenesis, Mutagenesis, Impairment of Fertility: Acyclovir was tested in lifetime bioassays in 
rats and mice at single daily doses of 50, 150 and 450 mg/kg given by gavage. There was no 
statistically significant difference in the incidence of tumors between treated and contro! animals, nor 
did acyclovir appear to shorten the latency of tumors. in 2 in vitro cell transformation assays, used to 
provide preliminary assessment of potential encogenicity in advance of these more definitive lifetime 
bioassays in rodents, conflicting results were abtained. Acyclovir was positive at the highest dose used 


in one system and the resulting morphologically transtormed celis formed tumors when inoculated into 
iain syngeneic, weanling mice, Acyclovir was negative in another transformation 
system. 

No chromosome damage was observed at maximum tolerated parenteral doses of 100 mg/kg 
acyclovir in rats or Chinese hamsters; higher doses of 500 and 1000 mg/kg were clastogenic in 
Chinese hamsters. in addition, no activity was found in a dominant lethal study in mice. in 9 of 11 
microbial and mammalian cell assays, no evidence of mutagenicity was observed. in 2 mammalian 
cell assays (human lymphocytes and L5178Y mouse lymphoma cells in vitro), positive responses for 
mutagenicity and chromosomal damage occurred, but only at concentrations at least 25 times the 
acyclovir plasma levels achieved in man. 

Acyclovir does not impair fertility or reproduction in mice at oral doses up to 450 mg/kg/day. In 
female rabbits treated subcutaneously with acyclovir subsequent to mating, there was a statistically 
significant decrease in implantation efficiency but no concomitant decrease in litter size at a dose of 
50 mg/kg/day. 

Pregnancy: Teratogenic Effects. Pregnancy Category C. Acyclovir was not teratogenic in the mouse 
(450 mg/kg/day, p.o.), rabbit (50 mg/kg/day, s.c.) or rat (50 mg/kg/day, s.c.). 

Although maximum tolerated doses were tested in teratology studies, the plasma levels obtained 
did not exaggerate maximum plasma levels that might occur with clinical use of intravenous acyclovir 

There have been no adequate and well-controlled studies in pregnant women. Acyclovir should be 
used during pregnancy only if the potential benefit justifies the potential risk to the fetus. 


Nursing Mothers: It is not known whether this drug is excreted in human milk. Because many drugs 
are excreted in human milk, caution should be exercised when Zovirax (acyclovir sodium) sterile 
powder is administered te a nursing woman. 


ADVERSE REACTIONS: The most frequent adverse reactions reported during controlled clinical trials of 
Zovirax in 64 patients were inflammation or phlebitis at the injection site following infiltration of the 
LY. fluid in 9 (14.0%), transient elevations of serum creatinine in 3 (4.7%), and rash or hives in 3 
(4.7%). Less frequent adverse reactions were diaphoresis, hematuria, hypotension, headache and 
nausea, each of which occurred in 1 patient (1.6%). Of the 63 patients receiving placebo, 3 (4.8%) 
experienced intlammation/phlebitis and 3 (4.8%) exgerienced rash or itching. Hematuria and nausea 
were experienced by placebo recipients at the same frequency 

Among 51 immunacompromised patients, one, a bone marrow transplant recipient with pneumo- 
nitis, developed seizures, cerebral edema, coma and expired with changes consistent with cerebral 
anoxia on postmortem biopsy; another immunocompromised patient exhibited coarse tremor and 
clenus. 

Additional adverse reactions were reported in uncontrolled trials. The most frequent adverse 
reaction was elevated serum creatinine. This occurred in 9.8 percent of patients, usually following 
rapid (less than 10 minutes) intravenous intusion. Less frequent adverse experiences were thrombocy- 
tosis and jitters, each in 0.4% of patients. 

Approximately 1% of patients receiving intravenous acyclovir have manifested encephalopathic 
changes characterized by either lethargy, obtundatien, tremors, confusion, hallucimations. agitation, 
seizures or coma (see PRECAUTIONS). 


OVERDOSAGE: Overdosage has been reported following administration of bolus injections, or inappro- 
priately high doses, and in patients whose fluid and electrolyte balance was not properly monitored. 
This has resulted in elevations in BUN, serum creatinine and subsequent renal failure. 

Precipitation of acyclovir in renal tubules may occur when the solubility (2.4 mg/ml) in the 
intratubular fluid is exceeded (see PRECAUTIONS). A six hour hemodialysis results in a 60% decrease 
in plasma acyclovir concentration, Data concerning pentoneal dialysis are incomplete but indicate 
that this method may be significantly less efficient ir removing acyclovir from the blood. in the event of 
acute renal failure and anuria, the patient may benefit from hemodialysis until renal function is 
restored (see DOSAGE AND ADMINISTRATION). 


DOSAGE AND ADMINISTRATION: CAUTION — RAPID OR BOLUS INTRAVENOUS AND INTRAMUSCULAR 
OR SUBCUTANEOUS INJECTION MUST BE AVOIDED. 

Dosage: MUCOSAL AND CUTANEOUS HERPES SIMPLEX (HSV-1 and HS¥-2) INFECTIONS IN IMMUNO- 
COMPROMISED PATIENTS —5 mg/kg infused a! a constant rate over i hour. every 8 hours 
(15 mg/kg/day) for 7 days in adult patients with normal renal function. In children under 12 years of 
age, more accurate dosing can be attained by infusing 250 mg/M? at a constant rate over 1} hour, every 
8 hours (756 mg/M?/day) for 7 days. 

SEVERE INITIAL CLINICAL EPISODES OF HERPES GENWITALIS — The same dose given above ~- 
administered for 5 days. 


Therapy should be initiated as early as possible following onset of signs and symptoms. 


PATIENTS WITH ACUTE OR CHRONIC RENAL IMPAIRMENT: Refer to DOSAGE AND ADMINISTRATION 
section for recommended doses, and adjust the dosing interval as indicated in the table below. 








Creatinine Clearance Dose Dosing interval 
(ml/min/].73M2) (mgrkg) (hours) 
>50 5 8 
25-50 5 12 
10-25 5 24 
0-10 25 24 





Hemodialysis: for patients who require dialysis, the mean plasma half-lite of acyclovir during 
hemodialysis is approximately 5 hours. This results in a 60% decrease in plasma concentrations 
following a 6 hour dialysis period. Therefore, the patient's dosing schedule should be adjusted so that a 
dose is administered after each dialysis. 


Method of Preparation: Each 10 mi vial contains acyclovir sodium equivalent to 500 mg of acyclovir. 
The contents of the vial should be dissolved in 10 ml of sterile water for injection or bacteriostatic water 
for injection containing benzyl alcohol yielding a final concentration of 50 mg/m! of acyclovir (pH 
approximately 11). Shake the vial well to assure complete dissolution before measuring and transfer- 
fing each individual dose. DO NOT USE BACTERIOSTATIC WATER FOR INJECTION CONTAINING PARA- 
BENS. It is incompatible with Zovirax Sterile Powder and may cause precipitation 


References: 1. C.D. Mitchell, et a/, Lancet 1(8235): 1389-1392, Jun. 27, 1981. 2. Wade, et al.. Ann. 
intern. Med. 96(3): 265-269, Mar. 1982. 3. J.D, Meyers, ef ai., Am J. Med. 73(1A): 229-235, Jul. 20, 1982. 
4. Data on file, Burroughs Wellcome Co. 5. A. Mindel, et al., Lancet J(8274): 697-700, Mar, 27. 1982. 
6. ZM. Naib, ef al., Cancer Res. 33:1452-1463, 1973. 
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Acute Revascularization of the Infarcted Heart presents the scientific basis for interventional therapy in 
patients with acute myocardial infarction. 

The text’s authoritative coverage is based on the new and unique concept of aggressive intervention. The 
opening chapter describes the scientific foundations for reperfusion. The role of surgical management and the 
use of emergency angioplasty for acute myocardial infarction are detailed. The anesthesiologist’s role in the 
reperfusion of the acute myocardial infarction is also presented. 

Cardiologists, cardiac surgeons, general practitioners, and anesthesiologists will appreciate the detailed 
coverage in this new book. The modes of intervention included and the presentation of results put Acute Revas- | 
cularization of the Infarcted Heart in the forefront of current literature. : 
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SUBMITTING THE MANUSCRIPT 


BLOOD, The Journal of The American Society of Hematology, 
provides an international forum for the publication of original 
articles, in English, describing basic laboratory and clinical inves- 
tigations encompassed in the broad discipline of hematology. The 
scope of the journal covers all aspects of hematology, including 
disorders of leukocytes, both benign and malignant, erythro- 
cytes, platelets, hemostatic mechanisms, and immunology, as 
well as major developments in clinical laboratory diagnosis and 
blood banking. 


Manuscripts are accepted for consideration on the condition 
that they are contributed solely to BLOOD, No substantial part of 
a paper may have been or may be published elsewhere, except for 
an abstract of 500 words or less. Manuscripts will be critically 
reviewed by the Editor or an Associate Editor with appropriate 
independent referees drawn from the Editorial Board and other 
experts. Acceptance of papers for publication is based upon the 
originality of the observation or investigation, the quality of the 
work described, and the clarity of the presentation. Papers will 
ordinarily be published in the order in which they 
are finally accepted for publication and not in the order of 
submission. Acknowledgments to other investigators for advice 
or data must be substantiated by written authorization specifi- 
cally granting permission to authors. 


Concise Reports: BLOOD will consider for rapid editorial 
review and decision Concise Reports of original investigations of 
scientific importance within the broad discipline of hematology. 
The value to the scientific readership of rapid publication is a 
criterion for acceptance of Concise Reports. Such manuscripts 
must represent original and definitive studies and include ade- 
quate description of experimental methods, documentation of 
findings, and references to the literature. No case studies, 
methods papers, or preliminary reports will be considered. The 
Editors will provide decisions on such manuscripts within three 
weeks of receipt at the BLOOD Office. These decisions may not 
be accompanied by detailed reviewers’ comments such as are 
returned with manuscripts handled in the ordinary manner. 
Request for consideration as a Concise Report should be made in 
the author's covering letter upon submission. Concise Reports 
cannot exceed ten typed pages, including tables, figures, and 
references (count two graphs or one photomicrograph as a typed 
page). Papers exceeding the ten-page limit will be delayed while 
the author is being contacted. Papers not accepted for rapid 
publication as Concise Reports may be resubmitted for consider- 
ation as regular manuscripts. 


Letters to the Editor: Letters to the Editor are welcomed and 
will be published if appropriate. They should be typewritten, 
double spaced, and generally should be no more than two 
typewritten pages in length. 


Editorials, Brief Reviews: Editorials and Brief Reviews may 


be solicited by the Editors. These manuscripts must be prepared 


in a manner appropriate for other papers and will be reviewed as 
are original articles submitted for consideration. 


Authors must accept the responsibility of conforming to the 
instructions in “Information for Contributors.” Articles, edito- 
rials, letters to the editor, and other text material in BLOOD 
represent the opinions of the authors and do not reflect the 
opinions of The American Society of Hematology, the publisher, 
or the institution with which the author is affiliated, unless the 
contrary is specified. 


Authors submitting a manuscript do so with the understand- 
ing that if it is accepted for publication, copyright in the article, 
including the right to reproduce the article in all forms and media, 
shall be assigned exclusively to the Publisher. To comply with US 
copyright law and the requirements of the insurance carrier, 
authors of accepted manuscripts and letters will be requested to 
sign a copyright release form. The Publisher will not refuse any 
reasonable request by the author for permission to reproduce any 
of his or her contributions to the journal. 

Submit papers, with a $50.00 (in US funds) check, money 
order, or institutional purchase order to cover the cost of manu- 
John W. Adamson, MD, Editar 
BLOOD 
University District Building— Room 410 
1107 NE 45th St 
Seattle, WA 98105 
(206) 545-8080 

All checks and money orders must be marked with the first 
author’s name, in order to avoid delay in processing. Receipt of a 
manuscript will be acknowledged by a card bearing the name of 
the Editor or Associate Editor who is assigned responsibility for 
the review process. All correspondence concerning the manu- 
script should be addressed to the Editor or Associate Editor. 
Effective January 1, 1987, all manuscripts subrnitted to BLOOD 
and subsequently accepted for publication will be assessed a 
$50.00 charge per published page. This charge is necessary to 
offset the increasing costs of publication. 


script handling, to: 


Papers reporting human experimentation will be reviewed in 
accordance with the precepts established by the Helsinki Decla- 
ration. Copies of this declaration may be obtained by writing to 
the American Medical Association, 535 N Dearborn St, Chicago, 
IL 60610. Such papers must include a statement that the human 
investigations were performed after approval by a local Hurnan 
Investigations Committee and in accord with an assurance filed 
with and approved by the Department of Health and Human 
Services where appropriate. 


All manuscripts dealing with recombinant DNA research must 
include a description of the physical and biologic containment 
procedures practiced, in accord with the National Institutes of 
Health Guidelines for Research Involving Recombinant DNA 
Molecules. The Editors of BLOOD will assume that the authors of 
research papers published in BLOOD are prepared to distribute to 
bona fide academic investigators exclusively for their own 
research any clone of cells or DNA used in the experiments. 
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PREPARING THE MANUSCRIPT 


The original and two complete copies of the manuscript 
(including letters to the Editor) must be submitted. Manuscripts 
must be typewritten, double or triple spaced on good quality 
8y¥,-by-11-inch white paper with margins of at least one inch. 
Please do not use erasable bond. 

The first page of the manuscript should contain the following 
information: (1) title of the paper; (2) authors’ names; (3} name 
of institution in which work was done; (4) acknowledgments for 
research support; (5) name and address of the author to whom 
communications regarding the manuscript should be directed. 

The second page should contain an abstract of 200 words or 
less, summarizing the reason for the study, the methods used, 
the results, and the major conclusions. Do not include a summary 
at the end of the paper. 


PREPARING ILLUSTRATIONS AND TABLES 


Tables and illustrations must be cited in order in the text using 
arabic numerals. All line drawings should be submitted as clear, 
glossy, black and white photographs. Hand-drawn or hand- 
lettered illustrations are unacceptable. Legible copies may be 
used only with the duplicate manuscripts. Photomicrographs and 
other photographic illustrations must be submitted in triplicate: 
photocopies of photographs and line drawings are not accept- 
able. The name of the first author, figure number, and designation 
of the top of the illustration should be marked on the back of each 
illustration with a soft lead pencil. Authors should avoid mounting 
illustrations on boards unless mounting is necessary to insure 
proper placement. Legends for illustrations should be typewrit- 
ten, double spaced, on a separate sheet, and included at the end 
of the manuscript. A legend must accompany each illustration. 
Contributors will pay all charges involved in processing and 
printing of color photographs. 

Figures, especially charts, graphs, and line drawings, are 
generally reduced in size for publication (consult a recent issue of 
the journal for examples). To maintain legibility it is important 
that all numbers, letters, anc symbols be large enough originally 
so that when reduced they will remain at least ya inch (2 mm) 
high (ie, approximately the same size as used for this line of type). 
Figures not properly prepared will have to be returned to the 
contributor for revision or will be relettered by the printer and the 
cost charged to the contributor. 

Each table should be typed on a separate sheet and appropri- 
ately numbered. Table legends should be typed on the same 
sheets as the tables. 

Failure to comply with the specifications for preparing illustra- 
tions and tables may result in a delay of the review process. 


REFERENCES 


References should be compiled at the end of the article 
according to the order of citation in the text. They should be 
typewritten, double spaced, under the heading REFERENCES. 
Abbreviations for titles of medical periodicals should conform to 
those used in the latest edition of Index Medicus. (A “List of 
Journals Indexed in Index Medicus” -—with abbreviations —is 
obtainable from the Superintendent of Documents, US Govern- 
ment Printing Office, Washington, DC 20402, at a modest 
charge.) Name all authors. Supply only first page number for each 
reference. References to abstracts and letters must be identified 
as such. 


INFORMATION FOR CONTRIBUTORS 


Personal communications end references to publications in 
press by authors other than those submitting the paper must be 
substantiated by a letter from the investigator(s) concerned 
confirming the data or observations and granting the authors 
permissicn to cite the material. 


EXAMPLES OF REFERENCES 


Journal article, one or more authors: 

1. Golomb HM, Vardiman J, Sweet DL, Simon D, Varia- 
kojis D: Hairy cell leukemia: Evidence for the existence of a 
spectrum of functional capabilities. Br J Haematol 38:161, 
1978 
Journal article, in press: 

2. O'Malley JE, Eisenberg L: The hyperkinetic syndrome. 
Semin Psychiatry (in press) 

Complete book: 

3. Lilie RD: Histopathologic Technic and Practical Histo- 
chemistry (ed 3). New York, Biakiston, 1965, p 39 
Chapter of book: 

4. Moore G, Minowada J: Human hemopoietic cell lines: A 
progress report, in Farnes P ied): Hemic Cells In Vitro, vol 4. 
Baltimore, Williams & Wilkins, 1969, p 100 
Chapter of book that is part of published meeting: 

5. Natvig JB, Kunkel HG, Gedde-Dahl T Jr: Genetic studies of 
the heavy chain sub-groups of G globulin, in Killander J (ed): 
Gamma Globulins, Proceedings of the Third Nobel Symposium. 
New York, Wiley, 1967 
Chapter of book that is part of unpublished meeting: 

6. Peolliak A: A morphologic study of the lymphoproliferative 
lesions induced by excess vitamin A. First Meeting, European 
Division, International Society of Hematology, Milan, 1971, p 
181 
Abstract: 

7. Carnutte JT, Karnovsky ML, Babior BM: Manganese- 
dependent NADPH oxidation by a particulate preparation from 
guinea pig granulocytes: An alternative interpretation. Clin Res 
23:271A, 1975 {abstr} 

Letter te the Editor: 

8. Seeler RA: Sickle cell anemia monthly variations. Blood 

47:879, 1976 (letter) 


PROOFREADING 


Contributors are provided with galley proofs and are asked to 
proofread them for typesetting errors. Important changes in data 
are allowed, but authors will be charged for excessive alterations 
in proof. Galley proofs should be returned within 48 hours. 


REPRINTS 


Reprints of articles can be furnished to contributors when 
ordered in advance of publication. An order form, showing'cost of 
reprints, is sent with proofs. Individuals wishing to obtain reprints 
of an article that appeared in BLOOD can do so by contacting the 
author at the address given in the journal. 


ANNOUNCEMENTS 


Announcements of meetings, conferences, and the like that 
are of interest to the readership of BLOOD should be sent to the 
Editor at least three months before the first day of the month of 
issue. Fees for announcements vary, depending on their size and 
the number of issues involved. Prices may be obtained by 
contacting the BLOOD office. 


The efficacy of an IGIV depends 
on the process used to make it. 
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~ SS UNUT S SNTE Inmune Globulin intra 
Immune Globulin venous (IGI\ ) depends 
Intravenous (Human) 6) many closely-linked 
factors. To function best, the entire IgG molecule 
should be undamaged — that is, intact. This lets the Fab 
portion bind antigens and the Fe section — the base of 
the “Y"— interact with a monocyte’ Fe receptors 
These capabilities are, in large part, what enables IgG 
to mediate phagocytosis 

A recent study compared the ability of various 


IGIVs to bind with human monocyte Fe receptors 


Those isolated by DEAE-Sephadex purificatior 
served the capacity of IgG to interact with Fi 
tors!. One product preserved more of this capacity 
than all other preparations tested: GAMMAGARD" 
IGIV, which is produced by Travenol’s patent 
DEAE-Sephadex adsorption method. Wher 
immunocompromised patients need an IGI\ 
specify GAMMAGARD”® IGI\ 


| Jungi. TW., Santer. M., Lerch, PG randun, 5.: Effe 
(sar ma-Globulin IgG ) for Achieving Intrav us Toleran 


eract with Human Monocyte Fe Receptor 


TRAVENOL LABORATORIES, INC. 
HYLAND THERAPEUTICS DIVISION 


A leader for more than 30 years in therapeutic products and services 


For further information call 800/423-2090; from California 800/232-2200 


See the reverse for full prescribing information. 


DIRECTION INSERT 


Immune Globulin Intravenous (Human) 
GAMMAGARD® 


DESCRIPTION 

Immune Globulin Intravenous (Human), 
GAMMAGARD® * is a sterile, dried, highly purified 
preparation of immunoglobulin which is derived from 
the cold ethanol fractionation process and is fur- 
ther purified using ultrafiltration and ion exchange 
adsorption. When reconstituted with the appropriate 
volume of diluent, this preparation contains approx- 
imately 50 mg of protein per mL, of which at least 
90% is gamma globulin. The reconstituted product 
contains approximately 1% sodium chloride, not 
more than 20 mg/mL glucose, not more than 
0.2 g/dL PEG, and 0.3M glycine as a stabilizing 
agent. It has a pH of 6.80.4. 

The manufacturing process for Immune Globulin 
Intravenous (Human), GAMMAGARD, isolates 
gamma globulin without additional chemical or 
enzymatic modification and the Fe portion is main- 
tained intact. immune Globulin Intravenous (Human), 
GAMMAGARD contains all the immunoglobulin G 
antibody activities which are present in the donor 
population. On the average, the distribution of IgG 
subclasses present in this product is the same as 
is present in normal plasma.’ Immune Globulin Intra- 
venous (Human), GAMMAGARD contains only trace 
amounts of IgM and IgA. 

Immune Globulin Intravenous 
GAMMAGARD contains no preservative. 

This product has been prepared from large pools 
of human plasma which was taken only from plasma 
units found to have normal levels of alanine amino- 
transferase (ALT). Each unit of plasma used in the 
manufacture of this product has been found to be 
nonreactive for HBsAg and HTLV-II! antibody by 
FDA approved tests. 


CLINICAL PHARMACOLOGY 

Immune Globulin Intravenous (Human), 
GAMMAGARD contains a broad spectrum of IgG 
antibodies against bacterial and viral agents that 
are capable of opsonization and neutralization of 
microbes and toxins. 

Peak levels of IgG are reached immediately after 
infusion of Immune Globulin Intravenous (Human), 
GAMMAGARD. It has been shown that IgG is 
distributed relatively rapidly between plasma and 
extravascular fluid until approximately half of the 
total body pool is partitioned in the extravascular 
space. A rapid initial drop in serum levels is, 
therefore, to be expected.2 

As a class, IgG survives longer in vivo than other 
serum proteins.,3 Studies show that the half-life of 
Immune Globulin Intravenous (Human), 
GAMMAGARD is approximately 24 days. These find- 
ings are consistent with reports of a 21 to 25 day 
half-life for IgG.2.3.4 The half-life of IgG can vary 
considerably from person to person, however. in 
particular, high concentrations of IgG and hyper- 
metabolism associated with fever and infection have 
been seen to coincide with a shortened half-life of 
IgG.2.3.4,5 


INDICATIONS AND USAGE 


Antibody Deficiency 

Immune Globulin Intravenous (Human), 
GAMMAGARD is efficacious in the treatment of 
primary immunodeficient states in which severe 
impairment of antibody forming capacity has 


(Human), 


been shown, such as: congenital agammagiobu- 
linemias, common variable immunodeficiency, 
Wiskott-Aldrich syndrome, and severe combined 
immunodeficiencies.*.5 

Immune Globulin Intravenous (Human), 
GAMMAGARD is especially useful when high levels 
or rapid elevation of circulating gamma globulins 
are desired or when intramuscular injections are 
contraindicated. 


CONTRAINDICATIONS 
None known. 


WARNINGS 

Immune Globulin Intravenous (Human), 
GAMMAGARD should only be administered intra- 
venously. Other routes of administration have not 
been evaluated. 

Immune Globulin Intravenous (Human), 
GAMMAGARD contains very low quantities of IgA 
{not more than 10 ug/ml) and although no instances 
of anaphylaxis associated with the use of this pro- 
duct have been observed during the clinical trials, 
such reactions have been observed with other im- 
munoglobulin products.5.6 Immune Globulin 
Intravenous (Human), GAMMAGARD should be given 
with caution to patients with antibodies to IgA or 
selective IgA deficiencies. 


PRECAUTIONS 


Drug Interaction 

Admixtures of Immune Globulin intravenous 
(Human), GAMMAGARD with other drugs have not 
been evaluated. It is recommended that Immune 
Globulin Intravenous (Human), GAMMAGARD be ad- 
ministered separately from other drugs or medica- 
tion which the patient may be receiving. 


Pregnancy Category C 

Animal reproduction studies have not been con- 
ducted with Immune Globulin Intravenous (Human), 
GAMMAGARD. It is also not known whether Immune 
Globulin Intravenous (Human), GAMMAGARD can 
cause fetal harm when administered to a pregnant 
woman or can affect reproduction capacity. Immune 
Globulin Intravenous (Human), GAMMAGARD should 
be given to a pregnant woman only if clearly needed. 


ADVERSE REACTIONS 

The incidence of untoward reactions to Immune 
Globulin Intravenous (Human), GAMMAGARD is low, 
although various minor reactions, such as head- 
ache, fatigue, chills, backache, lightheadedness, fever 
and nausea may occasionally occur. The incidence 
of these reactions during the clinical trials was less 
than 6%. Slowing or stopping the infusion usually 
allows the symptoms to disappear promptly. 

Immediate anaphylactic and hypersensitivity re- 
actions due to previous sensitization, although they 
have not been observed during the clinical trials, are 
a possibility. Epinephrine should be available for treat- 
ment of any acute anaphylactoid reaction. (See 
WARNINGS.) 


DOSAGE AND ADMINISTRATION 


Antibody Deficiency 

For patients with primary immunodeficiencies, 
monthly doses of at least 100 mg/kg are recom- 
mended. Initially, patients may receive 200-400 
mg/kg. As there are significant differences in the 
half-life of IgG among patients with primary im- 
munodeficiencies, the frequency and amount of im- 
munoglobulin therapy may vary from patient to 
patient. The proper amount can be determined by 


monitoring clinical response and/or the serum IgG 
levels before each dose, to insure that they do not 
drop below 500 mg/dL. 


Rate of Administration 

it is recommended that initially a rate of 05 mL/kg 
per Hr be used. If infusion at this rate causes the 
patient no distress, the administration rate may be 
gradually increased but should not exceed 4 mL/kg 
per Hr. 

A rate of administration which is too rapid may 
cause flushing and changes in pulse rate and blood 
pressure. Slowing or stopping the infusion usually 
allows the symptoms to disappear promptly. 


Administration 

Immune Globulin Intravenous (Human), 
GAMMAGARD should be administered as soon after 
reconstitution as possible. Administration should not 
begin more than 2 hours after reconstitution. 

The reconstituted material should be at room 
temperature during administration. 

Parenteral drug products should be inspected 
visually for particulate matter and discoloration prior 
to administration, whenever solution and container 
permit. 

Follow directions for use which accompany the ad- 
ministration set. if a Hyland set is not used, make 
sure the administration set contains an adequate filter. 


How Supplied 

Immune Globulin Intravenous (Human), 
GAMMAGARD is supplied in either 2.5 g or 50 g 
single use vials. Each vial of immune Globulin intra- 
venous (Human), GAMMAGARD is furnished with 
a Suitable volume of Sterile Water for Injection, USP, 
a transfer device and an administration set which 
contains an integral airway and a 15 micron filter. 
Storage 

immune Globulin intravenous (Human), 
GAMMAGARD should be stored under ordinary 
refrigeration, (2 to 8 °C, 36 to 46 °F). Freezing should 
be avoided to prevent the diluent bottle from breaking. 
REFERENCES 
1. Unpublished data in the files of Travenol Labora- 
tories, Inc. 
2. Waldmann TA, Storber W: Metabolism of 
immunoglobulins. Prog Allergy 13: 1-110, 1969 
3. Morell A, Riesen W: Structure, function and cata- 
bolism of immunoglobulins in inmunohemotherapy. 
Nydegger UE (ed), London, Academic Press, 1981, 
pp 17-26 
4. Stiehm ER: Standard and special human immune 
serum globulins as therapeutic agents. Pediatrics 
63:301-319, 1979 
5. Buckley RH: immunoglobulin replacement therapy: 
indications and contraindications for use and variable 
IgG levels achieved in Immunoglobulins: Character- 
istics and Use of Intravenous Preparations. Alving 
BM, Finlayson JS (eds), Washington, DC, U.S. De- 
partment of Health and Human Services, 1979, pp3-8 
6 Burks AW, Sampson HA, Buckley RH: Anaphylactic 
reactions following gammaglobulin administration 
in patients with hypogammagiobulinemia: detection 
of IgE antibodies to IgA. Submitted for publication. 
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HEMA- 
ACCUSTAIN PREPARATIONS MANUAL STAINER® HEMA-TEK® | HEMA-TEK® H 


WRIGHT STAIN 


WRIGHT STAIN 


PHOSPHATE SUFFER 
METHANOL 


WRIGHT STAIN 


TWO STAINS 
SINGLE RINSE 


WRIGHT STAIN 


SINGLE STAIN 
TWO RINSE 


WRIGHT STAIN 
GIEMSA STAIN 
GIEMSA STAIN 
MAY-GRONWALD 


HEMASTAINER” ts g registered trademark of Geometric Data. 


HEMA-TEX” is a registered trademark of Ames Division, Miles, ; : : : : M AKING THE vision 


P.O. BOX 14508 ; : A RE. 
ST. LOUIS, MO 63178 USA bs 
For orders in the USA/Canada y 

Call 1-800-325-3010 and outside the veusa 

JSA/Canada call 314-771-5750 collect. ace sat oath 

New Technical Service HOTLINE number watt Seras OF 
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Blenoxane Combinations 


(sterile bleomycin sulfate) 


Proven Effective in 
Non-Hodgkin's Lymphoma 


The newer Blenoxane containing combinations resulted in high 


complete response rates and extended disease-free survival!” 


Abdominal/Pelvic CT Abdominal/Pelvic CT 
February 25 August 4 





Massive retroperitoneal, No evidence of abnormal 
retrocrural, para-aortic, abdominal or pelvic adenopathy 
and probable right iliac after Blenoxane combination 
adenopathy. chemotherapy. 
















_ CHOP-Bleo | BACOP o COP-BLAM 
-L Newcomer LN, Cadman EC, 2. Schein PS, DeVita VT Jr Hubbard 3. Laurence J, Coleman M, All le 
__ Nerenberg MI, et al: Randomized S, et al: Bleomycin, Adriamycin, et al: Combination chemoth 
_ study comparing doxorubicin, cyclophosphamide, vincristine, and. nist 
yclophosphamide, vincristine, prednisone (BACOP) combination - 
iethotrexate with leucovorin _ chemotherapy in the treatment of 
scue, m, (ACOMLA) advanced diffuse histiocytic 
OSP lymphoma. Ann Intern Med 
85:417-422, 1976. 
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Blenoxane .. Integral Component 


(sterile bleomycin sulfate) 


of Chemotherapy Regimens in 
Non-Hodgkin's Lymphoma 


Since Blenoxane is virtually non-myelosuppressive, continuing 
therapy with certain Blenoxane containing chemotherapy regimens 
(e.g. BACOP) can prevent tumor regrow th between cycles of 

other chemother apy regimens while allowing for bone marrow 
recovery," 


Blenoxane can produce, w ith cumulative doses, a syndrome of pul- 
monary fibrosis. It is usually dose-related, being seen infrequently 
in patients whose total dose of Blenoxane is less than 400 units. 


Efficacy... Yesterday, Today, Tomorrow 


Blenoxane 


(sterile bleomvcin sulfate) 





Blenoxane (sterile bleomvcin sulfate) 


Brief Summary of Prescribing Information (1) 10 84 For complete prescribing informa 
tion please consult product literature 






WARNING 

itis recommended that Blenoxane* De administered under the supervision of a qualified phys! 
Gran expenenced in {he use of cancer chemotherapeutic agents. Appropriate management ot ther- 
apy and complications ts possible Only when adequata diagnostic and treatment tacilibes are 
readily available 

Pulmonary fibrosis is the most severe toxicity associated with Blenoxane The most frequent pre 
sentation is pneumonitis occasionally progressing to pulmonary fibrosis. Its occurrence is higher in 
elderly patents and in those recerving greater than 400 units total dose but pulmonary toxcity has 
been observed in young patients and those treated wth low doses 

A severe idiosyncratic reaction consisting at hypotension. mental contusion tever chilis and 
wheezing has been reported in apprommately 1% of lymphoma patients treated with Blenoxane 












INDICATIONS: Bienoxane should be considered a palliative treatment 1t has been shown to be usetul 
in the management of the following neoplasms either as a single agent or in proven combinations with 
other approved chemotherapeutic agents 

Squamous Cell Carcinoma — Head and neck mcluding mouth tongue tonsil nasopharynx 
oropharynx. sinus palate lip buccal mucosa. gingiva. epiglottis. skin larynx. penis cervix and 
vulva The response to Blenoxane is poorer in patients with head and neck cancer previously irradiated 

Lymphomas — Hodgkins reticulum cel! sarcoma lymphosarcoma 

Testicular Carcinoma — Embryonal cel! chonacarcmoma. and teratocarcinoma 


CONTRAINDICATIONS: Blenoxane is contraindicated in patients who Nave demonstrated a hypersen 
sitive or an idiosyncratic reaction to t 


WARNINGS; Patients receiving Bienoxane must be observed carefully and frequently during and atter 
therapy It should be used with extreme caution in patients with signiticant impairment of rena! function 
or compromised pulmonary tunction 

Pulmonary toxicities occur in 10% of treated patients In approximately 1%. the nonspecific pneu- 
monitis induced dy Blenoxane progresses to pulmonary fibrosis. and death Although this is age and 
dose related. the toxicity ts unpredictable Frequent roentoenograms are recommended 

Idiosyncratic reactions similar to anaphylaxis have baen reported in 1% of lymphoma patients treated 
with Bienoxane Since these usually occur atter the first or second dose. careful monitoring is essential 
after these doses 

Rena! or hepatic tomcity. beginning as a deterioration in renal or liver function tests. have been 
reported. mtrequently These toxicities may occur however at any time atter imtiaton of therapy 

Usage in Pregnancy Sate use of Blenoxane in pregnant women has not been established 


ADVERSE REACTIONS: Pulmonary — This is potentially the most serious side effect. occurring in ap 
Drommately 10%» of treated patients The most frequent presentation is pneumonitis occasionally pro 
gressing to pulmonary fibrosis Approximately 1°. of patients treated have died of pulmonary fibrosis 
Pulmonary toxicity ıs both dose and age-related being more common in patients over 70 years of age 
and in those receiving ver 400 units total dose This toxicity. however. is unpredictable and has been 
Seen occasionally in young patients recerving low doses 

Because o! lack of specificity of the clinical syndrome. the identification ot patents with pulmonary 
foxicity due to Blenoxane has been extremely difficult The earliest symptom associated with Blenoxane 
pulmonary toxicity is dyspnea The earhest sign is fine rales 

Radiographically, Blenoxane-induced pneumonitis produces nonspecitic patchy opacities. usually ot 
lower lung fields The most common changes in pulmonary tunction tests are a decrease in total jung 
volume and a decrease in vital capacity However these changes are not predictive of the development of 
pulmonary fibrosis 

The microscopic tissue changes due to Blenoxane toxicity include bronchiolar squamous metaplasia 
reactive macrophages. atypical alveolar epithelial cells. fibrinous edema. and interstitial fibrosis The 
acute stage may involve capillary changes and subsequent fibrinous exudation into alveoli producing a 
Change similar to hyaline membrane formation and progressing to a diffuse interstitial fibrosis resem 
bling the Hamman-Rich syndrome These microscopic findings are nonspecific. e.g simular changes 
are Seen in radiation pneumonitis. pneumocystic pneumonitis 

To monitor the onset of pulmonary toxicity. roentgenograms of the chest should be taken every 1 to 2 
weeks If pulmonary changes are noted. treatment should be discontinued until it can be determined if 
they are drug related Recent studies have suggested that sequential measurement ot the pulmonary 
diftusion capacity for carbon monoxide (DL...) during treatment with Blenoxane may be an indicator ot 
Subclinical pulmonary toxicity It is recommended that the DL.,, be monitored monthly t it is to be em 
ployed to detect pulmonary toxicities. and thus the drug should be discontinued when the DL, talis 
below 30 to 35°% of the pretreatment value 

Because of bleomycin’s sensitization of lung tissue patients who have received bleomycin are at 
greater risk of developing pulmonary toxicity when oxygen is administered at surgery While long ex 
posure to very high oxygen Concentrations is a known cause of lung damage. after bleomycin admin 
istration lung damage can occur at lower concenttatiors than usually would be considered sate 
Suggested preventive measures are 
(1) Maintain FI Os at concentrations approximately that of room ait (25% during Surgery and the post 

Operative penod 
(2) Monitor caretully fluid replacement focusing more on colloid administration rather than crystalloid 

Idiosyncratic Reactions — In approximately 1% of tre lymphoma patients treated with Bienoxane an 
idiosyncratic reaction, similar to anaphyiaxis Clinically has been reported The reaction may be immedi 
ate or delayed for several hours. and usually occurs after the first or second dose It consists of hypo 
tension. mental contusion. tever. chilis. and wheezing Treatment is symptomatic including volume 
expansion pressor agents. antihistamines. and corticosteroids 

integument and Mucous Membranes — These are the most frequent side effects being reported in 
approximately 50% of treated patients These consist ol erythema rash. striae. vesiculation. hyperpig 
mentation. and tenderness of the skin. Hyperkeratosis nail changes alopecia. pruritus. and stomatitis 
have also Deen reported It was necessary to discontinue Blenoxane therapy in 2%, of treated pahents 
because of these toxicities 

Shin toxicity is a relatively tate manifestation usually developing in the 2nd and 3rd week of treatment 
after 150 to 200 units of Blenoxane have been administered and appears to De related to the cumulative 
dose 

Other — Fever chills and vomiting were frequently reported side effects Anorexia and weight loss 
are common and may persist long after termination of the medication Pain at tumor site phlebitis and 
other loca! reactions were reported infrequently 

There are isolated reports of Raynaud s phenomenon OCCuUrrINg in patients with testicular carcinomas 
treated with a combination of Bienoxane and Velban* Itis currently unknown if the cause for the 
Raynaud $ phenomenon in these cases is the disease Slenoxane Velban or a combination of any or 
all of these 


SUPPLY: Each via! contains 15 units of Blenoxane Mead {dition 


as Sterile bleomycin sulfate NDC 0015-3010-20 ONCOLOGY PRODUCTS 
Binstol-Myers Oncology Orson 
UA-154-1 Syracuse NY 13221 186 

















If you could look into 
the eyes of generations 
yet to come, you would be 
there. You can make a 
difference. 





ful way of living foreve 
yourself. 


AMERICAN CANCER SOCIETY ` 


For more information, call your 
local ACS unit or wnte to the 
American Cancer Society. 

4 West 35th St., New York. NY 10001. 
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* COULTER 
HAS THE SOLUTIO 


Coulter Immunology can help you solve the puzzle. With the broadest line of monoclonal a 
bodies, Coulter Immunology provides the tools to solve the puzzle of immune-relat 
disorders. We bring you vital pieces like 2H4 and 4B4, for which there are no equi 
lents. The inducer of help (T4+4B4+ ) and inducer of suppression (14+2H4 
are functionally unique subsets of the T4 helper cells. These are available 
fluorescein and phycoerythrin derivative conjugates for multiple co 
analysis. Ask us for references on these unique antibodies that 2 
being used to characterize disease states, such as SLE, M 
rheumatoid arthritis, and AIDS. Our broad line includes mo 
clonals for both Tand B lymphocytes, monocytes, natural killer cel 
specific activation markers, isotypic controls, and support produ 
We have the pieces you're looking for today. Look for our new COULTI 
CLONE® monoclonal antibodies to B cell activation antigens coming soa 


To order, call 1-800-327-3778 or 1-800-432-6518, Ext. 6880 from Florid 


©1986 COULTER CORPORATIG 
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GRUNE & STRATTON, INC. 


A uniquely valuable contribution to the field of transplantation medicine! 


TRANSPLANTATION TODAY, 
VOLUME IX 


Pekka Hayry, M.D., Saija Koskimies, and Felix T. Rapaport, M.D. 

This volume is the ninth in a series of biennial in-depth reviews of world transplantation and has become a 
Classic in its field today. 

Transplantation Today, Volume IX, provides a global overview of all that transplantation has to offer 
patients suffering from end-stage disease of vital organs. A full compendium of the new areas of research that 
have developed in the field is provided. The applications of new discoveries to clinical medicine are outlined in 
detail, including full representation by all of major research and clinical transplantation facilities throughout the 
world. 

Comprised of over 1,000 contributions from physicians and scientists representing 47 different nations, this 
volume is the unique authoritative compendium for world transplantation. Special chapters are devoted to cel- 
lular and molecular mechanisms in transplant rejection, histocompatibility, experimental transplantation, im- 
munosuppression and clinical transplantation of kidney, heart, lung, liver, pancreas, bone marrow and other or- 
gans. 

Transplantation Today, Volume IX, offers the most informative and authoritative view of this field to date. It 
will be a valuable reference for nephrologists, cardiologists, hepatologists, metabolic disease experts, diabetes 
experts, endocrinologists, immunologists, internists, and experts in infectious diseases. 


PARTIAL CONTENTS: The State of the Art of Transplantation. Also available! A valuable compendium on 
Cellular and Molecular Mechanisms. Clinical Transplantation. present day knowleage of the 
Current Controversies in Transplantation. Progress in Transplan- | Pharmacological Aspects of Cyclosporine! 
tation. Immunobiology. Regulation of Antigen Expression. Im- CYCLOSPORINE: 
munogenics and Histocompatibility. HLA Matching and PHARMACOLOGICAL 
Transplant Survival. Experimental Transplantation. Experimental ASPECTS 
Transplantation of Islets and Endocrine Tissue. Clinical ER 
Transplantation: Kidney. Living Donors. Clinical Transplantation: Barry D kaan z D.. Ph.D 
Other Organs. Pancreas and Islet Cell Transplantation. Bone y 1986, 272 pp. $68.95 
Marrow Transplantation. Clinical Bone Marrow Transplantation. ISBN: 0-8089-1856-7, Order Code: 792226 
Transplantation Today and Tomorrow. 

1987, 3,000 pp., Three volume set (not sold separately) $298.00 


ISBN: 0-8089-1855-9, Order Code: 791951 
G&S) GRUNE & STRATTON, INC. Harcourt Brace Jovanovich, Publishers 
Attn: Promotion Dept., Orlando, FL, 32887-0430, U.S.A. 69057 


Please enter the following order: 
ORDER CODE AUTHOR/TITLE/VOLUME NO. 
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or fastest service with credit card orders 
CALL TOLL FREE 


BOOKS: 1-800-468-8671 | | Transm mmia Taaa SAVE: Ray ote yt cnt cd 


Monday-Friday between 8:30 a.m. and 5:00 not possible within 120 days. 

dite . 4 in U.S. j h hout notice. : 
p.m. Within Florida Call 1-305-345-4212. Prices are in U.S. dollars and are subject to change without notice. Please check one box 
Seemee [ Payment Enciosed 


JOURNALS: 1-800-654-2452 oe (Please print ~~ aad applicable sales tax 
Monday-Friday between 8:00 a.m. and 4:30 Specialty LJ American Express [C] Diners Club 
p.m. central time. Address mae C MasterCard C] visa [I Bit Me 
To check on an order already placed, or to City/State/Zip Charge Card # 

inquire about our publications, please phone 
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Now You CAN 
STORE LEUKOPOOR RED CELLS 





Wiru THE CUTTER 
LEUKOTRAP" RED CELL STORAGE SYSTEM. 


SIMPLE, RELIABLI 
PROCEDURE 
The Leukotrap System provides 
consistent results with only 
minimal technician time and 
a standard centrifuge 
Provide a better red cell 
product with the Leukotrap 


Now you can cost-effectively 
produce and store high-quality 
leukopoor red cells for 42 days 
[he Leukotrap closed system 
efficiently removes leukocytes 
from fresh red cells, then 
maintains red cell viability for 
42 days in the Nutricel” AS-3 





additive solution ae Storage System...another Compo- 
Sens eal Re aba nent Enhancement Product, only 
MOST EFFICIENT removal filter from Cutter 
CLOSED SYSTEM METHOD For more information, contact 
The Leukotrap Storage System removes your Cutter Biological Representative ot 
914% of leukocytes and 80% of platelets, call our Professional Services Dept. at 
while recovering 90% of the red cells. (800) 527-7200; in CA (800) 527-7222 


HTLV-II 
HB: 

Anti- 
Anti-CMV 
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MEET YOUR NEWEST BLOOD BANKER. 


THE OLYMPUS PK7100 FULLY AUTOMATED PRETRANSFUSION BLOOD TESTING SYSTEM 





vday. with the increaseg demana ir the terrace r extremely a irate 
blood tes ting for transtusion purposes ‘automated readings. the terraced plate 
blood bankers suddenly need new helr 1esian provides more stable aagiutinatio 
The Olympus PK7100 1on-aqolutination er 
is the solution. It y il confirt n 
automatically performs nd PK710¢ ked 
simultaneous routine with O ji F: f 
blood typir na [ i ké i } € 


field servi 
Other PK7100 featured’ include: 


e Full data processing capability 


and RH), freeing 
experier ced blo od 


bankers to perfor 





additional tests for tl Convenient computerized 
increased incidenc data storage; Video monitor 
of infectious agent High speed printer @ 
(Hepatitis, HTLV-II interface; Triple-check syster 
etc.) f bar code labels. ¢ Micro yf jes (10 
The PK7100 analyzes up to 240 samples pre ision di pensing of serum, blood cells 
hour, and features the revolutionary and pa jiluent and reagents). ¢ Virtually no 
tented Olympus “Terraced” Microtiter Plate d soeablos! consumables. ¢ Advanced 
sduces reagent consumption and ympact design (for easy placement easy 
s morei y In place during ies ess, and eficient workstat peration 





delicate handlir g. And while the high d For further information call TOLL FREE 
crimination PK7100 takes multiple reading 800-223-0125 or 800-626-0236 (in NY). 


“OLYMPUS 


Olympus Corporation, Clinical Instruments Division 
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The first troche treatment 
for oropharyngeal 
candidiasis. 


High clinical cure* rates. 

A clinical cure rate of 96% was achieved in 
one randomized double-blind trial? in which 
MYCELEX Troche was administered to 
patients with oropharyngeal candidiasis 
Other investigators have concluded that 
MYCELEX Troche “is highly effective 


treatment for chronic oral candidiasis. ™? 


Dramatic improvement 

in symptoms. 

Patients attain a high degree of relief at the 
end of therapy, as evidenced by the dramatic 
decrease in severity of glossitis, patches, 
perleche, pain, and other clinical signs and 
symptoms of thrush.4 





Good patient acceptance, 
minimal side effects. 
With MYCELEX Troche, messy suspensions 


and lengthy swishing are things of the past 
MYCELEX Troche has a pleasant, slightly 
sweet taste. And an entire day's therapy 

5 troches—can easily be carried in pocket 
or purse. 

Based on a study of 52 episodes ot 
oropharyngeal candidiasis, the investigator 
stated: “We believe that the troche form of 
clotrimazole...in the treatment of thrush it 
any patient population... is both effective 
and sate.” 

cal cur 


"See adjacent page for summary of presc ribing information, 


including contraindications and adverse reactions 


Mycelex Troche 
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(clotrimazole) ong 
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The only troche 


for oropharyngeal 
candidiasis. 





MYCELEX? (clotrimazole) TROCHE 


Indications and Usage: Mycelex Troches are indicated 
for the local treatment of oropharyngeal candidiasis. 
The diagnosis should be confirmed by a KOH smear 
and/or culture prior to treatment. 

Contraindications: Mycelex Troches are contra- 
indicated in patients who are hypersensitive to any of 
the componenis. 

Warning: Mycelex Troches are not indicated for the 
treatment of systemic mycoses 

Precautions: Abnormal liver function tests have been 
reported in patients treated with clotrimazole traches; 
elevated SGOT levels were reported in about 15% of 
patients in the clinical trials. in most cases the eleva- 
tions were minimal and it was often impossible to 
distinguish effects of clotrimazoie from those of other 
therapy and the underlying disease (malignancy in 
most cases). Periodic assess nent of hepatic function is 
advisable particularly in patients with preexisting 
hepatic impairment 

Since patients must be instructed to allow each 
troche to dissolve slowly in the mouth in order to 
achieve maximum effect of the medication, they must 
be of such an age and physical and/or mental 
condition to comprehend such instructions. 

Carcinogenesis: An 18-month dosing study with 
clotrimazole in rats has not revealed any carcinogenic 
effect. 

Usage in Pregnancy: Pregnancy Category © 
Clotrimazole has been shown to be embryotoxic in 
rats and mice when given in doses 100 times the 
adult human dose (in mg/kg), possibly secondary to 
maternal toxicity. The drug was not teratogenic in mice, 
rabbits, and rats when giver in doses up to 200, 180, 
and 100 times the human dose. 

Clotrimazole given orally to mice from nine weeks 
before mating through weaning at a dase 120 times the 
human dose was associated with impairment of mating, 
decreased number of viable young, and decreased 
survival to weaning. No effects were observed at 60 
times the human dose, Whér the drug was given to rats 
during a similar time period at 50 times the human 
dose, there was a slight decrease in the number of pups 
per litter and decreased pup viability, 

There are no adequate and well-controlled studies in 
pregnant women. Clotrimazole troches should be used 
during pregnancy only if the ootentiai benefit justifies 
the potential risk to the fetus. 

Pediatric Use: Safety and effectiveness of clotrimazole 
in children below the age of tree years have not been 
established; therefore, its use in such patients is not 
recommended. 

Adverse Reactions: Abnormal liver function tests have 
been reported in patients treated with clotrimazole 
troches: elevated SGOT leve's were reported in about 
15% of patients in the clinica’ trials (see Precautions 
section). 

Nausea and vomiting was reported in about one in 
20 patients. 

Dosage and Administration: Mycelex Troches are 
administered only as a lozenge that must be dissolved 
slowly in the mouth. The recommended dose is one 
troche five times a day for 14 consecutive days 

Only limited data are availabie on the safety and 
effectiveness of the clotrimazole troche after prolonged 
administration; therefore, therapy should be limited to 
short-term use, if possible. 

How Supplied: Mycelex Troches—white, discoid, 
uncoated tablets are supplied in bottles of 70 and 140 
Each tablet will be identified with the following: Miles 
095. 

Store below B6°F (30°C), avoid freezing. 

References; 1. Montes LF, et al: Clotrimazole troches: a 
new therapeutic approach ts oral candidiasis. Cutis 
17:277-280, 1976. 2. Yap B-S, Bodey GP: Oropharyngeal 
candidiasis treated with a troche form of clotrimazole 
Arch Intern Med 139:656-657, 1979. 3. Kirkpatrick CH, 
Alling OW: Treatment of chronic oral candidiasis 

with clotrimazole troches: a controlled clinical trial. 

N Engi J Med 299:1201-1203, 1978. 4. Data on file, 
Miles Pharmaceuticals. 
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Miles Pharmaceuticals 


Division of Miles Laboratories, inc. 
West Haven. Connecticut 06516 USA 


© 1983 MILES PHARMACEUTICALS 
DIVISION OF MILES LABORATORIES. INC. DOM-2242 








SIX WARNING 

SIGNS OF 

KIDNEY RELATED 

DISEASES 
Burning or 
difficul 
durin 
urination 


© More 


frequent 
oberg 
particulari 
at night x 


A Passage 

„DJO of bloody- 

ÂO appearing 
OO urine 


Puffiness 
around eyes, 
swelling of 
hands and teet, 
especially in 
children 





Pain in 

small of back 
just below 

the ribs 

(not aggravated 
by movement} 


High Blood 
N Pressure 





For further information contact: 











National Kidney Foundation of New York, fac. 
432 Park Avenue South 
New York. NY 10016 
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peseverseccoecese 


The first effective treatment for certain 
AIDS and other serious HIV" infections 
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gcc ne ee ¢ 
for many AIDS/ARC patients 





A multicenter study proved... 


RETROVIR can prolong the lives of certain 
AIDS and ARC patients : 


E Ina double-blind placebo-controlied clinical trial oe 
n 281 ), only one death e 137 patie me 144 mo 
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(zidovudine) reduced the risk 
of opportunistic infections 


apy. 7 Some ARC patients a 
ions ir the follow up Pa while on 


ilit Developing Opportunistic Infection 
thin 4 Weeks 


rtunistic infections acquired within six weeks of entry 
in c tothe study) 
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WARNING: Peciapy wick 
RETROVIR® (zidovudine) is 
often associated with —_ 
hematologic toxicity Sts 
including granulocytopenia = 
aad severe Anetka TEORIAN So 
transfusions (see WARNINGS 


with zidovudine may continue 
to develop opportunistic __ 
infections (Ol's)andother 
complications of the acquired 
immunodeficiency syndrome _ 
(AIDS) and AIDS-related oe 
complex (ARC) caused by he 
human immunodeficiency _ 
virus (HIV). Therefore, = 
patients on zidovudine should : 

be under close clinical _ 
observation by physicians __ 
experienced in the treatment _ 
of patients with diseases 
associated with HIV. The safety 
and efficacy of zidovudine —__ 


have been established only 


for certain adult AIDS and 


advanced ARC patients (see | 
INDICATIONS AND USA es. 
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New hope 
for many AIDS/ARC patients 


RETROVIR improved immune status 


E T4 cell counts in the RETROVIR group ‘remained 
significantly higher than in the control | group alg M 
me study ae 
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-RETROVIR — the newest antiviral break- 
through from Burroughs Wellcome Co. — 
is the first effective treatment for 

_ certain HIV infections. 


“required for significant anemia or 
=: granulocytopenia until evidence of 

~~ bone marrow recovery is observed. © 

A reduction in daily dose may be 

adequate for less severe depression — 

of RBC/WBC counts. oe 


_ *RETROVIR dose interruption maybe — E Concomitant use of acetamino 
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New hope | 
for many AIDS/ARC patients 


Clinical studies showed... 


It is important to identify patients at greates 

risk for bone marrow toxicity, and 

subsequent RBC and WBC suppression, and 

monitor carefully Ba 

E 25% of RETROVIR patients developed anemia (< 7.5 g/dl) 
as compared to 4% in the placebo group. This adverse 
reaction was most likely to occur in AIDS patients and 
patients with lower numbers of T4 cells 

E 31% of RETROVIR patients required at least one | 
transfusion, compared with 11% of placebo patients —_ 

E Granulocyte depression (<750/mm?) was observed in _ 
39% of RETROVIR patients as compared with 9% of 
placebo patients. Granulocytopenia occurred more 
frequently in AIDS patients and patients with lower T4 cell 
counts 

Clinical adverse events _ tite 

E Although the majority of patients in both the RETROVIR 
(84% ) and control groups (72% ) reported the occurrence 
of at least one adverse event, nausea, myalgia, insomnia, 
and moderate-to-severe headache were significantly more 
frequent among RETROVIR patients 


The potential hematologic toxicity of 

RETROVIR plays an important role in 

patient management | 

E The majority of patients who required adjustment of — 
RETROVIR dosage had hematologic toxicity, specifically _ 
anemia or granulocytopenia, usually occurring within the 
first four to eight weeks of RETROVIR therapy D 

E Because of this potential, careful monitoring of ae 
hematologic indices is recommended every two weeks* — 

Drug interactions must be considered with 


RETROVIR 





of acetaminophen with RETROVIR may 
potentiate granulocytopenia; other drugs that may 
interfere with RETROVIR metabolism or excretion _ 

(eg, probenecid, lorazepam, indomethacin, cimetidine) 
should be avoided oe ee 















Since! the initial supply of RETROVIR® 


udine) is limited, a special distribution 
s in place 


: idity of development and complexity of the production 
ee process have limited the current supply of RETROVIR 


E To help ensure a continuous supply of RETROVIR for 

_ patients at greatest need and those who would benefit most 

 — from treatment during this period of limited supply, a 
‘Special distribution program has been established 


An independent group of experts from the Infectious 
Disease Society of America (IDSA) has assisted in 


developing this program for the best utilization of 
RETROVIR | 








can be cen in the RETROVIR 





rus, ‘and a 
roviding physicians with antiviral products effective 


against herpes simplex — today’s hope for patients with 
genital herpes 


: ' Pledging to keep you updated as new information 
o becomes available 





< Please see brief ‘summary of prescribing information on last page of this advertisement. 








If you have patients with 
HIV infections and need 
additional information, 
please call 


1-800-843-9388 
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RETROVIR® (ZIDOVUDINE) Capsules 


WARNING: THERAPY WITH RETROVIR (ZIDOVUDINE) IS OFTEN ASSOCIATED WITH HEMATOLOGIC TOXICITY INCLUDING GRANULOCYTOPENIA AND SEVERE ANEMIA REQUIRING TRANSFUSIONS. (SEE 
WARNINGS). i 
IN ADDITION, PATIENTS TREATED WITH ZIDOVUDINE MAY CONTINUE TO DEVELOP OPPORTUNISTIC INFECTIONS (O'S) AND OTHER COMPLICATIONS OF THE ACQUIRED IMMUNODEFICIENCY SYNDROME (AIDS) 


AIDS RELATED COMPLEX (ARC) CAUSED BY THE HUMAN IMMUNODEFICIENCY VIRUS {HIV}. THEREFORE. PATIENTS ON ZIDOVUDINE SHOULD BE UNDER CLOSE CLINICAL OBSERVATION BY PHYSICIANS 
EXPERIENCED IN THE TREATMENT oF PATIENTS WITH DISEASES ASSOCIATED WITH HIV. THE SAFETY AND EFFICACY OF ZIDOVUDINE HAVE BEEN ESTABLISHED ONLY FOR CERTAIN ADULT AIDS AND ADVANCED 
ARC PATIENTS (SEE “INDICATIONS AND USAGE’). 





INDICATIONS AND USAGE: Retrovir Capsules are indicated tor the management of certain adult patients 
with symptomatic HIV infection (AIDS and advanced ARC) who have a history of cytologically confirmed 
Pneumocystis carinii pneumonia (PCP) or an absolute CD4 (14 helper/inducer) lymphocyte count of less 
than 200/mm in the peripheral blood before therapy is begun 

This indication is based primarily on the results of a randomized, double-blind. placebo-controlled tral 
conducted at 12 medical centers in the United States in which 281 patients with AIDS or advanced ARC were 
studied for an average of four and a half months. Additional data have been collected on approximately 80% 
of these patients who have received zidovudine in an open-label extension of this trial for an average of five 
more months. 


The patient population of the controlled trial consisted of 160 AIDS patients (85 Retravir and 75 placebo) 
who had recovered from their first episode of PCP diagnosed within the previous four months, and 121 ARC 
patients (59 Retrovir and 62 placebo) with multiple signs and symptoms of HIV infection, including 
mucocutaneous candidiasis and/or unexplained weight loss (= 15 ths or > 10% of prior body weight). Ali 
patients had evidence of impaired cellular immunity with an absence of delayed cutaneous hypersensitivity 
and a decreased number of CD4 (T4) lymphacytes in the peripheral circulation. Two hundred twenty-one 
(79% of all patients) had fewer than 200 T4 celisimms at entry (95% of AIDS patients and 57% of ARC 
patients). All patients began therapy at a dose of 250 mg every 4 hours around the clock. This dosage was 
reduced or temporarily or permanently discontinued it serious marrow toxicity occurred. The trial was 
stopped because of a significant reduction in mortality before all patients had compieted the planned 24 
weeks of treatment. There were 19 deaths in the placebo group and 1 in the Retrovir group (p-< 001). All 
deaths were rently due to opportunistic infections (0i) or other complications of HIV infection 

Treatment duration ranged from 12 weeks to 26 weeks, with a mean and median duration of 17 and 18 
weeks, respectively. 

Retrovir also significantly reduced the risk of acquiring an AIDS-defining OI in patients after 6 weeks of 
treatment (p< .001). in addition. patients who received Retrovir generally did better than the placebo group 
in terms of several other measures of efficacy including performance level. neuropsychiatric function, 
maintenance of body weight andthe number and severity of symptoms associated with HIV infection, A 
modest increase in mean CD4 (T4) counts was seen in the zidovudine group but the significance of this 
finding is unclear as the CD4 (14) counts declined again in some patients. 


The most significant adverse reaction noted in the study was a depression of formed elements in the 
peripheral blood, which necessitated. dose reduction or drug discontinuation in 49 of the 144 (34%) 
patients receiving Retrovir. Ot those participants whose baseline CD4 (T4) lymphocyte counts were less 
than 200. 47% of those receiving Retrovir and 10% of those receiving placebo developed a granulocyte 
count of <750/mm3. Similarly, 45% of Retrovir recipients and only 14% of placebo recipients had a 25% or 
greater reduction in hemoglobin. (See ADVERSE REACTIONS. } 


At the conclusion of the placebo-controlied trial, 127 Retrovir recipients and 100 placebo recipients elected 
to enroll in an uncontrolled extension protocol in which all patients received Retrovir at a dose of 200 mg 
every four hours. This dose was chosen because of concern about cumulative hematologic toxicity and to 
allow for greater flexibility in dosing. Over the subsequent five months, opportunistic infections continued 
to occur and additional patients died in both groups. Sixteen patients from the original placebo cohort died 
after the conclusion of the controlled trial. Four of these 16 never received Retrovir and seven expired 
during the first month of therapy. Ten additional deaths occurred among the original Retrovir recipients. 
With respect to these data, termination of the controlled trial precludes direct comparisons of mortality and 
morbidity between the original placebo and drug recipients. Long-term follow-up of these patients. 
however, will allow for examination of the natural history of prolonged zidovudine therapy. 
CONTRAINDICATIONS: Retrovir Capsules are contraindicated for patients who have potentially ife-threat- 
ening allergic reactions to any of the components of the formulation. 


WARNINGS: Zidovudine has been carefully studied in fimited numbers of Seripusiy ill HIV-infected patients 
treated for a limited period of time. Therefore, the full safety and efficacy profile of zidovudine has not been 
completely defined. particularly in regard to prolonged use, and especially in HIV-infected individuals who 
have jess advanced disease. 


Zidovudine should be used with extreme caution in patients who have bone marrow compromise evidenced 
by granulocyte count < 1000/mm3 or hemoglobin < 9.5 g/dl. in the placebo-controlled sudy, anemia and 
granulocytopenia were the most significant adverse events ob (see ADVERSE REACTIONS). 


Significant anemia most commonly occurred atter 4 to 6 weeks of therapy and in many cases required dose 
adjustment, discontinuation of zidovudine, and/or blood transtusions. Frequent (at least every 2 weeks) 
blood counts are strongly recommended in patients ries Bright if anemia or granulocytopenia 
develops, dosage adjustments may be necessary (see DOSAGE AND ADMINISTRATION}. 


Coadministration of zidovudine with other drugs metabolized by glucuronidation should be avoided 
because the toxicity of either drug may be potentiated (see Drug Interactions under PRECAUTIONS) 
Zidovudine recipients who used acetaminophen during the controlled trial had an increased incidence of 
granuiocytopenia which appeared to be correlated with the duration of acetaminophen use 
PRECAUTIONS: 


General: Zidovudine is eliminated from the body primarily by renal excretion following metabolism in the 
liver (glucuronidation). There are currently no data available concerning the use of zidovudine in patients 
with impaired renal or hepatic function, and such patients may be at a greater risk of toxicity from 
zidovudine. 

Drug Interactions: The interaction of other drugs with zidovudine has not been studied in a systematic 
manner. Coadministration of zidovudine with drugs that are nephrotoxic, cytotoxic, or which interfere with 
RBC/WBC number or function (e.g., dapsone, pentamidine, amphotericin B, flucytosine, vincristine. 
vinblastine, adriamycin, or interferon} may increase the risk of toxicity. Limited data suggest that probene- 
Cid may inhibit glucuronidation and/or reduce renal excretion of zidovudine. in addition, other Grugs (e.g... 
acetaminophen, aspirin, or indomethacin) may competitively inhibit glucuronidation (see WARNI S}. 
Some experimental nucleoside analogues which are being evaluated in AIDS and ARC patients may affect 
RBC/WBC number or function and may increase the potential tor hematologic toxicity of zidovudine, Some 
experimental nucleoside analogues affecting DNA replication antagonize the in vitro antiviral activity of 
zidovudine against HIV and thus, concomitant use of such drugs should be avoided 

Some drugs such as trimethoprim-sulfamethoxazole. pyrimethamine. and acyclovir may be necessary for 
the management or prevention of opportunistic infections. in the controlted trial, increased toxicity was not 
detected with limited exposure to these drugs. However, there are two published reports of neurotoxicity 
(one of profound lethargy and one of seizure associated with concomitant use of zidovudine and acyclovir 
Carcinogenesis, Mutagenesis, impairment of Fertility: Long-term carcinogenicity studies of zidovudine 
in animals have not been completed. However, in an in vitro mammalian cell transformation assay. 
Zidovudine was positive at concentrations of 0.5 y.g/ml and higher. 


No evidence of mutagenicity (with or without metabolic activation) was observed in the Ames Salmonella 
Mutagenicity assay. In a mutagenicity assay conducted in L5178Y/TK +/- mouse lymphoma cells, zidovu- 
dine was weakly mutagenic in the absence of metabolic activation only at the highest concentrations tested 
{4000 and a in the presence of metabolic activation, the drug was weakly mutagenic at 
concentrations of 1000 pg/ml and higher. tn an in vitro cytogenetic study performed in cultured human 
lymphocytes, zidovudine induced dose-related structural chromosomal abnormalities at concentrations of 
pg/ml and higher. No such effects were notec at the two lowest concentrations tested, 0.3 and 1 ugm 
Pregnancy: Pregnancy Category C. An oral teralology study in pregnant rats using doses up to 20 times the 
human dose has revealed no evidence of harm to the fetus due to zidovudine. It is not known whether 


Copr. © 1987 Burroughs Wellcome Co. All rights reserved. 


zidovudine can cause fetal harm when administered to a pregnant woman or can affect reproductive | 
capacity. Zidovudine should be given to a pregnant woman only if clearly needed. 

Nursing Mothers: it is not known whether zidovudine is excreted in human milk, Because many drugs are 
excreted in human milk and because cf the potential for serious adverse reactions from zidovudine in 
nursing infants, mothers shouid be instructed to discontinue nursing if they are receiving zidovudine. 
Pediairic Use: Safety and effectiveness in children have not been established, 

ADVERSE REACTIONS: The most frequent adverse events and abnormal laboratory values reported in the 
placeto-controtied clinical trial of oral zidovudine administration in 281 patients (144 patients zidovudine; 
137 patients placebo) were granulocytopenia and anemia. The occurrence of these hematologic toxicities 
was inversely related to CD4 (T4) lymphocyte number, hemoglobin, and granulocyte count at study entry, 
and directly releated to dose and duration of therapy. The frequency of granulacytopenia and anemia 
according to the patients’ CD4 (14) levels is shown in the following table: 


Pretreatment CD4 (T4) Levels 


Zidovudine Placebo Zidovudine Placebo 
Abnormality (n= 113) (n= 105} {n = 30) {n = 30) 
Granulocytopenia 47% 10% 10% 3% 
(< 750/mm3) 
Anemia 30% 6% 3% 0% 
(Hgb <7.5 g/dl} 


Because many patients were anemic and/or. granulocytopenic before Starting therapy with zidovudine, 
pamaing the degree of change when compared to baseline, as shown in the table below, may be more 
informative. 



















Pretreatment CD4 (14) Levels 
>200/mm3 


200/mm3 Bi 
% Deci 
trom Zidovudine Placebo Zidovudine Placebo 
Abnormality Baseline {n= 143} (n= 105) {n= 30) {n= 30) 











Granulocytopenia >50% 19% 


25% 
The anemia appeared to be the result of impaired erythrocyte maturation as evidenced by increasing 

macrocytosis (MCV) while on drug. 

The 281 patients treated in this controlled trial had serious underlying disease with multiple baseline” 
symptoms and clinical abnormalities. The following table summarizes those reported clinical adverse 

events which occurred in at least 5% of all patients treated with zidovudine. Severe headache, nausea, 

insomaia and myalgia were reported at a significantly greater rate in zidovudine recipients. 
Percentage (%} of Patients with Clinical Events 


Zidovudine 






















Zidovudine 
(n= 144) 
Adverse Event % 








Averse Evert 
BODY AS A WHOLE 
Asthenia 













RESPIRATORY 
Dyspnea 


SKIN 
Rash 


SPECIAL SENSES 
Taste Perversion 


Clinica! adverse events which occurred in less than 5% of ali patients treated with zidovudine ate listed 
below. Since many of these adverse events were seen in placebo-treated patients:as well as zidovudine 
nopean. they may not be attributable to the drug. 
i a whole: body odor, chills. edama of the lip, flu syndrome, hyperalgesia, back pain, chest pain, 
pi : 
Cardiovascular: vasodilation 
Gastrointestinal: constipation, dysphagia, edema of the tongue, eructation, flatulence, bleeding gums, 
rectal hemorrhage, mouth ulcer. 
Musculoskeletal: arthraigia, muscle spasm, tremor, twitch. 
airy ome confusion, depression, emotional lability, nervousness, syncope, loss of mental 
asuity, vertigo. 
Respiratory: cough, epistaxis, pharyngitis, rhinitis, sinusitis, hoarseness. 
Skin: acne, pruritus, urticaria 
Speuial senses: amblyopia, hearing loss. photophobia. 
Urogenital: dysuria, polyuria, urinary frequency, urinary hesitancy. 
DOSAGE AND ADMINISTRATION: The recommended starting dose af Retrovir (zidovudine) is 200 mg (iwo 
100 me capsules) administered orally every four hours around the clock. 


Hematelogic toxicities appear to be related to pretreatment bone marrow reserve and to dose and duration 
of therapy. Careful monitoring of hematologic indices every two weeks is recommended to detect serious 
anemie or granulocytopenia. In patients with hematologic toxicity, reduction in hemoglobin may occur as 
early ax 2 to 4 weeks, and granulocytopenia usually occurs after 6 to 8 weeks. 

Dose Adjustment: Significant anemia (hemoglobin of <7.5 g/dL or reduction of >25% of baseline} and/or 
significant granulocytopenia (granulocyte count of <750/mm3 or reduction of >50% from baseline) may 
fequirea dose interruption until some evidence of marrow recovery is observed. For less severe anemia or 
granulocytopenia, a reduction in daily dose may be adequate. In patients who develop significant anemia, 
dose modification does not necessarily eliminate the need for transfusion. H marrow recovery occurs 
followicg dose modification, gradual increases in dose may be appropriate depending on hematologic 


indices-and patient tolerance. 




















Burroughs Wellcome Co. 
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RTV-004 


Coagulation Factor Deficient Human Plasma 


© Substrate Quality @ Fresh Frozen 
@ Stable @ Mono-Specific 


COAGULATION DEFICIENCIES AVAILABLE: 


Factor | (Afibrinogenemia) Factor IX VonWillebrand Trait 


Factor Il Factor X (Mild and Severe) 
Factor V Factor Xi Prekallikrein 
Factor Vil Factor XI Kininogen (HMW) 
Factor VIH Factor XIII Passovoy Trait 
Factor VIH inhibitor Protein C 





HEMATOLOGY PRODUCTS AVAILABLE: 


Pooled Normal Plasma Aged Serum 
Assayed Normal Plasma Adsorbed Plasma 
Platelet Free Plasma Coumadinized Plasma 


© Plasmas are fresh frozen, citrated plasmas drawn from carefully screened HUMAN donors with 
congenital coagulation factor deficiencies. 

@ Shipments are packed in dry ice and usually delivered within 24 hours. 

© Special arrangements are made to ship plasma in required volumes in vials (0.5 to 5.0 mi), in bags or 
on standing orders. 


MAXIMUM QUALITY - MINIMUM COST 
GEORGE KING BIO-MEDICAL, INC 


Toll Free 800-255-5108 In Kansas 913-469-KING 
11771 West 112th Street, Overland Park, KS 66210 


GRUNE & STRATTON, INC. 





Featuring a new editor and intern 


Progress in Hemostasis and Thrombosis, 
Volume 8, carries on the tradition established for 
the series under Dr. Theodore Spaet’s editorship, of 
publishing definitive reviews on major topics of 
current interest in the broad fields of hemostasis and 
thrombosis. 

For the first edition under his editorship, Dr. Barry 
S. Coller has selected a rich mixture of both basic 
and clinical topics written by authors with outstand- 
ing international reputations. Several chapters deal 
extensively with the new therapeutic modalities, in- 
cluding thrombolysis with tissue plasminogen ac- 
tivators, intravenous gamma-globulin, and DDAVP. 
Among the other topics covered are: the hereditary 
thrombophilias; Factor VIII; Protein Kinase C; 
Transcellular Metabolism of Eicosenoids; Porcine 
von Willebrand’s Disease; and Heparin-like 
Molecules of the Endothelium. 

Progress in Hemostasis and Thrombosis, 
Volume 8, presents hematologists, cardiologists, 
basic scientists, and other interested professionals, 
with in-depth reviews of important topics in the 
field. 

1986, 240 pp., $49.50 
ISBN: 0-8089-1836-2, Order Code: 790883 





ORDER CODE 


For fastest service with credit card orders 


PROGRESS IN 


HEMOSTASIS AND THROMBOSIS, 


VOLUME 8 


Edited by 


Barry S. Coller, M.D. 






ationally recognized contributors! 














CONTENTS: Contributors. Désiré Collen, Tissue-Type 
Plasminogen Activator (t-PA) and Single Chain Urokinase- 
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Acute Myelogenous Leukemia: Recent Advances in Therapy 


By Richard Champlin and Robert Peter Gale 


ITHIN THE LAST DECADE there has been sub- 
stantial progress in the treatment of acute 
myelogenous leukemia (AML). In this review we critically 
evaluate the role of remission induction and postremission 
chemotherapy, immunotherapy, biologic response modifiers, 
and bone marrow transplantation as well as innovative 
experimental treatments for AML. 

AML results from malignant transformation of a hemato- 
poietic progenitor cell followed by clonal proliferation and 
accumulation of the transformed cells. The pathogenesis of 
leukemia transformation is poorly defined but is likely to be a 
multistep process.'? Fundamental to the acute leukemias is 
an apparent arrest in maturation early in the myeloid 
pathway, although some circulating granulocytes and other 
mature cells may be derived from the malignant clone.?? In 
10% to 20% of patients the leukemic celis have characteris- 
tics of both myeloid and lymphoid cells. These cases have 
been termed hybrid leukemias or mixed-lineage leukemias.** 
Hybrid leukemias may be biphenotypic, if a single cell 
displays both features, or bilineal, if different cells display 
myeloid and lymphoid characteristics. Bilineal leukemias 
can be synchronous or metachronous. Varied criteria have 
been used to document lymphoid and myeloid involvement. 
Lymphoid markers include morphology, surface antigens, 
terminal deoxynucleotide transferase, cytochemistry (PAS), 
and most recently, clonal rearrangement of Ig or T cell 
receptors genes. Myeloid markers include morphology (such 
as Auer rods and primary granules), electron microscopy, 
cytochemistry (Sudan black, myeloperoxidae, or nonspecific 
esterase), and most recently, cell surface antigens. Because 


of the considerable difficulty in the accurate diagnosis of 


hybrid leukemia we recently suggested possible criteria.‘ 


Hybrid leukemias appear to be more common in AML witha 
monocytic component and in patients with specific cytoge- 
netic abnormalities, including the t(4:11) and (9:22) trans- 
locations.*® Biphenotypic leukemias may represent a malig- 
nancy of pluripotent stem cells or aberrent gene expression in 
neoplastic myeloid or lymphoid cells. 

AML is a heterogeneous disease, differing considerably 
among patients in respect to cytogenetic abnormalities,” 
cellular phenotype, ™?f and response to therapy. Acute leuke- 
mias do not usually perturb normal hematopoiesis or produce 
symptoms until a substantial burden of leukemia cells is 
present, generally 10° to 10” cells.” At that point excess 
numbers of leukemia blasts are identified in the bone mar- 
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row, and leukemia cells enter the peripheral blood and 
infiltrate other tissues. The bone marrow is usually hypercel- 
lular but may be hypocellular in 5% to 10% of cases. 
Approximately one-quarter of patients develop AML follow- 
ing a myelodysplastic or preleukemic syndrome." In these 
patients, normal hematopoiesis is suppressed by incompletely 
defined mechanisms. 

In most instances of AML, normal! progenitor cells persist 
in the bone marrow that can restore hematopoiesis after 
effective antileukemic therapy. Rarely, patients in what 
appears to be complete remission have evidence of clonal 
hematopoiesis*"’ suggesting maturation of the malignant 
clone or restoration of a preleukemic state. 

The goal of leukemia therapy is to eradicate the malignant 
cells. Treatment can be divided into several phases. The 
initial phase, termed remission induction, is designed to 
reduce the number of leukemia cells below the level of 
detection and restore normal hematopoiesis. By definition, 
no leukemia cells are detected in complete remission: how- 
ever, substantial numbers of malignant cells probably persist 
in most patients” and lead to leukemia relapse if effective 
postremission therapy is not administered. A variety of 
postremission therapies have been proposed to eradicate 
residual leukemia. Unfortunately, resistance to treatment 
commonly develops, and most patients eventually relapse 
despite continued chemotherapy. 

Bone marrow transplantation is increasingly used to treat 
patients with acute leukemia.” ”* The major dose-limiting 
toxicity of many antileukemic drugs and radiation is bone 
marrow suppression. Doses of these agents can be substan- 
tially escalated if treatment is followed by bone marrow 
transplantation to restore hematopoiesis. Allogeneic bone 
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marrow transplantation may also confer an immunologically 
mediated graft-v-leukemia effect.” Bone marrow trans- 
plantation has primarily been used as a form of consolidation 
treatment for patients in remission or to induce remission in 
patients with relapsed or resistant leukemia. Bone marrow 
transplantation may also be useful as initial therapy for 
selected patients with preleukemia or high-risk forms of 
acute leukemia unlikely to achieve remission with conven- 
tional therapy. ”” 

Although the focus of this review is on therapy for AML, it 
is also important to use this data to analyze critically the 
conduct of clinical investigations in this field. The literature 
describing the treatment of leukemia is complex and dificult 
to interpret. Many contradictory studies have been reported. 
Most studies reporting the highest rates for remission induc- 
tion or long-term survival involve selected patients and lack 
randomized or concurrent controls. Many exclude high-risk 
subgroups such as the elderly or patients with acute leukemia 
after a preleukemic syndrome.” In other studies such as 
those involving intensive postremission chemotherapy or 
bone marrow transplantation for patients in first remission, 
treatment results are distorted by selection in favor of 
patients in good overall condition and in remission for several 
months, with the exclusion of patients who relapse rapidly or 
have persistent infections or other medical complications. 
One frequent problem in the interpretation of therapeutic 
data in acute leukemia relates to the uncertainty in accepting 
the results of small, uncontrolled trials with inadequate 
follow-up. Preliminary results of studies suggesting a thera- 
peutic advance are more likely to be prominently published 
than negative findings that may not be reported. Results 
published from single-institution studies generally exceed 
those reported by large cooperative groups utilizing similar 
therapies. Thus, caution is needed in the interpretation of 
uncontrolled studies, and results must be considered in 
relation to patient selection and prognostic factors.” 

Results of identical treatment protocols may vary substan- 
tially between centers or over time. For example, the Cancer 
and Leukemia Group B utilized the same remission induc- 
tion chemotherapy in two consecutive trials; the remission 
rates differed substantially although the therapy was identi- 
cal?! Recently, patients entered into a large Medical 
Research Council trial in its second half had a significantly 
higher remission rate than individuals entered into the first 
half of the study, again despite identical treatment.” These 
results could not be accounted for on the basis of known 
prognostic factors and emphasize that variables other then 
chemotherapy can influence the outcome of drug trials in 
AML. This observation suggests strongly that therapeutic 
trials should be prospective and randomized; trials not fulfill- 
ing these criteria must be viewed cautiously. In this review 
we focus, when possible, on the results of prospective con- 
trolled trials. 


REMISSION INDUCTION CHEMOTHERAPY 


The cornerstone of remission induction chemotherapy is 
the combination of cytarabine? and an anthracycline. 
Few randomized studies comparing drug doses or different 
anthracyclines have been reported. The best results utilized 
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cytarabine, 100 to 200 mg/m?/d, by constant or intermittent 
intravenous infusion for seven days in combination with 
daunorubicin, 30 to 70 mg/m?/d, by intravenous bolus on the 
first or last three days.“ Addition of 6-thioguanine or 
other agents has not proved beneficial.“ Patients who fail to 
achieve complete remission with one or two courses of this 
induction chemotherapy have a poor prognosis; even if 
remission is ultimately achieved, it is typically brief.“ This 
conclusion may not apply for less intensive regimens; five- 
day treatment schedules have also been effective in some 
studies but generally require multiple courses of treatment to 
achieve remission." Approximately half of patients who 
fail to achieve remission have resistant residual leukemia, 
and the remaining half of patients with treatment failures die 
of infections, bleeding, or rarely, direct toxicity of the 
chemotherapy.*” 

A recent trial comparing 100 v 200 mg/m? of cytarabine 
given by continuous intravenous infusion showed no differ- 
ence in remission rates.” Daunorubucin is preferable to 
doxorubicin in induction chemotherapy, since its use is 
associated with less mucosal and gastrointestinal toxicity." 
The optimal dose of daunorubicin is uncertain. The drug is 
generally well tolerated in doses up to 60 to 75 mg/m?/d for 
three days in young patients, but the dose should probably be 
reduced in patients over 60 to 70 years of age. Except for 
patients with preexisting cardiac dysfunction, cardiotoxicity 
is unusual with cumulative daunorubicin doses <1 g/m?“ 
Combinations of cytarabine with either amsacrine®* or 
mitoxantrone® appear as effective as with daunorubicin. 
Mitoxantrone appears to produce less mucositis than anthra- 
cyclines and is better tolerated by older patients. Several 
investigational anthracyclines, including idarubicin,™ acla- 
rubicin,” and epidoxorubicin® are currently under investiga- 
tion. Some may have advantages with regard to cardiac 
toxicity, but most data suggest cross-resistance with dauno- 
rubicin. In one recent radomized trial, the combination of 
cytarabine and idarubicin produced a higher remission rate 
than cytarabine and daunorubicin.” 

Some investigators have evaluated more intensive regi- 
mens such as extending cytarabine administration to ten 
days.” Although selected patients may benefit, this approach 
results in increased toxicity and a greater rate of early death 
without a clear improvement in the remission rate or dura- 
tion. As a consequence, its routine use cannot be recom- 
ended. 

High-dose cytarabine alone, with L-asparaginase, an 
anthracycline, amsacrine, or mitoxantrone has recently been 
evaluated as remission induction therapy for patients with 
AML;*® it is not certain whether these additional drugs 
increase efficacy. In one recent study, the remission rate with 
high-dose cytarabine alone exceeded 90%. Results are 
variable; although some uncontrolled studies report rela- 
tively high remission rates, there is no convincing evidence 
that survival is improved compared with that achieved with 
standard-dose cytarabine with daunorubicin. In addition, 
because of the cumulative toxicity of high-dose cytarabine, 
its inclusion for inducttion chemotherapy may limit its use 
during postremission treatment. 

Several patient groups pose particular problems in remis- 
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sion induction treatment. Patients greater than 60 years of 
age generally have lower remission rates.2!2°°354 This 
appears to be primarily due to a greater risk of early death 
from infection or toxicity, but disease-related factors may 
also be important. Elderly patients have a higher incidence of 
preleukemic syndromes and are more likely to have cytoge- 
netic abnormalities associated with a poor prognosis. In two 
randomized studies, elderly patients receiving attenuated 
doses of cytarabine and daunorubicin had better results than 
with full-dose regimens.” 

Patients in whom AML develops after a preleukemic or 
myeloproliferative syndrome™® or after exposure to cyto- 
toxic chemotherapy and/or radiation given for other malig- 
nancies (therapy-linked AML)® have only a 20% to 40% 
likelihood of achieving remission with standard induction 
chemotherapy. Other patients, usually elderly, present with 
slowly progessive or “smoldering” acute leukemia; they also 
have a lower remission rate with intensive therapy.” Low- 
dose cytarabine, 10 to 20 mg/m’/d, has been used to treat 
elderly patients and patients with poor-risk categories of 
acute leukemia,’ durable remissions are unusual, and most 
patients require at least 3 weeks of treatment, which typi- 
cally results in bone marrow aplasia. There are no convincing 
data that low-dose cytarabine is as effective as conventional- 
dose induction chemotherapy for these high-risk patients, 
and its use is not recommended if the objective of therapy is 
to achieve a remission. High-dose cytarabine has also been 
evaluated in patients with therapy-linked AML” or other 
poor prognostic subgroups. Although preliminary encourag- 
ing results wre reported, there is no clear evidence that this 
approach is superior to other induction regimens. 

The management of patients who develop acute leukemia 
during pregnancy poses special problems. The potential 
teratogenicity of chemotherapy is of concern during the first 
trimester; the incidence of fetal malformations does not 
appear to be increased with chemotherapy given after this 
time. *” Bleeding is an additional problem, particularly 
during labor, since chemotherapy produces thrombocyto- 
penia in the fetus as well as the mother. It is often appropri- 
ate to delay chemotherapy treatment in patients presenting 
in the third trimester until after delivery. Leukopheresis may 
be useful as a temporary measure.” 


POSTREMISSION CHEMOTHERAPY 


Further cytoreduction is probably required in patients who 
achieve remission to eradicate residual leukemia cells and 
prevent relapse. Several terms have been utilized to describe 
forms of postremission chemotherapy. Unfortunately, these 
terms are poorly defined, and their use has not been uniform. 
Consolidation or early intensification refers to one or more 
courses of therapy administered soon after achieving remis- 
sion that produces severe myelosuppression. Late intensifica- 
tion involves one or more courses of similarly intensive 
chemotherapy but given after a delay of 6 to 12 months. 
Maintenance chemotherapy is generally conceived of as 
frequent courses resulting in less severe myelosuppression 
given over several months or years. The efficacy of these 
therapies in prolonging remission duration and in preventing 
relapse is controversial.?**? 
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The median duration of remission and proportion of 
long-term survivors after modern remission induction 
chemotherapy alone is largely unknown, since almost all 
contemporary studies have utilized some form of postremis- 
sion therapy. In one study patients induced into remission 
with cytarabine and daunorubicin received no further thera- 
py. The median remission duration in 19 patients was 8 
months; 12% remain disease free beyond 5 years.” In a 
subsequent trial, a single postremission cycle reportedly 
increased the median remission duration to 30 months: this 
study was not randomized, and it is difficult to draw mean- 
ingful conclusions. Preliminary results were recently 
reported from an Eastern Cooperative Oncology Group 
study that randomized patients entering remission to no 
further therapy, standard maintenance, or high-dose inten- 
sive consolidation.** The no-therapy arm was terminated 
because of rapid leukemia relapses and a median remission 
duration of only 4 months; this was significantly inferior to 
the maintenance therapy group. The consolidation chemo- 
therapy group was not analyzed. These studies demonstrate 
that some form of postremission therapy is indicated to 
prolong remission duration. 

Studies reporting the longest remission durations have 
utilized two or more courses of consolidation/ intensification 
chemotherapy; the median remission duration has 
generally ranged from | to 2 years with 5-year disease-free 
survival rates of 10% to 25% in adults and up to 45% in 
children. ®® Most studies involve two to four courses of 
intensive consolidation therapy using similar agents for 
induction. Several recent studies using high-dose cytarabine 
alone or with an anthracycline as consolidation have pro- 
duced encouraging results with approximately 40% 3- to 
5-year leukemia-free survival rates.°°"? These preliminary 
results require confirmation, Several randomized controlled 
studies of consolidation chemotherapy have been re- 
ported. These studies show a trend toward improved 
disease-free survival, but this has not been statistically 
significant in most instances. 

Maintenance chemotherapy in AML has generally uti- 
lized repeated short courses of intravenous or subcutaneous 
cytarabine with thioguanine or daunorubicin given monthly 
for 2 to 3 years. Numerous controlled and uncontrolled trials 
with few exceptions have failed to demonstrate a substantial 
benefit in patients receiving maintenance therapy compared 
with those receiving induction and consolidation 
alone. 45469719! A recent multicenter German study 
reported superior results with maintenance therapy, but this 
was probably due to unexpectedly poor results among con- 
trols." These data are similar to results for treatment of 
most other human cancers where maintenance chemother- 
apy generally does not prolong survival. Maintenance 
chemotherapy should not be routinely utilized in the treat- 
ment of AML in patients receiving intensive induction and 
consolidation chemotherapy. 

Late intensification chemotherapy has also been reported 
to improve the remission duration in uncontrolled stud- 
ies. Children receiving protracted regimens involving 
repeated cycles of intensive chemotherapy have had favor- 
able results in some“! but not all studies. Adults generally 
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do not tolerate these regimens as well and have not appeared 
to benefit beyond results achieved with initial consolidation 
alone. Results of recent randomized trials did, however. 
indicate superior remission duration in adults receiving late 
intensification chemotherapy | year after achieving com- 
plete remission, although this did not reach statistical signifi- 
cance.” There is considera dle controversy regarding the total 
length of treatment and the value of late intensification for 
patients with acute myelogenous leukemia. 


DIFFERENTIATING AGENTS 


An innovative potential approach to the treatment of 
leukemia is to induce maturation of leukemic blasts to 
terminal, nonproliferative cells.'* Several agents can induce 
leukemia cells to differentiate in vitro, including phorbol 
esters, dimethylsulfoxide, and retinoids.' Retinoic acid has 
been studied clinically in patients with smouldering leukemia 
or preleukemia, but with rare exceptions, it has not been 
beneficial in these settings or in typical AML% Low 
doses of many chemotherapy drugs are weak inducers of 
cellular differentiation. Low-dose cytarabine has been pro- 
posed to act by this mechanism,” but in most patients, it 
appears to act through cytotoxicity to produce a hypocellular 
bone marrow after 2 to 3 weeks of treatment. >” 


IMMUNOTHERAPY AND BIOLOGIC RESPONSE MODIFIERS 


There have been extensive attempts to utilize immunologic 
agents to treat AML. Initial studies utilized adjuvants and 
nonspecific agents such as bacillus Calmette-Guerin, 107010 
Cornybacterium parvum,” or other agents alone or in combi- 
nation with irradiated or chemically modified autologous or 
allogeneic leukemia cells in an attempt to enhance antileu- 
kemic immunity. This form of immunotherapy alone or with 
maintenance chemotherapy has generally failed to prolong 
the remission duration. ? tt? 

Human leukocyte interferon and recombinant a-inter- 
feron have also been evaluated but have not shown activity.” 
Intravenous monoclonal antibodies reactive with AML cells 
have also been studied; transient reduction in circulating 
blasts may occur, but there is little effect on the bone 
marrow, and complete remissions have not been reported." 
Preliminary trials with tumor necrosis factor and with com- 
binations of interferons are in progress. 


TREATMENT OF THE CENTRAL NERVOUS SYSTEM 


CNS involvement in AML is generally due to infiltration 
of leukemia cells into the meninges. CNS leukemia is 
uncommon at diagnosis. LItimately, 5% to 10% of patients 
will have meningeal involvement, usually in the setting of 
bone marrow relapse.**''*"'” Because of this, prophylactic 
therapy to the CNS is generally not indicated. CNS relapse 
occurs most frequently in patients with myelomonocytic or 
monocytic subtypes; some centers recommend prophylactic 
local treatment in children with these subtypes." Treatment 
of documented CNS relapse usually uses intrathecal cytara- 
bine and/or methotrexate alone or combined with cranial 
radiation. Although this approach can provide local control, 
leukemia is likely to recur. more typically, systemic relapses 
intervene. 
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PROGNOSTIC FACTORS IN AML 


Numerous studies have attempted to define clinical fac- 
tors predictive of either remission induction’ or dura- 
tion? Potential factors involve patient- and disease- 
related variables. The primary patient-related factor is 
age.?4!3?-264 Elderly patients generally have lower remission 
rates, but in those achieving remission, its duration is not 
substantially different than that in young adults.°"*!? Dis- 
ease-rekated factors include histologic subtype,'?''” presence 
of a preleukemic syndrome,’ and evidence of extramedul- 
lary disease. Cytogenetic abnormalities may be fundamental 
to the pathogenesis of acute leukemia and also provide 
independent prognostic information.” Characteristic chro- 
mosome abnormalities correlate with histologic subtypes as 
summarized in Table 1. Patients with ¢(8:21), t(18:17) and 
inversions or translocations of chromosome 16 have a rela- 
tively good prognosis, whereas those with -5/Sq-, -7/7q-. 
(4:11). (6:9), (9:22) tend to have a poor outcome. 

The French-American-British (FAB) histologic subtype 
classification is of limited prognostic significance.!"'” The 
promyelocytic (M,) subtype is associated with a coagulopa- 
thy due to disseminated intravascular coagulation and often 
excessive fibrinolysis that may lead to bleeding complications 
during induction chemotherapy.'?*'”’ Prophylactic heparin is 
widely used to suppress intravascular coagulation; although 
no prospective randomized trials have been performed, 
uncontrolled trials suggest that heparin reduces bleeding 
complications. >+ Release of proteases from leukemic 
promyelocytes may inactivate fibrinolytic inhibitors such as 
a-2-plasmin inhibitor and lead to excessive fibrinolysis. 
Treatment with the combination of e-aminocaproic acid and 
heparin may be effective to prevent bleeding in patients with 
acute promyelocytic leukemia and reduce the levels of a- 
2-plasmin inhibitor.'”’ Patients with promyelocytic leukemia 
who achieve remission may have a longer remission duration 
and a longer survival time than patients in other subgroups, 
but this is controversial. >? Patients with Auer rods (M, or 
M, subtype) tend to have a better prognosis than those with 
myelomonocytic, monocytic, or erythroid subtypes, 9192 
Acute megakaryocytic leukemia, recently defined as the 


Table 1. Correlation of Chromosome Abnormalities With 
Histologic Subtypes 








Chromosome Relative 
Abnormality Histologic Subtype Prognosis 
(8:21) M; Good 
t{15;17} M; Good* 
(9:11) or 11q~ Ma Ms Poor 
inv or cel (16) Ma. Ms Geod 
t{6:9) Ma M, = 
+8 M,. Mz, Mg, My, Mg ~_ 
5,5a-,-7,7q- Treatment induced or Poor 
evolving from pre- 
leukemic syndrome 
(9:22!-Ph' Ma, My, My, Mg, Mg Poor 
Hast Hybrid: M; Poor 
Aneuptoid or pleomorphic Meo Ma My. My, Mg Poor 





*Assosiated with disseminated intravascular coagulation during 
remission induction; may have longer duration of remission. 


TREATMENT OF AML 


FAB M; variant," may have a relatively poor prognosis." 
Parameters related to the mass of leukemia cells such as 
WBC and lactic dehydrogenase, the mitotic or labeling 
index, abnormalities in myeloid colony formation, and 
response to chemotherapy in clonogenic assays in vitro have 
been predictive in some but not all reports and are of limited 
clinical utility. 0 

The clinical signficance of the hybrid leukemias with both 
myeloid and lymphoid characteristics is unknown.** Present 
data suggest that these individuals, particularly those with 
the t(4;11) or t(9;22) translocation, are less responsive to 
chemotherapy and have a lower probability of long-term 
disease-free survival. Prospective trials are needed to confirm 
this impression. In the interim, most centers treat these 
individuals with intensive chemotherapy, and CNS prophy- 
laxis is sometimes given. It has also been recommended that 
these individuals might be candidates for bone marrow 
transplantation. Trials comparing chemotherapy or trans- 
plantation in this setting have not been reported. 

Several investigators have used combinations of these 
factors to formulate a prognostic index with the goal of 
identifying good- and poor-risk prognostic groups and to 
define patients who should receive experimental therapies or 
bone marrow transplantation. Although these indexes can 
distinguish some prognostic groups, it is currently impossible 
to reliably identify patients who have more than a 50% 
chance of prolonged survival with chemotherapy. These 
indexes should probably not be used to assign treatment 
except in the context of controlled trials. 


TREATMENT OF RELAPSED AML 


Despite optimal initial therapy, a substantial proportion of 
patients ultimately relapse. The chance of achieving a second 
remission depends on the nature of prior treatment, the 
length of the first remission, and the initial response to 
therapy. Twenty-five percent to 50% of patients will achieve 
a second remission after treatment with cytarabine and 
daunorubicin, amsacrine, or mitoxantrone.**“* Extensively 
treated patients are less likely to respond. The median 
duration of second remissions is usually less than 6 months, 
and there is no evidence that additional chemotherapy is 
effective in prolonging the duration of remission. 

High-dose cytarabine alone’! or in combination with 
L-asparaginase,” an anthracycline, amsacrine’” or mitox- 
antrone’”’ may increase the remission reinduction rate to 
50% to 70%. The optimal dose and schedule of high-dose 
cytarabine are uncertain.'*' Doses of 3 g/m? over one to three 
hours every 12 hours for four to six days-have been commonly 
utilized, but comparable results have been reported in some 
studies using lower doses. '” Higher doses result in greater 
toxicity. The risk of irreversible cerebellar dysfunction 
increases with the dose and duration of therapy.’ 

Other single agents have limited activity in recurrent 
AML. Amsacrine,*'* 5-azacytidine,"** mitoxantrone,**'* 
homoharringtonine,'*’ diaziquone,'* cyclocytidine.'” etopo- 
side,’ experimental anthracycline analogues,**** or combi- 
nations of those agents'*''*? produce transient remissions in 
less than 30% of patients. Two promising regimens appear to 


be mitoxantrone with cytarabine’ or with etoposide. '® 
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BONE MARROW TRANSPLANTATION 


High-dose chemotherapy and radiation combined with 
bone marrow transplantation from an HLA-identical sibling 
is an effective treatment for AML and is the preferred 
therapy in selected patients.”"™ Results are primarily related 
to the disease status at the time of transplantation; these data 
are reviewed in Table 2. Initial transplant studies involved 
patients with advanced resistant disease who failed to 
respond to standard and investigational chemotherapy. Ten 
percent to 20% long-term disease-free survival rates were 
achieved even in this unfavorable setting. Major causes of 
treatment failure were leukemia relapse and transplant- 
related complications such as toxicity, graft-v-host disease, 
interstitial pneumonitis, and opportunistic infections. 
Improved results have been reported in patients who received 
transplants earlier in the course of their disease. Approxi- 
mately 30% achieve prolonged survival if transplants are 
performed at the time of initial relapse or in a second 
remission; there appears to be no advantage in administering 
further chemotherapy or attempting to achieve a second 
remission before bone marrow transplantation.’ 

The best results of bone marrow transplantation in AML. 
have been achieved in patients who received transplants 
while in first remission; actuarial relapse rates vary 
from 0% te 40%, and 40% to 70% of patients achieve 
prolonged, disease-free survival. Outcome is related to 
patient age in most studies,“ with 50% to 70% survival 
rates in patients under the age of 30 and 30% to 45 
rates for patients 30 to 50 years of age. Patients over 50 years 
of age are not routinely considered for bone marrow trans- 
plantation.’ 

Most centers utilize a pretransplant preparative regimen 
of high-dose cyclophosphamide and total body radiation. 
Some centers have evaluated alternative preparative treat- 
ments with the goal of reducing the risk of relapse. The 
regimen of busulfan and cyclophosphamide’ or combining 
high-dose cytarabine’! or etoposide!’ with total body 
radiation may provide more effective antileukemic therapy, 
but the overall survival is similar to other regimens. Con- 
trolled trials comparing these regimens have not been 
reported. 

It is important to understand the mechanism of relapse 
after bone marrow transplantation. The vast majority of 
patients who relapse have recurrence in recipient cells, which 
indicates an inadequate antileukemic effect, In rare patients, 
particularly those relapsing several years posttransplant, 
leukemia recurrence has been reported in donor cells.“ 





survival 


Table 2. Comparison of Disease-Free Survival Reported for Bone 








BMT Chemotherapy 
Refractory relapse 10 (8 
Initial relapse 20-30 5 
Second remission 20-50 5 
First remission 
Age <30 yr 50-70 20-50 
Age 30-50 yr 30-45 10-45 





Values approximate actuarial survival = 3 years. 
Abbreviation: BMT, bone marrow transplantation. 
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These data suggest reinduction of leukemia: alternative 
explanations are also possible, including transfection of 
oncogenic DNA or, in the case of sex-mismatched trans- 
plants, exchange of X and Y chromosomes between a resid- 
ual host leukemia cell and a donor cell. 

There is considerable controversy whether patients with 
AML in first remission who have an HLA-identical sibling 
should receive a bone marrow transplant at that time or 
whether the transplant should be delayed until relapse or a 
second remission. In patients <30 years of age, results of 
bone marrow transplantation are equivalent or superior to 
those achieved with chemotherapy, and its use is reasonable. 
Representative results for adults are illustrated in Fig 1. 
Three controlled studies have been reported in adults”! '®; 
in each study there was a significantly lower rate of leukemia 
relapse with bone marrow transplantation. The overall sur- 
vival was higher with transplantation in each study, but the 
difference was significant in only one” because of a higher 
rate of treatment-related complications with bone marrow 
transplantation such as graft-y-host disease and interstitial 
pneumonia. When one also considers that 20% to 30% of 
patients who relapse after postremission chemotherapy can 
be salvaged by bone marrow transplantation, it remains 
uncertain whether early bone marrow transplantation is 
warranted in adults in first remission (Fig 2). This question 
requires examination in a prospective controlled study. Based 
upon current data, the routine use of bone marrow transplan- 
tation cannot be recommended for patients in first remission 
who are older than 30. Some investigators have suggested the 
use of prognostic factors to identify individuals most likely to 
benefit from transplant v chemotherapy. For example, 
patients with the monocytic subtype or with a high initial 
leukocyte count have poor results with chemotherapy. Unfor- 
tunately, these biologic factors also predict an unfavorable 
outcome with bone marrow transplantation.’ 

Advances in bone marrow transplantation may alter these 
conclusions in the future. The use of cytomegalovirus-sero- 
negative blood donors’ and prophylactic intravenous immu- 
noglobulin'” may reduce the incidence of interstitial pneu- 
monitis. Removal of T lymphocytes from the donor bone 
marrow Can prevent graft-y-host disease; unfortunately the 
rate of graft rejection and the risk of leukemia relapse are 
increased.'”''”? These problems may potentially be overcome 
by more effective preparative regimens, but it remains to be 
determined whether T cell depletion will improve survival.” 


BONE MARROW 


CHEMOTHERAPY 





infer tion 


Fig 1. Representative results of bone marrow transplantation 
from an HLA-identical donor (data from the International Bone 
Marrow Transplant Registry) v postremission chemotherapy for 
aduit patients with AML in first remission. 
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Fig2. Representative results of bone marrow transplantation 
and post remission chemotherapy for adult patients with AML. 
The dashed line indicates projected survival for patients initially 
receiving postremission chemotherapy with bone marrow trans- 
plantation as salvage therapy at the time of relapse. Reprinted 
with permission.” 


Other methods to reduce graft-v-host disease are also prom- 
ising; posttransplant immunosuppressive treatment with the 
combination of cyclosporine and methotrexate is more effec- 
tive than either drug alone. and extended disease-free sur- 
vival has been reported in up to 70% of patients treated with 
this regimen.’ 

Most patients do not have an HLA-identical sibling. As a 
consequence there has been considerable interest in the use of 
alternative donors or sources of hematopoietic stem cells for 
transplantation. Bone marrow transplants from related, par- 
tially HLA-matched donors have been reported." Both 
the risk of graft rejection and graft-v-host disease increase 
progressively with greater genetic disparity between the 
donor and recipient. "^" Preliminary data suggest that the 
survival of patients receiving transplants from related donors 
phenotypically HLA identical or mismatched for only one 
HLA-A, -B, or -D locus antigen is similar to that with HLA 
genotypically identical grafts." Results in recipients of 
two or three locus HLA-mismatched transplants are poorer, 
particularly in adults. Some centers have attempted T cell- 
depleted transplants from HLA-haploidentical donors with 
the goal of preventing graft-v-host disease. Preliminary data 
indicate a high rate of graft rejection and graft-v-host disease 
with few survivors. "09 

Bone marrow transplants from unrelated, HLA-identica! 
donors have also been attempted.'7'8'*? The considerable 
polymorphism of HLA loci makes this approach difficult. 
Preliminary data indicate that successful transplants are 
possible, that the risks of graft rejection and graft-v-host 
disease are considerable, and that survival is <20%. A very 
large registry of potential donors is required to identify 
completely HLA-matched donors.'® Registries of this type 
exist in North America and Europe. The North American 
registries are currently being organized into a centralized 
network. We recently projected the potential impact of this 
approach in AML if this strategy were successful.!*4 


AUTOLOGOUS BONE MARROW TRANSPLANTATION 


Autologous bone marrow transplantation using bone mar- 
row cells or, more rarely, peripheral blood cells collected and 
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cryopreserved while the patient is in remission has also been 
considered in patients with AML. Ata later time, the patient 
receives high-dose chemotherapy with or without total body 
irradiation followed by reinfusion of the stored bone marrow 
cells. The major limitation of this approach is that the 
“remission” bone marrow is likely to be contaminated by 
occult leukemia cells. In addition, any graft-v-leukemia 
associated with allogeneic bone marrow transplantation 
would probably not occur with autologous transplantation. 
There has been a high rate of leukemia relapse after autolo- 
gous bone marrow transplantation in patients with advanced 
AML.'® Several approaches have been proposed to eradicate 
residual leukemia cells from autologous bone marrow, 
including treatment with monoclonal! antibodies reactive 
with leukemia cells or pharmacological agents. Unfortunate- 
ly, most antibodies reactive with myeloid leukemia cells also 
cross-react with normal hematopoietic progenitors.'*'® The 
considerable heterogeneity of leukemia cells makes it uncer- 
tain whether one antibody will react with all clonogenic 
leukemia cells. Recent data suggest that the phenotype of 
leukemia stem cells may differ considerably from their 
progeny.'* Nonetheless, a pilot study reported hematologic 
recovery and remissions of up to 21+ months in AML 
patients who received transplants in relapse or in second 
remission with autologous bone marrow treated with anti- 
AML monoclonal antibodies.” Two pharmacological agents 
related to cyclophosphamide, 4-hydroperoxycyclophospha- 
mide (4HC)'*’ and mafosfamide (ASTA-Z),'" have been 
used to eliminate leukemia cells from autologous bone mar- 
row. In one recent report’? 11 of 25 (42%) patients receiving 
autologous transplants of 4-HC-treated bone marrow while 
in second or third remission survived morethan | year free of 
relapse; these encouraging results would:nct be expected with 
alternative therapies. A number of patients with AML have 
recently received autologous bone marrow transplants using 
untreated or mafosphamide-treated bone marrow while in 


first remission'®*", unfortunately these studies were uncon- 
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trolled and involved highly selected patients so that critical 
evaluation of the results is not possible. An innovative 
method to remove leukemia cells from autologous bone 
marrow involves maintaining the bone marrow in long-term 
culture; this may allow a growth advantage for normal 
cells.'°° Further studies are required to determine whether 
this approach is effective. 

Autologous bone marrow transplantation remains an 
experimental approach. Further carefully conducted con- 
trolled trials are necessary to assess the efficacy of this 
technique and its relative role compared with alternative 
therapies. It is possible to envision this approach as a form of 
intensive postremission therapy in which one elects to give 
extremely high dose treatment to the vast majority, but not 
all, of the bone marrow v less intensive therapy to the entire 
bone marrow with conventional chemotherapy. 


SUMMARY 


Results of treatment of AML have improved over the last 
decade. With modern remission induction chemotherapy, 
most patients achieve complete remission. The median 
remission duration is now | to 2 years, and a substantial 
fraction of patients achieve long-term disease-free survival. 
Bone marrow transplantation provides an improved antileu- 
kemic effect compared with chemotherapy alone, and it is 
the treatment of choice for selected groups of patients, The 
major limitation is the risk of transplant-related mortality. 
Most patients are not currently eligible for bone marrow 
transplants because of advanced age or lack of a histocom- 
patible donor. Autologous marrow transplantation may be 
effective in selected settings, but this remains investigational 
at present. Substantial improvement in results of treatment 
of AML requires the development of new and effective 
chemotherapeutic agents that are non—cross-resistant with 
available drugs. Results of bone marrow transplantation may 
substantially improve if innovative measures to prevent 
major complications are successful. 
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Vasoactive Amines Directly Modify Endothelial Cells to Affect 
Polymorphonuclear Leukocyte Diapedesis In Vitro 


By John Doukas, David Shepro, and Herbert B. Hechtman 


Bovine aortic endothelial cells were cultured on the base- 
ment membrane surface of amnionic membrane and used 
as a substrate for polymorphonuclear leukocyte (PMN) 
diapedesis in vitro. Norepinephrine (NE), serotonin (5HT), 
or phalloidin treatment of the endothelial cells (ECs) 
reduces, whereas histamine or cytochalasin B increases, 
the number of PMNs migrating across the ECs and 
amnionic membrane. In contrast, amine treatment of PMNs 
or acellular amnionic membrane does not alter PMN dia- 
pedesis or chemotaxis. The NE and histamine effects are 
blocked by appropriate receptor antagonists, but the 5HT 
effect is not. All the agents’ effects are also reversible. 


HE PROCESS of polymorphonuclear leukocyte (PMN) 
diapedesis, in which PMNs breach the endothelial cell 
(EC) barrier of the microvasculature and enter surrounding 
tissues, is of prime importance in the development of an 
inflammatory reaction.’ PMN diapedesis has been examined 
principally with regard to the earlier event of adherence to 
the endothelium,*? or with regard to PMN adhesion to 
foreign surfaces* and chemokinesis.** In the present study, 
however, we examine an active role for ECs in PMN 
diapedesis which, if demonstrated, would suggest that local 
metabolic regulation of ECs may help to maintain the 
microvascular barrier to PMNs. 

We previously reported that vasoactive amines such as 
norepinephrine (NE), serotonin (SHT), and histamine mod- 
ulate various EC functions such as permeability to macro- 
molecules,® the erythrocyte extravasation associated with 
severe thrombocytopenia,’ and surface area and stress fiber 
numbers.® Stress fibers are microfilament bundles composed 
of actin, myosin, and other contractile proteins,’ which in 
ECs are believed to assist in maintaining normal barrier 
function to fluid and macromolecular permeability.'°* An 
underlying hypothesis in our work is that exogenous metabo- 
lites such as NE and 5HT act as local regulators to maintain 
the normal barrier function of EC. 

PMN diapedesis has been studied using pulmonary artery 
intimal explants’ as well as ECs cultured on glass'* and 
polycarbonate filters.” These systems, however, have inher- 
ent limitations: for example, intimal explants retain a portion 
of the vessel wall, which can alter expected permeability 
changes"; cultures on glass coverslips do not possess a 
subendothelial connective tissue layer to be crossed by 
PMNs as occurs in vivo, and monolayers cultured on filters 
may show areas of attenuated cytoplasm overlying filter 
pores,” an aberrant growth pattern not seen in ECs in vivo or 
cultured on substrates without pores. A more suitable sub- 
strate for use in PMN diapedesis studies is the acellular 
amnionic membrane, which provides normal EC monolayer 
growth over a continuous, native basement membrane and 
collagenous interstitial stroma.’ In this report, using ECs 
cultured on amnionic membrane mounted in modified che- 
motaxis chambers, we observed that the amines NE and 
SHT significantly and reversibly decreased PMN diapedesis 
in vitro whereas histamine increased diapedesis through their 
direct effects on the EC. 
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Qualitatively similar effects on EC permeability to Evan's 
blue-labeled albumin occur with all agents; however. PMN 
adhesion to ECs is not affected. Previously, we reported 
that NE and 5HT increase stress fiber numbers and 
decrease EC permeability to macromolecules in vitro, 
whereas histamine has the opposite effects, and that NE 
and 5HT eliminate the erythrocyte extravasation asso- 
ciated with thrombocytopenia in vivo. In this study, we 
propose that these vasoactive amines aiso alter PMN 
diapedesis in vitro through a direct effect on the EC, in part 
due to alterations in the EC cytoskeleton. 
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MATERIALS AND METHODS 


Tissue culture. Calf aortas were collected shortly after 
slaughter and transported on ice. After excess tissue was trimmed, 
the lumens were rinsed with phosphate-buffered saline (PBS) and 
exposed, and the intima was removed by gentle pressure with a 
scalpel. Individual cells were dispersed by treatment with 0.1% 
collagenase in Ca?*, Mg**-free PBS at 37°C for 12 minutes. After 
centrifugation at 1,200 g for 4 minutes, the cell pellet was suspended 
in Dulbecco's modified Eagle's medium (DMEM) supplemented 
with 10% fetal bovine serum (FBS), penicillin (100 U/mL), strepto- 
mycin (100 g/mL), and amphotericin B (0.25 ug/ mL). and plated 
at | to 2 aorta/2S-cm? flask. After 12 hours, debris was removed by 
rinsing the pellet with fresh medium. Cultures were refed every 3 
days, and confluent monolayers were obtained in $ to 7 days. ECs 
were confirmed by morphology, failure to overgrow as a monolayer, 
and positive staining for low-density lipoprotein (LDL) receptors 
using a fluorescent-labeled acetylated LDL (Dil-Ac-LDL}.” 

Amnionic membrane preparation. A modification of the 
method of Liotta and colleagues” was used to prepare acellular 
amnionic membrane. Human placentas were obtained shortly after 
delivery and transported on ice. The amnion reflecta of the sac 
material was separated from the chorion, washed free of blood, and 
placed in two changes of | mmol/L of N-ethyl maleimide at 4°C over 
60 minutes, with gentle agitation. The tissue was rinsed in 4°C 
distilled water, stretched loosely over plastic embroidery hoops, and 
the excess gelatinous stroma was removed by gentle rubbing. The 
hoops were submersed in 25°C 2% NH,OH for 30 minutes, with 
gentle agitation, after which the epithelium was removed with a 
rubber policeman. The amnionic membrane was then rinsed in 
distilled water and stored in 4°C distilled water for up to 12 hours 
prior to use. 

PMN preparation. Heparinized human blood was obtained 
from healthy, drug-free donors and immediately used for isolating 
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PMNs, using discontinuous density gradients of Ficoll-Hypaque.” 
Contaminating erythrocytes were then removed by centrifugation 
(200 g for 3 minutes) through 3% Dextran T500 in Ca?*, Mg?’ -free 
Hank's balanced salt solution (HBSS), and the PMNs were rinsed 
free of gradient fluid with HBSS (200 g for 5 min), and resuspended 
in buffer (DMEM containing 0.45% BSA, pH 7.4) at a final 
concentration of 6.25 x 10° ceils/mL. This procedure yielded > 97%. 
PMNs (Wright's-Giemsa staining), with >98% viability as assessed 
by trypan blue exclusion. 

Permeability chamber assembly. Amnionic membranes were 
arranged in modified chemetaxis chambers constructed in our 
laboratory from plastic test tube caps (Fig 1). Hoops of membrane, 
basement membrane side up, were placed on top of the open ends of 
Jower caps, which had circular inner ridges extending 2 mm upward 
from the cap floors. Upper caps, which had outwardly flaring bases 
1.5 mm thick, were pressed into the lower caps base first. In this way, 
upper and lower wells were formed (250-uL capacity each), sepa- 
rated by 50-mm* circles of amnionic membrane held firmly in place 
between the bases of the upper caps and the ridges of the lower caps. 
The caps themselves fit tightly into each other, holding the assem- 
blies firmly in place. The tops of the upper caps had been previously 
cut open to allow addition of cells and medium onto the basement 
membrane (formerly the epithelial surface) of the amnionic mem- 
brane; the lower wells were closed except for small holes previously 
drilled in their sides to allow emptying and refilling. After assembly, 
excess membrane was trimmed, the upper wells were filled with 
complete tissue culture medium (DMEM with FBS and antibiotics) 
and. if no leakage into the lower wells occurred due to a membrane 
tear, the lower wells were likewise filled by a syringe inserted 
through the side holes. The chambers were placed in 24-well tissue 
culture plates, the plates were filled with medium so as to cover the 
side holes of the chambers, and the plates were sterilized by exposure 
to a Co source for 3 to 5 minutes. The chambers were then stored at 
4°C for | to 2 weeks until needed. 

Bovine aortic endothelial cell (BAEC) monolayers were trypsin- 
ized and seeded onto the basement membrane surface of amnionic 
membrane at a concentration of } x 10° cells/chamber, at which 
time fresh complete medium was also added. This seeding density 
produced visual confluency within 12 hours; however, for maximum 
density and integrity, the monolayers were cultured for an additional 
48 hours prior to use, with a medium change at 24 hours. For 
assessment of confluency, representative monolayers were stained 
with saturated auramine O (aqueous) for | minute and viewed by 
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epifluorescence with a mercury light source. This staining precedure 
clearly delineates the cells in a confluent monolayer and any gaps 
that may be present; it was developed because the collagen fibrils of 
the amnionic stroma coupled with the plastic of the permeability 
chambers prevented effective transillamination. 

Permeability chambers constructed in this manner routinely 
yielded comparable levels of PMN diapedesis. In addition, with 
Evan's blue-labeled albumin used as a permeability tracer, the 
monolayers routinely demonstrated comparable barrier function to 
this macromolecule. The final passage number of the monolayers 
(passage |. 2, or 3) did not affect these results. Transmission electron 
micrographs (not shown) reveal a continuous monolayer, an underly- 
ing basement membrane, and an interstitial stroma of collagen 
fibrils devoid of rents or tears, as has been previously described by 
Madri and Williams." In experiments in which membrane tears 
were purposely created, a greatly increased passage of PMNs into 
the lower well (~50% of all PMNs applied v the average of 8% for 
normal control conditions) or of Evan's blue-labeled albumind EBA) 
occurred. Such results did not occur in experiments used for data 
analysis. Moreover, such permeability chambers (with membrane 
tears) did not respond significantly to the test agents. 

Diapedesis experiments. BAEC monolayers cultured in-perme- 
ability chambers were rinsed three times with buffer (BMEM 
containing 0.45% BSA, pH 7.4) at 37°C, the lower wells were rinsed 
and filled with 200 4L of buffer, and the side holes were steppered 
with paraffin. Test agents dissolved in buffer were applied to the 
monolayers as 200-uL aliquots, and the permeability chambers were 
incubated at 37°C in a humidified 95% air/S% CO, atmosphere. 
After 30 minutes, the monolayers were rinsed three times with 
buffer and, if no further agents were to be applied, 1.25 x 10° PMNs 
in a 200-uL aliquot of buffer (37°C) was applied to each monolayer 
and the chambers were again incubated in a 37°C tissue culture 
incubator. After 30 minutes, the monolayers were rinsed three times, 
the lower wells were sampled, and the number of PMNs in their 
250-ul volume was determined with a Model ZBI Coulter Counter 
(Coulter Electronics, Hialeah, FL). The numbers of PMNs in the 
lower wells of experimental groups were then compared with values 
obtained for concurrently conducted controls (in which the mono- 
layers were treated with buffer alone prior to addition of PMNs) and 
represented as percentages of control values. 

In experiments to determine any direct amine influences on PMN 
diapedesis, PMNs suspended in DMEM buffer at 2 to 5 x 10° 
PMNs/mL were treated with NE, SHT, or histamine for 30 minutes 
at 25°C. The PMNs were ther pelleted at 1,200 g for 4 minutes, 
resuspended in DMEM buffer without amines at 6.25 x 10° 
cells/mL, and added to chambers containing monolayers that had 
not received any amine pretreatments. A diapedesis assay was then 
conducted as described above. 

In addition, acellular amnionic membranes mounted in perme- 
ability chambers were directly treated with amines for 30 minutes, 
and a “diapedesis™ assay was then conducted, except that 10°7 
mol/L of N-formyl-methionyl-leucyl-phenylalanine (FMLP) was 
included in the lower wells as a chemoattractant, 

Permeability to EBA. An aqueous solution of 5% BSA and 0.5% 
Evan’s blue dye was incubated at 37°C for 15 minutes. Protein was 
then precipitated repeatedly with 100% ethanol until no free dye was 
detectable in the washes. The resulting EBA was air dried and stored 
at 4°C. Gel electrophoresis under denaturing conditions revealed 
that EBA was a single blue band that comigrated with BSA 
standards. 

BAEC monolayers cultured in permeability chambers were 
treated with pharmacological agents as previously described. and a 
200-uL aliquot of 0.45% EBA in DMEM (37°C, filtered prior to 
use) was then applied to each monolayer. After a 30-minute 
incubation at 37°C, the upper wells were aspirated dry, the mono- 
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layers were rinsed three times, and the lower wells’ volumes were 
sampled, These samples were then raised to 1.0 mL with distilled 
water and read for absorbance at 620 nm in a spectrophotometer. 
The lower the absorbance, the less EBA present, and therefore the 
less permeable the monolayer. 

PMN adherence. PMN adherence to BAEC monolayers was 
determined using the method of Zimmerman and HiH.” In brief, 
confluent monolayers cultured in 24-well plates were treated with 
pharmacological agents for 30 minutes at 37°C and then rinsed with 
buffer three times. A 500-yL aliquot containing 3.2 x 10° PMNs 
was added to each well, and the plates were incubated at 37°C for 10 
minutes. Supernatants were removed, the monolayers were gently 
rinsed with counting buffer, and the number of nonadherent PMNs 
was determined with a Coulter counter. Results are represented as 
the percentage of applied PMNs remaining adherent to the mono- 
layers. 

Statistical analysis. One-way analysis of variance and Dun- 
can's multiple-range test were used to compare groups within 
experiments.” 

Reagents. Reagents were obtained from the following sources: 
DMEM from GIBCO, Grand Island, NY: FBS from Hyclone Labs, 
Logan, UT; Dil-Ac-LDL from Biomedical Technologies, Cam- 
bridge, MA; Dextran T500 from Pharmacia Fine Chemicals, Pis- 
cataway, NJ; BSA from Boehringer Mannheim, Indianapolis; phen- 
oxybenzamine, diphenhydramine, and cimetidine (Tagamet) from 
Smith, Kline and French, Philadelphia: propranolol from Ayerst, 
New York: and ketanserin as a gift of Janssen Pharmaceutica, 
Beerse, Belgium; all other reagents were obtained from Sigma 
Chemical, St Louis. 


RESULTS 


Under control conditions (30-minute monolayer pretreat- 
ment with buffer alone) 1.0 x 10° PMNs (8.0% of the PMNs 
applied) migrate across a BAEC monolayer and the under- 
lying amnionic membrane within 30 minutes (n = 78, 
SEM + 3,494). (All percentages are given as mean values.) 
In the absence of a monolayer, 1.5 x 10° PMNs (1.2% of the 
PMNs applied) migrate across the amnionic membrane 
(n = 10, SEM + 1,073). These results agree with those of 
Russo and co-workers,” who demonstrated that PMN dia- 
pedesis across intact amnion membranes (ie, amnion sepa- 
rated from the chorion but otherwise untreated) is enhanced 
by a viable epithelial cell monolayer. These researchers also 
reported that the PMN transit occurs uniformly across the 
monolayer surface through intercellular junctions and 
closely mimics diapedesis as observed in vivo during inflam- 
mation. 

If the length of time PMNs are incubated with BAEC 
monolayers is varied, a maximum level of PMN diapedesis is 
reached between 15 and 30 minutes and does not increase up 
to 60 minutes thereafter (n = 6 for each time point, data not 
shown). Cramer and colleagues” found that PMN diapede- 
sis across epithelial monolayers cultured on micropore filters 
was maximum within 15 minutes in the absence of a 
chemoattractant, whereas Meyerick and associates’? found 
that diapedesis across pulmonary artery explants was maxi- 
mal by 60 minutes. Therefore, the present study agrees with 
these previous reports in that PMN diapedesis in in vitro 
systems reaches some maximum level, the timing of which 
probably depends on the nature of the substrate (eg, its 
thickness). 
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Fig2. Polymorphonuclear leukocyte (PMN) diapedesis follow- 
ing treatment of bovine aortic endothelial cell (BAEC) monolayers 
with amines. Significance from controls is noted for P < .01 (**) 
and P < .05 (*). Values are represented as means : SEM, and all 
aren = 6. 


Either NE or SHT treatment of a monolayer reduces the 
basal level of PMN diapedesis in a dose-responsive manner 
(Fig 2). For NE, the minimum significant effect occurs at 
10°* mol/L (16% reduction over controls, SEM + 3%), and 
the maximum effect occurs between 10°? and 10°* mol/L 
(58% reduction by 10~ mol/L, SEM + 6%). For SHT. the 
minimum significant effect occurs at 10°’ mol/L (24% 
reduction over controls, SEM + 4%), and the maximum 
effect occurs between 10°* and 10°* mol/L (39% reduction 
by 10`% mol/L, SEM + 2%). In contrast, histamine increases 
PMN diapedesis. The minimum significant effect occurs at 
10°* mol/L (27% increase over controls, SEM + 3%}, and 
the maximum effect occurs between 10°° and 10° mol/L 
(97% increase by 107° mol/L, SEM = 11%). 

The addition of the chemoattractant peptide FMLP to the 
lower well of a permeability chamber significantly increases 
the number of PMNs migrating across the monolayer, from 
1.1 x 10° PMNs (8.8% of the PMNs applied) without 
FMLP to 1.9 x 10° PMNs (15.2% of the PMNs applied) 
with FMLP (n = 6). FMLP, however, does not qualitatively 
alter the amine effects on the BAEC monolayers: NE and 


Table 1. Chemoattractant-Stimulated PMN Diapedesis Following 
Treatment of BAEC Monolayers With Amines 





PMNs in Lower Weill (9% Control) 


Monolayer Treatment 





Control 100 + 4 
NE 6324 
5HT 5345 
Histamine Zt 42 








Abbreviations: PMNs, polymorphonucilear leukocytes; BAEC, bovine 
aortic endothelial cells; NE, norepinephrine; 5HT, serotonin. 

A PMN diapedesis experiment was conducted in which N-formyl- 
methionyi-leucyl-phenytalanine (FMLP) (10° 7” mol/L) was included in the 
lower welis of the permeability chambers. Data are expressed as 
percentages of contro! values + SEM. All experimental groups differ 
significantly from controls {P < .01) and are n = 6, and all agents are 
used at 1 x 10°° mol/L. 
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SHT again reduce diapedesis, whereas histamine increases it 
(Table 1). 

If the length of time the monolayers are treated with 
amines is varied, NE and histamine produce maximal effects 
between 5 and 15 minutes (Fig 3). In contrast, the maximal 
effect of SHT occurs between 15 and 30 minutes. For this 
reason, 30 minutes was used for treatment incubation times 
for all other experiments. 

When PMNS are first treated with NE, SHT, or histamine 
(10°° mol/L) for 30 minutes at 25°C, and then used in 
diapedesis experiments with untreated BAEC monolayers, 
no changes in diapedesis are observed as compared with 
buffer-treated PMNs (n = 12, data not shown). Moreover, 
when acellular amnionic membranes (without a BAEC 
monolayer) are directly treated with amines (10°° mol/L), 
no changes in PMN chemotaxis across the membranes are 
observed as compared with controls (n= 6, data not 
shown). 

When a BAEC monolayer is treated with the a-adrenergic 
antagonist phenoxybenzamine or the 8-adrenergic antago- 
nist propranolol and is then treated with both NE and the 
same receptor antagonist, the expected NE effect (a decrease 
in diapedesis) does not occur (Table 2). In contrast, treat- 
ment with the SHT S, receptor antagonist ketanserin prior to 
ketanserin/SHT cotreatment does not significantly alter the 
expected SHT effect of reduced diapedesis. 

The histamine H, receptor antagonist diphenhydramine, 
when used as a pretreatment to diphenhydramine/histamine 
cotreatment. completely blocks the expected effect of 
increased diapedesis (Table 2). In contrast, cimetidine, a 
histamine H, receptor antagonist, does not block the hista- 
mine effect but slightly potentiates it. 

Monolayers were also treated with two agents known to 
alter actin microfilaments directly, as a means of assessing 
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Fig 3. Polymorphonuclear leukocyte (PMN) diapedesis follow- 
ing treatment of bovine aortic endothelial cell (BAEC) monolayers 
with amines for varying times. All amines are used at 1 x 107 
mol/L. Significance from controls is noted for P < .01 (**). Values 
are represented as means + SEM, and all are n = 6. N, NE; @, 5HT; 
A, histamine. 
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Table 2. PMN Diapedesis Following Treatment of BAEC 
Monolayers With Amines or Amine Receptor 
Antagonists / Amines 


PMNs in Lower Well (% Control) 








Monolayer Treatment 





Control 100 + 3 
NE 66 +2 
Phenoxybenzamine/NE 107 +5 
Propranolol/NE 107 +5 
SHT 70 +3 
Ketanserin/SHT 61+ 3 
Histamine 140 +4 
Diphenhydramine/histamine 97 + 4 


Cimetidine/histamine 





followed by a 30-minute cotreatment with the same antagonist and the 
appropriately corresponding amine, or with buffer alone for 30 minutes 
foliowed by an amine for 30 minutes, or with buffer alone for 60 minutes 
{control}. Data are expressed as percentages of control values » SEM. 
NE, 5HT, ketanserin/5HT, histamine, and cimetidine/histamine differed 
significantly from controls (P < .01}, and cimetidine/histamine differed 
significantly from histamine alone iP < ,01). AH agents were used at 1 x 
10°? mol/L, and all groups were n = 6. 


any EC cytoskeletal influence on diapedesis. Phalloidin, 
which polymerizes G-actin to F-actin microfilaments and 
stabilizes these filaments,” decreases diapedesis in a dose- 
responsive manner (Fig 4). The minimum significant effect 
occurs at 10°" mol/L (21% reduction over controls, SEM + 
5%), and the maximum effect occurs between 10 ° and 1078 
mol/L (67% reduction over controls by 10°° mol/L, SEM = 
2%). In contrast, cytochalasin B, which inhibits G-actin 
polymerization,” increases diapedesis. The minimum effect 
occurs at 10° mol/L (51% increase over controls, SEM + 
7%), and the maximum effect occurs between 10°% and 104 
mol/L (128% increase over controls by 107° mol/L, SEM + 
1%). 

When monolayers are treated with either NE, SHT. or 
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Fig4. Polymorphonuclear leukocyte (PMN) diapedesis follow- 
ing treatment of bovine aortic endothelial cell (BAEC) monolayers 
with phalloidin or cytochalasin B. Significance from controls is 
noted for P < .01 (**) and P < 05 {*}. Values are represented as 
means + SEM, and all aren = 6. 
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histamine for 30 minutes and then with buffer alone for 30 
minutes, no significant effects on PMN diapedesis are evi- 
dent as compared with controls (ie, treatment with buffer 
alone for 60 minutes) (Fig 5). This demonstrates the revers- 
ibility of the amines’ effects. Phalloidin’s effect is also 
reversible within 30 minutes; the effect of cytochalasin B, 
however, is only partially reversed 30 minutes posttreatment 
(to 65% of the effect at 0 minutes posttreatment, SEM 
6%). 

Monolayer permeability to EBA is similarly affected by 
amine, receptor antagonist/amine, phalloidin, or cytochala- 
sin B treatments (Table 3). NE reduces permeability, with 
the effect being completely blocked by propranolol and 
phenoxybenzamine: SHT likewise reduces permeability, but 
its action is unaffected by ketanserin. Histamine increases 
permeability, and diphenhydramine completely blocks the 
effect. Finally, cytochalasin B increases permeability, 
whereas phalloidin decreases it. 

PMN adhesion to BAEC monolayers is unaffected by 
previous monolayer treatment with NE, SHT, histamine, 
cytochalasin B, or phalloidin (Table 4). The concentrations 
used significantly affect diapedesis, however. 


DISCUSSION 
These experiments demonstrate that specific vasoactive 
amines modulate the level of PMN diapedesis across a 
BAEC monolayer in vitro. The amines NE and SHT signifi- 
cantly reduce diapedesis: histamine, conversely, increases 
diapedesis. These changes can be attributed to direct amine 
effects on the ECs, because amine treatment of EC produces 
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Fig 5. Reversal of the amine, phalloidin, and cytochalasin B 
effects on polymorphonuclear leukocyte (PMN) diapedesis. His, 
histamine; Phal, phalloidin; and Cyto B, cytochalasin B. Solid bars, 
30-minute treatment with agents: striped bars, 30-minute treat- 
ment with agent followed by a 30-minute treatment with buffer 
alone. Significance from controls is noted for P < .01 (**). In 
addition, cytochalasin B/ buffer significantly differs from cytochal- 
asin B alone (P < .01). All treatments are 1 x 10 ° mol/L, except 
for phalloidin (1 x 107° mol/L). Values are represented as mean + 
SEM. and all are n = 6. 
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Table 3. BAEC Monolayer Permeability to EBA Following 
Treatment | With Various Agents 





Monolayer Treatment Absorbance (% Contoh: 











Control 100 + 2 
NE 69.4 
Phenoxybenzamine/NE 9224 
Propranolol/NE 102 +2 
5HT S623 
Ketanserin/5HT 6044 
Histamine 12142 
Diphenhydramine/histamine $4 +3 
Phalloidin 3223 
Cytochalasin B 123.44 








Abbreviation: EBA, Evan's blue-labeled bude; 

Monolayers were treated with amine receptor antagonists and amines 
as previously described (Table 2): phalloidin and cytochalasin B treat- 
ments were for 30 minutes. Data are expressed as percentages of control 
values for absorbance + SEM. NE, 5HT, ketanserin/5HT. histamine, 
phalloidin, and cytochalasin B differed significantly fror control {P = 
01). All agents were used at 1 x 10°° mol/L, except for phalloidin (1 x 
107? mol/L}; all groups were n = 6. 


the diapedesis changes whereas amine treatment of PMN 
does not affect their subsequent diapedesis across untreated 
monolayers. Also, amine treatment of amnionic membranes 
(without a BAEC monolayer) does not affect PMN chemo- 
taxis across the membranes. ms conclusion is supported in 
part by Clark and colleagues,” who also reported no effect of 
histamine on PMN migration. Therefore, BAEC are capable 
of presenting a greater or lesser barrier to PMN diapedesis, 
depending on exposure to exogenous amines. 

Unless otherwise stated, the permeability chambers con- 
tained buffer alone in their lower wells. Addition of a PMN 
chemoattractant (10°? mol/L of FMLP) to the lower wells, 
however, does not qualitatively alter the amine effects an the 
BAEC monolayers. This further supports the relevance of 
the present work to PMN diapedesis during inflammatory 
states. 

The amine-induced changes in diapedesis are reversible. A 
30-minute monolayer incubation with buffer alone reverses 
any previous amine treatment, and PMN diapedesis returns 
to control values. Moreover, none of the amine treatments 
used produced gross morphological changes as visible with 
light microscopy, and none of the amine or other treatments 
used decreased EC viability (as assessed by trypan blue and 


Table 4. PMN Adhesion to BAEC Monolayers Following 
Treatment of Monolayers With Various Agents 





Monolayer Trestnom 





Control 

NE 

5HT 
Histamine 
Phalloidin 
Cytochalasin B 








Data are expressed as the percentage of applied PMNs 1 remaning 
adherent to the monolayers following a 10-minute incubation, + SEM. 
Monolayers had been previously treated with amines or cytochaiasin B 
(1 x 10°’ mol/L) or phalloidin (1 x 10°* mol/L) for 30 minutes; all 
groups were n = 6. 
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fluorescein diacetate/ethidium bromide vita! staining). 
Moreover, the amine concentrations used were comparable 
to levels ranging from normal conditions®” to those of 
thrombogenesis. These observations support our thesis that 
vasoactive amines alter EC physiology and that regulation of 
barrier function may occur in vivo, as we have previously 
suggested for monolayer permeability to macromolecules 
and the erythrocyte extravasation associated with severe 
thrombocytopenia.®’ 

§-adrenergic receptors on BAEC has been demonstrated 
using a radiolabeled ligand.” In the present study, the effects 
of NE on diapedesis and albumin permeability were blocked 
by both phenoxybenzamine and propranolol, suggesting that 
the amine may act through adrenergic receptors. 

Histamine H, receptors have also been localized on aortic 
EC using a radiolabeled ligand.’ In the present study, 
histamine-induced diapedesis and permeability increases 
were completely blocked by diphenhydramine, suggesting 
that they may be due to H, receptor stimulation. Cimeti- 
dine’s potentiation of histamine’s effect on diapedesis may be 
due in part to some H, receptor agonistic activity or to a 
nonreceptor-mediated action. 

The SHT-induced diapecesis and permeability alterations 
appear to be nonreceptor mediated, in that the SHT S, 
receptor antagonist ketanserin does not block the amine’s 
effects. This finding supports Makarski’s report of the lack of 
SHT receptors on cultured BAEC,” a conclusion also drawn 
in our own work using radiolabeled ligand localization” and 
receptor binding and pulse-chase experiments. The longer 
time necessary for the appearance of a maximal SHT effect 
on diapedesis, as compared with the time necessary for 
maximal NE and histamine effects, may reflect the nonre- 
ceptor-mediated action of SHT v the receptor-mediated 
action of the other two amines. 

Histamine causes a transient dilation of EC junc- 
tions,'*°""* leading to increased permeability to water and 
sucrose!" and albumin. In contrast, NE and SHT decrease 
EC monolayer permeability to albumin® and prevent the 
erythrocyte extravasation associated with thrombocytopenia 
in vivo,’ effects believed to reflect increased EC junctional 
integrity. Increased monolayer permeability as a result of 
decreased junctional integrity has been attributed to altera- 
tions in the EC cytoskeleton, '™™ and Meza and colleagues” 
related alterations in microfilament patterns to changes in 
epithelial cell monolayer electrical resistance, an indicator of 
junctional integrity. Direct manipulation of microfilaments 
with cytochalasin B also decreases monolayer junctional 
integrity'®'* and increases permeability to albumin, fur- 
ther establishing the connection among cytoskeletal arrange- 
ments, junctional integrity, and monolayer permeability. 

Previously we showed that NE and SHT increase, whereas 
histamine decreases, EC stress fiber numbers.’ We also 
showed that NE and SHT act directly to increase G-actin to 
F-actin polymerization, as determined by G-actin inhibition 
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of DNase | activity." We believe that the results reported 
here on amine-induced alterations in PMN diapedesis and 
monolayer permeability to albumin may be due to these 
actions: Amine-induced EC cytoskeletal alterations may 
alter monolayer junctional integrity as described above, 
leading to both diapedesis and permeability changes. 
Because PMN diapedesis occurs intercellularly,''** as does 
the bulk of trypan blue-labeled albumin transport across 
BAEC monolayers,” changes in monolayer junctional integ- 
rity would be expected to alter both PMN diapedesis and 
albumin permeability. The effecis of phalloidin and cyto- 
chalasin B further support this conclusion: Stabilization of 
EC microfilaments by phalloidin decreases, whereas disrup- 
tion of microfilaments by cytochalasin B increases, diapede- 
sis and permeability. In addition, as with the amines, the 
effects of phalloidin and cytochalasin B are dose-responsive 
and reversible, which may further suggest a commonality of 
action between these agents and the amines. Wong and 
Gottlieb"? report a time course and effective concentration 
range for the disruption by cytochalasin B of the dense 
peripheral band of microfilaments in ECs similar to the time 
course in the present report for the agent's effects on 
diapedesis (ie, 10°° mol/L is effective within 15 minutes of 
treatment, and the effect is reversible between 15 and 60 
minutes following removal of the treatment). 

Other mechanisms could contribute to the amine effects 
on EC barrier function. Because PMN adhesion to the 
endothelium occurs prior to diapedesis, alterations in PMN 
adhesion could increase or decrease diapedesis. Such a 
mechanism does not appear to be involved in the present 
work, however, as neither the amines. cytochalasin B, nor 
phalloidin affected PMN adhesion to BAEC monolayers at 
concentrations that affected diapedesis. Several reports have 
also suggested that ECs can elaborate factors capable of 
influencing PMN-EC interactions.“ Such factors would 
not be expected to alter both diapedesis and monolayer 
permeability to albumin, however, as evidenced in this study. 
We found that BAECs do release factor(s) that influence 
PMN diapedesis and that this release is influenced by NE 
and SHT (J. Doukas, D. Shepro, H.B. Hechtman, unpub- 
lished observations). We are now examining the relationship 
between the release of these factors and the amine-induced 
cytoskeletal alterations. 

In conclusion, we present experimental evidence that NE 
or SHT treatment of a BAEC monolayer reduces subsequent 
PMN diapedesis across the monolayer whereas histamine 
increases subsequent diapedesis. These effects are suggested 
to reflect amine-induced alterations in the EC cytoskeleton. 
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In Vivo Induction of Proteins During Therapy of Hairy Cell Leukemia 
With Alpha-Interferon 


By Brian L. Samuels, Harvey M. Golomb, and Bernard H. Brownstein 


The mechanism of the antineoplastic effect of interferon 
(IFN) is not known and may result from direct effects on the 
neoplastic cells themselves, activation of intermediary 
effector cells, or a combination of these effects. The 
synthesis of specific proteins is induced in hairy cells when 
they are exposed to a-IFN in vitro. In particular, the 
synthesis of an 80,000-dalton protein, which we have 
called p80, is markedly induced, We investigated this effect 
in the hairy celis of seven patients in the leukemic phase of 
hairy cell leukemia who were being treated with subcuta- 
neous (SC) IFN a2b (r-Hu-IFN-a2). Polyacrylamide gel elec- 


HE USE OF biological response modifiers is a promis- 
ing new field in the therapy of malignant disease. One 
of the most successful applications has been the treatment of 
hairy cell leukemia (HCL) with «interferon (a-IFN).'3 The 
mechanism of the antineoplastic effect of IFN remains 
unknown, despite extensive investigation of the problem. We 
investigated the direct biochemical effects of IFN on hairy 
cells and showed that hairy cells in culture respond to 
exogenous recombinant a-interferon (r-Hu-IFN-a2) by the 
induction of synthesis of specific proteins.* For some time, 
IFN has been known to induce the synthesis of specific 
proteins in cells exposed in vitro.“ Hairy cells, however, are 
particularly sensitive to very low IFN concentrations: in 
addition, more proteins are induced, and for a far longer 
period than previously reported in other cell types.* Most 
patients with HCL are pancytopenic, and bone marrow 
fibrosis usually precludes marrow aspiration? For these 
reasons, it is difficult to obtain samples of hairy cells from 
patients for in vitro experimentation. A few patients with 
HCL develop a leukemic phase during their illness, however, 
during which phase leukocyte counts are > 10,000/uL, and 
> 50% of the WBCs are hairy cells. From the large referral 
base of HCL patients at our institution, we were able to 
select several such patients who were about to begin therapy 
with a-IFN. Using samples from these patients, we investi- 
gated the in vivo induction of specific proteins in hairy cells 
by pharmacological doses of r-Hu-IFN-a2. 
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trophoresis (PAGE) was carried out on [*S]methionine- 
labeled whole cell lysates visualized by autoradiography 
and silver staining. Within 2 days of starting IFN therapy, 
induction of specific protein synthesis, including p80, was 
seen by [S]methionine labeling in freshly isolated circulat- 
ing hairy cells from 6 of 6 patients tested. Therefore, a-IFN 
has a direct biochemical effect on hairy cells in vivo that is 
similar to in vitro effects, at least with regard to p80 
synthesis, although the kinetics of this effect may vary in 
the two situations. 

® 1987 by Grune & Stratton, Inc. 


MATERIALS AND METHODS 
Materials 


r-Hu-IFN-e2 was kindly provided by Schering Corporation 
(Bloomfield, NJ). [°S]Methionine 15 Ci/mmol was from Amer- 
sham (Arlington Heights, IL). EN’HANCE fluorographic selution 
was purchased from New England Nuclear Corporation (Beston). 
All other reagents were from commercial sources and were of 
reagent grade. 


Methods 


Peripheral blood samples were obtained from seven patients with 
HCL prior to the initiation of IFN-a-2b therapy. All patients were in 
the leukemic phase of the disease (Table 1). Additional samples were 
obtained at 2 days (6 patients), and 2 (2 patients) or 4 weeks (6 
patients) after IFN therapy was started. Mononuclear cells were 
isolated on a Ficoll-Hypaque gradient,” and brought to a concentra- 
tion of 2 x 10° cells/mL. All patients were advised of the procedures 
and possible risks, according to institutional guidelines, and all gave 
informed consent. 

Pre-lFN samples. t-Hu-1F N-a2 was added to flasks of the cell 
suspension at 1,000 IU/mL. Similar flasks without added IFN were 
used as controls. The flasks were incubated for 24 hours at 37°C in 
5% CO), after which the cells were transferred to methionine-poor 
RPMI 1640 Select-Amine medium (GIBCO, Grand Island, NY). 
(°S] Methionine at 100 uCi/mL was added to each flask. Cells were 
pulse-labeled for 4 hours and lysed according to the method of 
Laemmli,” with protease inhibitors added to the lysis buffer. 
Nucleic acids were sheared by serial passage through syringe needles 
down to 30 gauge. Samples were stored at — 80°C until used. 

IFN therapy. The patients were subsequently started on therapy 
with r-Hu-IFN-a2, ata dose of 2 x 10° 1 /m? subcutaneously (SC) 
three times weekly for | year. 

Duration of induction. Flasks of pre-IFN hairy cells were used 
in these experiments. One set of flasks had no IFN added. The other 
flasks had r-Hu-IFN-a2 at 1,000 IU/mL added as above, After 24 
hour incubation with added IFN, cells from two sets of flasks were 
washed several times and resuspended in IFN-free medium. At 4 
and 9 days, respectively, after being washed free of IFN, cells from 
these two sets of flasks were transferred to methionine-poor Select- 
Amine and pulse-labeled with [S]methionine as described above. 
Another set of flasks was incubated with added IFN for 9 days 
before pulse-labeling. The cells that had been incubated without 
IFN for 9 days were transferred to “spent” medium (prepared by 
incubating hairy cells in IFN-containing medium for 9 days and 
then centrifuging to remove the hairy cells, leaving a cell-freeespent 
medium). After 24-hour incubation in the spent medium, the cells 
were transferred to Select-Amine and pulse-labeled as described 
above. 
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IFN-INDUCED PROTEINS DURING THERAPY OF HCL 


Table 1. Patient Peripheral WBC Counts and Percentage of Hairy 
Cells Before and After IFN Therapy 


Day O of IFN Therapy Day 28 of IFN Therapy 


WBC Count Hairy Cells WEC Count Hairy Cells 
Patient (Celis/pL) (% of MNC) (Cells/ pL) (% of MNC) 
R.H. 60,500 95 5,200 28 
H.B. 47,500 75 7,800 15 
Lips 24,600 62+ 10,100 36 
CT. 48,800 93 10,200 67 
c.o 23,300 79 7,300 26 
G.H.* 16,000 79 2,500 —$ 
W.M. 34,600 90 9,100 73 





*Two-week samples obtained; data for hairy cell proportion not 
available. 

tMost mononuclear cells not classified as hairy cells on peripheral 
smear stained positive for tartrate-resistant acid phosphatase, giving a 
probable higher actual hairy cell proportion in this patient. 

No 4-week sample obtained. 


Electrophoresis. Polyacrylamide gels were prepared by a modi- 
fication of the method of Laemmli,” whereby the acrylamide:meth- 
ylene bis-acrylamide ratio was 30%:0.1%. Separating gels of 12% 
polyacrylamide were used. Electrophoresis was carried out at a 
constant 200 V. Gels were fixed in 30% methanol: 10% acetic acid for 
| hour, impregnated with ENHANCE, dried under vacuum, and 
exposed to Kodak XAR-5 film at —80°C for | to 10 days. 

Post-IFN samples. Mononuclear cells were isolated from 
peripheral blood as described above and placed directly into methio- 
nine-poor Select-Amine at 2 x 10° cells/mL. [°°S] Methionine was 
added at 100 wCi/mL, and the cells were pulse labeled for 4 hours. 
Whole cell lysates were prepared as described above, and electropho- 
resis and autoradiography were done. Samples from one patient were 
not radiolabeled: therefore, after electrophoresis, the protein bands 
were visualized by silver stain only,” and the gels were photo- 
graphed. Radiolabeled cell lysates from two of the other patients 
were analyzed after electrophoresis by silver staining as well as by 
autoradiography. 


RESULTS 


Exposure in vitro to (r-Hu-IFN-a2) resulted in induction 
of synthesis of several proteins in hairy cells, as analyzed by 
one-dimensional polyacrylamide gel electrophoresis (PAGE) 
(Fig 1). The most prominent induced protein was ~80,000 
daltons, and was designated p80. Lysates prepared from 
hairy cells obtained from six patients 2 days after initiation 
of continuing r-Hu-IFN-a2 therapy also showed induction of 
p80 synthesis, without addition of IFN during the [**S]me- 
thionine labeling period in vitro (Fig 1). The only IFN 
exposure that these circulating hairy cells received occurred 
in vivo, as a result of r-Hu-IFN-a2 therapy. In gels of cell 
lysates obtained from two of these patients after 2 weeks of 
therapy, and from five of the patients examined after 4 weeks 
of therapy, induction of p80 synthesis was not detectable, 
either by silver stain or by autoradiography. Samples from 
patient W.M. were analyzed by silver stain only, and did 
show induction of p80 after 4 weeks of IFN therapy. 

When hairy cells were incubated with IFN for 9 days, 
induction of p80 synthesis was still taking place at 9 days 
(Fig 2). Previously unexposed hairy cells incubated in IFN- 
containing spent medium (prepared by incubating hairy cells 
in IFN-containing medium for 9 days, then centrifuging to 
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Fig 1. Autoradiogram showing induction of the p80 protein in 


hairy cells by a-interferon (a@-IFN) in vitro and in vivo. Lane A, hairy 
cells incubated in IFN-free medium; lane B, cells incubated in vitro 
with IFN for 24 hours prior to labeling: lane C, cells isolated 
immediately prior to initiation of IFN therapy; lanes D through F, 
cells isolated at 2, 14, and 30 days after the initiation of therapy, 
respectively. Several a-IFN-induced proteins are evident in lane B; 
arrow marks position of p80, the most prominently induced 
protein. 


remove the hairy cells, leaving a cell-free spent medium), 
were also induced to synthesize p80 (Fig 2). Thus, hairy cells 
were still capable of being induced to synthesize p80 after 9 
days in culture, and the IFN remained biologically active 
after 9 days in contact with hairy cells in the medium. Hairy 
cells incubated in IFN-containing medium for 24 hours and 
then resuspended in IFN-free medium showed diminished 
induction of p80 synthesis at 4 days and 9 days after 
resuspension (Fig 2). 


DISCUSSION 


The data show that the previously noted induction of 
synthesis of specific proteins in hairy cells by (r-Hu-l FN-a2) 
in vitro* also occurs in vivo in the cells of patients being 
treated with this IFN. We believe that the data imply that 
induction of synthesis occurs in hairy cells since in three of 
the patients hairy cells constituted 90% to 95% of the 
circulating mononuclear cells. In support of this interpreta- 
tion is the fact that when the proportion of circulating hairy 
cells was reduced by therapy, in most cases to <50%, the 
induction was no longer detected, although a similar number 
of mononuclear cells were tested. In vivo induction of protein 
synthesis in the cells of patients on therapy with IFN has 
previously been demonstrated in terms of 2’-5’ oligoadenylate 
synthetase activity in circulating mononuclear cells of such 
patients.'? Induction of protein synthesis to levels detectable 
by PAGE has not previously been reported in vivo, and this 
illustrates the quantitative significance of the amount of p80 
induced in the circulating hairy cells of the patients whom we 
studied. To our knowledge, this is the first description of a 


1572 


200— 
98— 
69— 
46— 

- 

= 

=- 

-~ 

 — 


m 


) 0) ET! = 
| |) eT 


= £ 2 = $> te 
2 ee ee fF ee es 
> 3 9 D a £ č vs a 
~ e g Qq 
og 
Pe 
Fig 2. Autoradiogram of whole cell lysates (12% gel) from 


cells exposed to interferon (IFN) and then resuspended without 
IFN for various time periods. Lanes A and B, experimental control: 
lane A, cells incubated in IFN-free medium and lane B, cells 
incubated in medium with IFN for 24 hours prior to labeling. Lane C 
shows unexposed hairy cells suspended in a medium that initially 
contained IFN and hairy cells for 9 days. The “spent” medium was 
cleared of cells prior to the addition of the unexposed cells, and 
then incubated for 24 hours. For lanes D and E, hairy cells were 
exposed to IFN for 24 hours in vitro, washed three times, and then 
incubated in IFN-free medium for the indicated number of days 
before the lysate was made (described in the Materials and 
Methods section). Arrow marks position of the p80. 


biochemical effect of IFN directly on human neoplastic cells 
in vivo. 

In parallel with our findings from in vitro investigation of 
the induction phenomenon, the in vivo induction of synthesis 
of p80 occurred rapidly and was observed within 2 days of 
the initiation of therapy. Previously, we showed that induc- 
tion of p80 synthesis in vitro occurred at IFN concentrations 
ranging from 0.1 to 10,000 IU/mL. At the dose of r- 
Hu-IFN-a2 used clinically (2 x 10° 1U/m? SC), a serum 
IFN level of ~100 to 200 IU/mL would be attained at ~4 
hours, with elimination over the next 12 hours.” 

The current data show that, in vitro, induction of synthesis 
will continue for at least 9 days in the continued presence of 
IFN, but that induction is diminished after 4 days without 
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exogenous IFN and remains at this level even at 9 days 
without IFN. In vivo, the interaction of drug elimination and 
cell turnover might well lead to a more rapid decline in the 
induction response, so that it is not at a level detectable by 
PAGE after 2 weeks of IFN therapy. Regulation of the 
induction of protein synthesis may differ between hairy cells 
in vivo and in vitro at either a transcriptional, a translational, 
or a posttranslational level. Down-regulation of the IFN 
receptor may also occur at different rates in the two situa- 
tions. The kinetics of induction in vivo may change with time 
and with turnover of the circulating hairy cell population, so 
that there is a more rapid decay of the MRNA transcribed 
and/or a more rapid degradation of the p80 protein (since it 
was not observed to be induced on silver stain visualization, 
as well as the autoradiograms). The induction seen by silver 
Stain in one patient (W.M.) after 4 weeks of therapy may 
indicate some patient-to-patient variability in the parameters 
of the IFN response in vivo. In addition, the proportion of 
mononuclear cells that were hairy cells had greatly dimin- 
ished by 4 weeks of IFN therapy (Table 1). (Patient W.M. 
had the highest residual proportion of hairy cells at 4 weeks, 
73%.) 

The antitumor effect of IFN remains unexplained. The 
effect may be mediated indirectly by interaction with inter- 
mediary cells such as natural killer (NK) cells, which then 
act against neoplastic cells.'* IFN may also have a direct 
anuiproliferative effect on the tumor cells. Alternatively, 
both mechanisms may play a role. Recent data’ support 
older reports” that neither NK activity nor an intact immune 
system is an absolute requirement for inhibition of tumor 
growth by IFN in vivo in animal models. 

IFN therapy does lead to normalization of NK activity," 
which is characteristically low in patients with HCL."* This 
phenomenon, however, appears to accompany rather than 
precede the return of all peripheral blood cell counts toward 
normal. Our data certainly indicate that there is a direct, 
measurable biochemical effect of IFN on the target hairy 
cells in vivo when patients are treated with r-Hu-IFN-c2. 
Whether induction of synthesis of specific proteins such as 
p80 is involved in the antineoplastic effect of IFN is not 
known, but it is a marker of direct effects of IFN on a 
neoplastic cell population, and the extreme sensitivity of 
hairy cells to IFN in terms of induction of specific protein 
synthesis, as compared with other cell types, parallels the 
clinical sensitivity of hairy cell leukemia to IFN therapy. 
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Differences in Nonspecific Esterase from Normal and Leukemic Monocytes 


By Perry D. Cohn, Peter D. Emanuel, and Marek J. Bozdech 


Nonspecific esterase (NSE) is used to identify normal and 
leukemic mononuclear phagocytes cytochemically. It can 
be demonstrated by the hydrolysis of a-naphthyl acetate or 
butyrate. NSE from leukapheresed leukemic monocytes 
were extracted with several types of detergent and 
grouped into two isoelectric point (pl) categories based on 
the ease of solubility: pi 5.7-6.3 (8 bands) =p! 6.6-7.6 (6 
bands). Normal monocytes yielded only the pi 5.7-6.3 
isozymes. Isozymes from both leukemic and normal mono- 
cytes were inhibited similarly by sodium fluoride, pH < 4.7, 
and a serine active site inhibitor. All isozymes were bound 
by Sepharose-concanavalin A (Con-A) and displayed simi- 


ONSPECIFIC esterases (NSEs) are widely distributed 
in many types of cells. They are demonstrated and 
assayed by the cleavage of a short-chain acyl group from a 
chromogenic leaving group. Their actual function is poorly 
understood, however, although a list of liver esterase sub- 
strates, carboxylic acid esters, has been assembled.' Esterase 
cytochemistry is commonly used to differentiate various 
types of leukocytes. Mononuclear phagocytes are the most 
proficient at cleaving a-naphthyl acetate/butyrate sub- 
strates, displaying cell surface’? and granular’ activities. 
Several types of lymphocytes also possess an esterase activi- 
ty, including a “punctate” form.’ Since Bozdech and Bain- 
ton? demonstrated the plasmalemmal location of monocytic 
NSE, it is clear that in monocytes NSE is not a lysosomal 
hydrolase. On the cell surface, NSE may have a role in 
relating to the extracellular environment or to other leuko- 
cytes, For instance, Kitahara and Eyre* observed a correla- 
tion between NSE activity and chemotaxis. 

Electrophoresis and isoelectric focusing (IEF) of deter- 
gent extractions of whole cell lysates? or of lysosomes’? have 
been used to compare the different groupings of esterase 
isozymes in various types of blood cells. Our studies have 
stressed the extraction of ectozymes by brief exposure of live 
leukapheresed leukemic monocytes to detergent as well as 
extraction of freeze-thaw lysates or stronger and repeated 
detergent extractions. 

We separated two families of NSEs from leukemic mono- 
cytes in agreement with Scott and colleagues.’ One group is 
similar to that found in normal monocytes. Both are 50-kd 
glycoproteins that are sensitive to pH 4.5, NaF, and the 
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lar substrate preferences and pH v activity slopes. Under 
the conditions of detergent solubilization, the smallest mol 
wt species retaining enzymatic activity was 50 + 5 kd. 
Despite these similarities, the isozymes of pl 5.7 through 
6.3 and pl > 6.3 exhibited different degrees or types of 
inhibition by phenylmethylsulfony! fluoride (PMSF), resis- 
tance tc heat and antigenic character. Thus, the esterase 
isozymes represent two families of glycoproteins, both of 
them probable cell surface enzymes, resembling classical 
liver carboxyl or B-esterases (EC 3.1.1 1). 

èe 1987 by Grune & Stratton, inc. 


serine esterase inhibitor phenylmethylsulfonylfluoride 
(PMSF}. They differ, however, with regard to ease of 
detergent extraction, resistance to elevated temperatures, 
and precipitation with antisera. 


MATERIALS AND METHODS 


Cells. Two patients with acute monocytic leukemia (French- 
Americap-British [FAB] classification M5) were therapeutically 
leukapheresed to reduce their dangerously high leukocyte counts. 
Pheresed leukocytes from both patients were »85% e-naphthyl 
acetate or a-naphthyl butyrate nonpunctate esterase positive (ie, 
mononucicar phagocytes, not T cells), using the method of Li and 
colleagues® or Bozdech and Bainton? (described below). As judged 
by Wright’s staining, the leukapheresed mononuclear phagocytes 
from both patients were predominantly monoblasts. They were 
negative for peroxidase and weakly positive for acid phosphatase. 
Equal numbers of leukapheresed cells from both patients were 
positively stained by antimonocyte .1 monoclonal antibody (Be- 
thesda Research Laboratories, Gaithersberg, MD) but not by OKT3 
(Ortho Pharmaceutical, Westwood, MA). Based on Wright's and 
chloroacetate esterase staining, no platelets and only 5% each of 
neutrophils and lymphocytes were present. Electron cytochemistry 
of the esterase was performed using the methods of Bozdech and 
Bainton.? NSE was localized both on the cell surface and intracellu- 
larly, as judged by thick and thin section (Figs | and 2). 

Normal monocytes were obtained from normal volunteers and 
purified by Ficoll-Hypaque centrifugation. Further purification (up 
to 90% to 95% monocytes) was effected by reversible adherence to 
fibronectia-coated plastic Petri dishes.’ Purified fibronectin was 
supplied by Deane F. Mosher. Iron carbonyl separation of monocytes 
was performed in some experiments. 

Enzyme extraction. Leukapheresed leukemic monocytes were 
cleared of RBCs by 0.83% NH,CI lysis. The cells were briefly 
vortexed with equal volumes of detergent solution [0.1% cetyltri- 
methylammoniumbromide (CTAB) or 0.1% to 1.0% Triton X-100 
or 0.1% 3-3 cholamidopropyldimethylammonio-|-propanesulfonate 
(CHAPS) ] in phosphate-buffered saline (PBS) followed by centrif- 
ugation a‘ 2,000 g. Following a 60-second extraction, the sedimented 
cells appeared intact by electron microscopy except for loss of the 
plasmaleramal membrane. No enzyme inhibitors were included 
because the inhibitor specificities were not yet established. The 
supernatant was centrifuged a second time and frozen. Thawing was 
accompanied by an additional centrifugation, followed in some 
experiments by ultrafiltration through a 0.2-um filter. 

Isoelectric focusing. Analytical polyacrylamide IEF was con- 
ducted in 5% gels incorporating 1% Triton X-100 and pH 3-10 
ampholines enriched with pH 5-7 or 5-8 ampholines. Bands contain- 
ing NSE activity were stained with the same techniques as used for 
the cells.’ 
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Fig 1. Plastic embedded section of leukapheresed cells from 
patient 2. Leukemic mononuclear phagocytes exhibit nonspecific 
esterase (NSE) by colored reaction product both intracellularly and 
on the cell surface (arrow heads). Original magnification = 900; 
current magnification x 450. 


Measurement of NSE. NSE was measured by the techniques of 
Bozdech and Bainton,’ which were adapted from Li and colleagues.° 
This method was dependent on the hydrolysis of a-naphthyl acetate 
or butyrate (Sigma) in Tris or phosphate buffer (pH 7.2) followed by 
the reaction of the a-naphthyl leaving group with the hexazotized 
dye pararosaniline, producing a red color that can be monitored at 
500 nm. The esterase activity was either estimated microscopically 
(cells), judged grossly (polyacrylamide gels), or quantitated by 
spectrophotometry (enzyme purification). The reaction was stopped 
at | minute with pH 4.5 buffer for spectrophotometry. 

Affinity chromatography purification. Sepharose-4B beads 
conjugated with concanavalin A (Con A, Sigma) were washed and 
added to the detergent extract. Titration determined that a small 
amount of beads could bind all NSE activity from the detergent 
suspension. Based on that titration, Sepharose-Con A was used to 
purify the extract partially. After extensive washing in buffer, 50 
mmol/L of mannose in pH7 PBS was used to elute the NSE from the 
beads. The NSE activity and Coomassie R-250 (Bradford assay) 
estimated protein concentration were measured at cach step. The 
amount of protein in the eluate was 5% of that in the initial extract, 





Fig 2. Electron micrograph of a leukapheresed cell from 
patient 1 exhibiting cell surface NSE staining. Original magnifica- 
tion «4,500; current magnification x 2,250. 
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whereas 70% to 80% of the enzyme activity was recovered. Analyt 
cal IEF demonstrated that all original NSE bands were present in 
the eluate. The eluate was dialyzed in PBS and either concentrated 
by lyophilization or by concentrative ultrafiltration techniques using 
Nuclepore CX-10 filters (Nuclepure Corp, Pleasanton, CA) 
Preparative TEF. 
granulated, low electroendosmotic polyacrylamide (Biogel: Biorad, 
Richmond, CA) or 0.5% agarose/4% polyacrylamide gels incorpo- 
rating a mixture of pH 3-10 and pH 5-8 ampholines. Crude 


The preparative IEF purfication of NSE used 


detergent extract or extract partially purified on Sepharase-Con A, 
dialyzed in 2% tricine-glycine or 1% ampholytes was placed on the 
prefocused gels. After the run, the NSE activity was localized by 
blotting with nitrocellulose paper. That area of the bed was removed, 
and the NSE was eluted with PBS. This method succeeded in 
purifying the NSE 50-fold, as judged by the change in the ratio of 
enzyme activity to protein concentration. The eluate was concen- 
trated by ultrafiltration. Up to several hundred-fold purification, as 
judged by Coomassie staining of analytical IEF gels, was accom- 
plished by combining Sepharose-Con A purification with prepara 
tive IEF. Individual isozymes are purified by a factor of 4 
(there are 14 bands) higher 

Antiesterase immune sera. NSE in 0.1% CTAB extracts of 
leukapheresed monocytic leukemia cells from patient | was purified 
by Con A-Sepharose 4B affinity chromatography (used for initial 
inoculation) and preparative IEF (used for boosting), These CTAB 
extracts from patient | contained NSE isozymes in the range of 5.8 
to 6.3 pH, but did not contain the pl 
extracts 


6.3 forms found in other 


New Zealand white rabbits were purchased from Sprague- 
Dawley. Following inoculation and boosting, the animal was bled 
every other week. After 4 hours was allowed for clot formation, the 
serum was removed, heated at 56°C for 30 minutes, and frozen at 

70°C 

Immunodiffusion assays of the sera were performed overnight at 
room temperature in 2% agarose buffered with .05 mol/L of Tris pH 
7.2. Unprecipitated protein was dissolved out, and the gels were 
placed in NSE substrate solution to reveal immunoprecipitation 
bands containing NSE 

Immunofluorescence of cells was accomplished by testing dilu- 
tions of sera, Cells on slides were fixed at 4°C with acetone-methanol 
(1:1) for 60 seconds and washed in PBS. They exhibited only very 
weak autofluorescence. Diluted rabbit antisera was added for | hour. 
washed off, and followed by a dilution (1:40) of goat anti-rabbit 
immunoglobulin (heavy and light chains) (Cappel, Malvern, PA) 

Mol wt estimation. Sodium dodecyl sulfate (SDS) polyacryl- 
amide “disc” gels were prepared according to the Laemmli method 
The stacking gel was made to 4% acrylamide, and the spacer gel was 
7.5%. Samples were preincubated overnight with 0.1% SDS in pH 
6.8 Tris-glycine. The gels were run until the bromophenol blue 
marker left the gel (~20 hours at 20 mA constant current). Protein 
standards included bovine serum albumin (BSA) (66,000), j- 
galactosidase (115,000), immunoglobulin G (IgG) (150,000 to 
180,000) and thyroglobulin (690,000) 

Gel filtration determination of mol wt was performed with G-200 
Sephadex and Sephacryl S-300. PBS was the eluant. The ratio of the 
elution volume and the void volume were linearly correlated with the 
logarithm of the protein standards mol wt. Protein standards 
included BSA (66,000), yeast alcohol dehydrogenase (150,000), and 
B-amylase from potato (200,000) 


RESULTS 


IEF. \EF separated the isozymes from the other more 
acidic cellular protein. Analytical IEF revealed that the 
region exhibiting the NSE staining contained ~1% to 2% of 
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Fig 3. Isoelectric focusing 
(IEF) of CTAB extract from 
patient 1 comparing nonspe- 
cific esterase (NSE) (A) and 
Coomassie (B) staining. The 
left lane in (B) is the same 
CTAB extract. The right lane is 
a second CTAB extraction of 


A the same cells. 





the total Coomassie staining (Fig 3). Different sets of NSE 
bands (Fig 4) were obtained from live cells briefly extracted 
with different detergents or from cells first subjected to 
freezing. 

Brief extraction with CTAB of live cells from patient 1 (2 
minutes) yielded two IEF “doublet” bands with esterase 
activity at pl 6.0 through 6.1 and 6.2 through 6.3 (Fig 4). 
These cells were mostly intact as judged by electron micros- 
copy and the low lactate dehydrogenase (LDH) content of 
the extract. These apparent “doublets” were accompanied at 
pH 5.7 through 5.9 by four bands of weak to strong activity 
when exposure to detergent was >10 minutes (Fig 4B and 
C). The pl 6.2 through 6.3 doublet was absent in cells 
extracted with Triton X-100 (Fig 4C). Longer CTAB 
extracts (20 to 30 minutes) of live cells, brief CTAB extracts 
of thawed leukemic cells (frozen in bulk) from patient | or 
cells briefly extracted (2 minutes) by 1% Triton X-100 also 
displayed a weakly reactive group of six pl > 6.3 doublet 
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Fig 4. Comparison of representative nonspecific esterase 
(NSE) staining in IEF gels of: (A) Short extraction (2 to 5 minutes) 
with CTAB, patient 1; (B and C) longer extractions (10 minutes) 
with CTAB and short extractions (3 to 5 minutes) with Triton 
X-100, patient 1; (D) longest extractions (20 to 30 minutes) with 
CTAB, all extracts from frozen cells, and longer extraction (10 
minutes) with Triton X-100, patient 1; (E) cells extracted with 
CTAB a second time, patient 1; (F) short extractions (2 to 5 
minutes) by CTAB or Triton X-100, patient 2; (G) short extraction 
(2 to 5 minutes) by CTAB of normal monocytes. Dotted lines 
indicate weaker activity. 
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bands (Fig 4D) as well as greater LDH activity. These were 
located at pH 6.60, 6.75, 6.90, 7.05, 7.20, and 7.45 + .05. 
Cells reextracted with CTAB yielded only the pl > 6.3 
isozymes, but they did so with greater activity (Fig 4E). 
Leukapheresed cells of patient 2 contained more 0.1% 
CTAB-soluble pl > 6.3 isozymes than did the cells from 
patient | (Fig 4F). One short extraction (2 to 5 minutes) was 
sufficient to solubilize nearly all the NSE activity. In IEF 
gels stained with Coomassie R-250, the pl > 6.3 isozyme 
bands exhibited a degree of protein concentration similar to 
that exhibited by the more acidic bands. In contrast to these 
results with the leukemic cells, extraction of normal mono- 
cytes (Fig 4G) yields only the pl 5.7 through 6.3 bands after 
either 0.1% CTAB or 1% Triton X-100. 

Preparative IEF enabled separation of the leukemic iso- 
zymes from patient 2 into 2 acid pH regions, 5.7 through 6.0 
and 6.0 through 6.3, each containing 4 bands, and 6 neutral 
regions corresponding to the 6 neutral isozyme doublets. 
After elution, these preparations were used to test substrate 
and antisera specificities (see below). 

That all the isozymes were glycosylated to some degree is 
evident from the ability of Sepharase-Con A to bind com- 
pletely all esterase isozymes from CTAB or Triton X-100 
extracts. No difference in binding was exhibited by the 
different isozymes. The binding of all isozymes was com- 
pletely reversed by mannose or glucose. The bound enzyme 
retains considerable activity when bound to Sepharose-Con 
A even after storage for | year at 4°C. Other lectin-affinity 
chromatography preparations, such as agarose-bound peanut 
agglutinin or Lotus tetraglonobus agglutinin, did not bind or 
inactivate the enzyme. In contrast, serum cholinesterase, 
which also hydrolyzes a-naphthyl acetate, was not bound by 
Sepharose-Con A. 

Plasmalemmal 5’ nucleotidase, cytoplasmic lactic dehy- 
drogenase, and acid phosphatase (AcP) of lysosomal origin 
were present in all preparations. The latter two enzymes were 
up to fivefold more active or abundant in the most extensive 
extractions as compared with the shortest CTAB extractions. 
Most additional solubilized protein in extensive extractions 
was present in a range between pl 4 and 5.5. 

Inhibitors. PMSF, a serine active site inhibitor, is an 
effective inhibitor of solubilized NSE. Activity in the crude 
extracts was totally inhibited by 50 mmol/L of NaF, 0.1 
mmol/L of PMSF, and pH < 4.5. The Ix dose of PMSF 
varied between 10 and 25 umol/L depending on the batch. 

A degree of differentiation emerged between the pl 5.7 
through 6.3 and the pl > 6.3 isozymes in the type of 
inhibition by PMSF. The inhibition of the neutral isozymes 
by PMSF was reversed by IEF. These results could be 
explained by low-affinity noncovalent inhibition of the neu- 
tral isozymes, reversed as inhibitors were separated from 
enzyme by the IEF. The inhibition of all bands by NaF was 
reversed by IEF. 

Neostigmine (10 to 15 mmol/L) inhibited isozymes pl 5.7 
through 6.3 30% to 50% when tested with a-naphthyl 
butyrate in the pH range of 5 through 6. No inhibition of the 
isozymes was observed in the pH range of 7 through 8. By 
comparison, serum cholinesterase was inhibited by micromo- 
lar amounts, as expected. 
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Various other compounds were tested as inhibitors of 
a-naphthyl acetate/butyrate hydrolysis. These have in- 
cluded a wide range of natural and artificial protease and 
phospholipase inhibitors, none of which had significant 
effect. Sulfhydryl reducing agents such as dithiothreitol, 
B-mercaptoethanol and p-chloromercuribenzoate; Ca** / 
Mg? chelators like EDTA and EGTA; urea up to 8 mol/L; 
metal ions like Fe**, Fe?*, Ni?*, and Mn’; and the oxidase 
inhibitor sodium azide all had no effect on soluble or cell 
associated esterase activity. Isozymes of pl 5.7 through 6.3 
were sensitive to 50°C, whereas most pl > 6.3 forms were 
denatured only after heating to 62°C. These results with 
solubilized enzyme were cytochemically duplicated by simi- 
lar treatment of leukemic and normal monocytes. Prefixation 
of the cells with 0.25% glutaraldehyde decreased the sensitiv- 
ity of the cellular enzymes to heat. Freezing at ~— 20°C 
completely preserved the extracted esterase. Dialysis to 
remove the detergent did not affect activity or the pattern of 
bands in IEF. 

Substrate specificities. We measured the reaction kinet- 
ics of the isozymes with a-naphthyl acetate and butyrate at 
pH 6, pH 7, pH 7.5 and pH 8.5. The leukemic isozymes were 
separated by preparative IEF as described above. The results 
are presented in Fig 5 and represent the median of 
three experiments in which relative absorbance was plotted 
against pH. 

In general, all isozymes, like the crude extract, displayed 


“il 





ost | 
| 
? 
0.2 | | 
| | iy * 
$ 
l 
l 
Ol T. 
ff 
| 
e | 
L 
A pH6 7 8 BpH6 7 8 
Fig 5. Plot of absorbance of esterase reaction product (mea- 


sured 500 nm) after 60 seconds (ordinate) as the pH was varied. 
These graphs represent the average from three experiments of 
the initial absorbance of each of the separated subgroups of 
isozymes (described in the Results section) subsequently compiled 
into the pl 5.7 through 6.3 (C1) and the pi > 6.3 (@) isozyme 
families. The behavior of the enzymes was compared with the 
a@-naphthyl acetate (A) and butyrate (B) substrates. The activity of 
both families is approximately the same, with a peak around pH 
8.5. The activity at pH 9 is approximately one-half that at pH 8.5, 
whereas at pH 9.5 there is only weak activity (data not shown). 
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greatest reactivity between pH 7.5 and 9.0, with an optimum 
at ~pH 8.5. All isozymes were inactive at pH 9.5 with 
half-maximum reactivity at pH 9.0 (data not shown). 
Extracts from normal monocytes behaved very much like the 
isozymes from leukemic cells. Cytochemically demonstrated 
NSE exhibited a broader pH optimum from pH 6 to pH 9. 

The substrate a-naphthyl butyrate was the most preferred 
by all isozymes from both normal and leukemic cells, 
followed in order by a-naphthyl acetate, proprionate, valer- 
ate, and caproate. The caproate ester had ~25% the activity 
of the butyrate as assayed with the crude extract. In IEF 
gels, the caproate ester was preferentially cleaved by the pl 
6.0 isozyme doublet. Crude extract and eluted isozymes of pl 
5.7 through 6.0 and 6.0 through 6.3 can also hydrolyze 
a-naphthyl caprylate, Jaurate, and myristate, but at ~1% to 
2% of the rate of a-naphthyl butyrate, even in a detergent 
solution. 

Mol wt. Gel filtration with Sephadex G-200 or Sepha- 
cryl S-300 demonstrated that esterase isozymes exist as units 
of 50,000 + 10,000 daltons, which can form aggregates of 
~550 kd, presuming that the aggregate is roughly spherical. 
Aggregates were observed in concentrated solutions of 
enzyme (after Sepharose-Con A purification) in PBS and 
when crude detergent extracts were eluted through the 
columns with PBS. No aggregates were observed when 
extracts were eluted with detergent solution. IEF showed 
that the low mol wt fractions from PBS-eluted filtrations 
were composed of predominantly acid isozyme activities. 
High mol wt aggregates contained predominantly neutral 
isozymes. The gel staining was measured only qualitatively. 

Discontinuous gel electrophoresis with 0.1% SDS revealed 
esterase activity only at 150 + 10 kd, regardless of whether 
crude detergent extract, Sepharose-Con A purified enzyme, 
or the 500- to 600-kd G-200 fractions were applied. Because 
only the activities of pl > 6.3 isozymes survive prolonged 
exposure to 0.1% SDS, as judged by IEF of crude extract and 
gel filtration fractions, the 50-kd isozyme monomers (pre- 
dominantly acid isozymes) could not be visualized with the 
enzymatic reaction. Because of the remaining contamination 
with other proteins, even with partially purified preparations, 
Coomassie staining of protein was not used to localize the 
NSE. 

Antisera. Partially purified extract (composed entirely 
of pl 5.7 through 6.3 isozymes) from patient | was used for 
immunizing rabbits. The antiserum produced two immuno- 
precipitin bands containing NSE activity in immunodiffu- 
sion assays against the CTAB extract from patient |. Ina 
similar assay, the extract of the leukemic monocytes from 
patient 2 exhibited one NSE-positive immunoprecipitin band 
that possessed an are of identity with the major band of 
patient 1 (Fig 6). Immunodiffusion assays using enzyme 
extracts produced with different detergents (0.1% CTAB, 
0.1% CHAPS, 1% Triton X-100) yielded equivalent arcs of 
identity (Fig 6). 

Detergent extracts of normal human Ficoll-Hypaque- 
purified mononuclear cells or fibronectin-purified adherent 
cells also possess an arc of identity with the esterase from the 
leukemic cells (Fig 6). Isozymes separated from preparative 
polyacrylamide-agarose IEF gels, however, did not react 
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Fig 6. Immunoprecipitation reaction between rabbit anti-pl 
5.8 through 6.3 nonspecific esterase (NSE) isozymes (center well) 
and: CHAPS extract of leukapheresed cells from patient 2 (A), 
Triton X-100 extract of cells from patient 2 (B), CTAB re-extract 
of extracted cells from patient 1 (C), CTAB extract of patient 2 (D), 
CTAB extract of patient 1 (E), CTAB extract of normal monocytes 
(F and H), Triton X-100 extract of cells from patient 1 (G), CTAB 
extract of cells from patient 2 (J), and CTAB extract of cells from 
patient 1 (K). No spurs are present, indicating the similar identity 
of the different extracts 


equally with rabbit antisera in immunodiffusion plates. Only 
the pl 5.7 through 6.0 and 6.0 through 6.3 fractions produced 


NSE-reactive immunoprecipitin bands, exhibiting an are of 


identity with one another (Fig 7). The lack of immunoprecip- 
itation reaction with the more neutral bands may be due to 
the specificity of the rabbit sera immunized with the pl 5.7 
through 6.3 isozymes. A different method of analysis, IEF of 
the isozymes not adsorbed by antisera bound to Sepharose- 
protein A, revealed the selective loss of the pI 5.7 through 6.3 
NSE bands. Thus, there appears to be a difference in the 
antigenic specificities of pl 5.7 through 6.3 isozymes v those 
with pI > 6.3 

Commercially available antibodies were tested with the 
extracts. There was no reactivity of NSE with rabbit anti- 
human serum cholinesterase (Dako, C openhagen) and goat 
anti-human C4, C3, or Cl (Sigma). Conversely, immune 
rabbit serum did not react with serum or erythrocyte cholin- 
esterases or with thyroid esterase. This correlated with the 
different characteristics of these esterases, including dif- 
ferent inhibitor specificities and lack of binding to Sepha- 
rose-Con A. The rabbit antiserum did react with a detergent 
extract of human liver 

Affinity chromatography gels of combined monoblastic 
leukemia isozymes (derived from Triton X-100 extracts) 
attached to Sepharose were able to bind the rabbit antisera. 
Exposure of those gels to pH < 4.5 destroyed esterase activity 
and, concomitantly, the ability to bind the antisera. 





Fig 7. Comparison of immunoprecipitetion reaction between 
rabbit anti-pl 5.8 through 6.3 isozymes (center well) and the pl 5.7 
through 5.9 (A), pl 6.0 through 6.3 (B), and six pl > 6.3 isozymes (C 
through H). The antiserum reacted only with the pl 5.7 through 6.3 
isozymes. 
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Cellular specificity of the antisera was also tested. Dilu- 
tions of 1:40 were most effective without too much back- 
ground. Leukapheresed cells from patient 2 (Fig 8A) were 
~90% fluorescent, which matched the proportion of NSE 
stained cells. Much of the reactivity was probably intracellu- 
lar. Adherent normal monocytes (Fig 8B) were 50% to 90% 
positive, depending upon the degree of lymphocyte contami- 
nation. Cytocentrifuged nonadherent lymphocytes (Fig 8C) 
were <10% positive, correlating with the number of contami- 
nating NaF-sensitive NSE-positive cells, possibly non 
adherent monocytes 


DISCUSSION 


Leukapheresed mononuclear phagocytes from two 
patients with acute monocytic leukemia were extracted with 
detergent to study the solubilized NSE. On the basis of our 
data, the detergent extractable NSE of the leukemic mono- 
blasts from two patients are separable into two families: the 
six acid isozymes comprising the pl 5.7 through 6.3 group 
7.45. The 
common features of both families of enzymes include inhibi- 
tion by fluoride ion and PMSF, sensitivity to pH < 5, a 
similar degree of binding to Sepharose-Con A, unit mol wt of 
50 + 10 kd, and similar substrate specificities and pH 


and the six neutral isozymes with pl 6.60 through 


optima. The distinguishing features of the two groups of 
isozymes include resistance to elevated temperatures and to 
0.1% SDS denaturation, lack of covalent bonding by PMSF 
to the pl > 6.3 isozymes, and different antigenicity. One 
further distinguishing feature is our observation that normal 
monocytes and macrophages (corroborating results of Para- 
wesch and colleagues*) possess only the acid isozymes that 
we find to be antigenically identical to the acid isozymes 
from leukemic monocytes. 

The characteristics of these isozymes are remarkably 
similar to the liver carboxyl esterases (EC 3.1.1.1). Indeed, a 
portion of the liver isozymes in most studies was probably 
contributed by Kupffer cells, which are mononuclear phago- 





Fig 8. 
(90% NSE+, OKMI+) pheresed from patient 2 fluoresce after 
treatment with 1:40 rabbit anti-NSE serum followed by 1:40 
fluoresceinated goat anti-rabbit immunoglobulin. Much of the 
Staining is probably cytoplasmic. Original magnification x500; 
current magnification x375. (B) Adherent normal monocytes 
were 50% fluorescent in this experiment, which correlated with 
the number of contaminating lymphocytes present. Original mag- 
nification x500; current magnification «375. (C) Adherence- 
purified lymphocytes from normal donors exhibited 5% to 10% 
bright fluorescence. A number of ceils displayed a weak fluores- 
cence. Original magnification x 500; current magnification x375. 


(A) Approximately 90% of the monocytic leukemia cells 
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cytes. Like the esterase in our extracts, carboxyl esterases 
are, by working definition, inhibited by organophosphates 
but not by the acetyl-cholinesterase inhibitor, eserine, or by 
sulfhydryl reagents. Relatively concentrated eserine was 
inhibitory, although that concentration also inhibits neutro- 
phil chloroacetate esterase.'? Temperature and fluoride sen- 
sitivity and pH optimum of beef liver esterases studied by 
Wynne and co-workers! were also similar to our extracts. 

Ecobichon"? demonstrated the presence in human liver of 
180- and 65-kd forms of carboxylesterase which existed in 
the monomeric form below pH 4.5. Horgan and colleagues'* 
and Krisch and Krisch,’* using a variety of biochemical and 
electron microscopy techniques, showed that pig liver ester- 
ase is a 55- to 60-kd unit that can associate as a trimer of 160 
kd. Our data indicates a similar unit mol wt in detergent. 
Without detergent, the pl > 6.3 isozymes polymerized to 
form a large aggregate of 550 kd, presuming a spherical 
shape on gel filtration. In 0.1% SDS gels, this ran as an 
apparent trimer of 150 kd with weak esterase activity. The pl 
5.7 through 6.3, 50-kd forms of the enzymes were apparently 
inactivated by 0.1% SDS. 

That all NSE is bound by Con A and is, therefore, 
glycosylated is evidence of cell surface or Golgi-endoplasmic 
reticulum lysosome (GERL) localization. In mature mono- 
cytes, it has been found only on the cell-surface.’ The neutral 
to alkaline pH optima of both acid and neutral isozymes is 
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consistent with esterase placement on the cell surface similar 
to macrophage plasminogen activator and elastase. Because 
the pH of macrophage phagosomes rises toward pH 8 
immediately prior to lysosome fusion,’® some of the cell 
surface proteases and NSE isozymes may have a special 
function during this early step of internalization. Esterase 
isozymes may also have a function in pinocytosis since we 
have observed, with electron microscopy, the presence of 
cytochemical reaction product in pinosomes (unpublished 
observations, August 1982). 

Curiously, the pattern of esterase isoelectric points from 
leukemic monocytes closely resembles the pattern of platelet 
(and, presumably, megakaryocyte) esterase described by 
Radzun and colleagues’? and Parawesch and co-workers. 
Because no platelets were present in the leukemic monocyte 
preparations, there may be some developmental relationship 
between monocytes and megakaryocyte/platelet bone mar- 
row precursors. One subset of myeloid stem cells, colony- 
forming units, develops into colonies containing granu- 
locytes, monocytes, and megakaryocytes. Platelets and 
monocytes do have other cell surface products in common, 
including complement and fibrin cascade components and fi- 
bronectin. Distribution and sharing of esterase isozymes 
among the various types of leukemias and lymphomas could 
prove to be a valuable tool in the pursuit of normal and 
disturbed bone marrow lineage and function. 
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Human Plasma Protein Z Antigen: Range in Normal Subjects and 
Effect of Warfarin Therapy 


By Joseph P. Miletich and George J. Broze, Jr 


in contrast to the other well-studied vitamin K-dependent 
proteins that circulate in plasma, protein Z antigen is much 
more variable. The concentration in plasmas collected in 
EDTA from 455 normal, healthy donors is normally distrib- 
uted with a mean of 2.9 ug/mL (46 nmol/L) and a SD of 1.0 
ng/mL (95% interval of 32% to 168% of the mean). No 
significant correlation to age or sex could be detected. In 
comparison, the concentration of protein C antigen mea- 
sured with the same type of assay on the same 455 
samples has a log normal distribution with a mean of 4.0 
ug/ml (65 nmol/L) and a 95% interval of 70% to 138% of 
the mean. Also in marked contrast to other plasma vitamin 
K-dependent proteins, the total protein Z antigen level is 
extremely low in patients on stable warfarin therapy 


E PREVIOUSLY described’ the purification and 

characterization of a warfarin-sensitive protein 
found in human plasma. Its apparent mol wt, amino acid 
composition, amino-terminal sequence, and chromato- 
graphic properties are very similar to the bovine protein 
isolated by Prowse and Esnouf and named protein Z? No 
physiological function for either the bovine or the human 
protein has yet been discovered. The complete amino acid 
sequence of the bovine protein has recently been reported by 
H¢rjup and colleagues’ and reveals extensive homology to 
the vitamin K-dependent coagulation factors, including 13 
Gla residues within the NH,-terminal 40 residues and one 
G-hydroxyaspartic acid at position 64. Within the region 
homologous with the family of serine proteases, however. 
bovine protein Z, like haptoglobin, does not have an active 
site serine (changed to alanine) or an active site histidine 
(changed to threonine). This is consistent with an inability to 
activate either human or bovine protein Z toa serine protease 
by limited hydrolysis. *? 

To aid in the purification and characterization of human 
protein Z, we developed six murine monoclonal antibodies. 
Two of these were used to construct a very sensitive, repro- 
ducible, and rapid immunoassay using methods and instru- 
mentation applicable to virtually any immunoassay if appro- 
priate reagents are available. Here we report the wide range 
of concentrations of protein Z antigen found in the plasmas 
of normal, healthy subjects as well as the profound decrease 
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{range 1% to 16% of normal). Moreover, even though 
>95% of the antigen in normal plasmas adsorbs to barium 
citrate (a crude reflection of the presence of y-carboxy- 
glutamic acid (Gla) residues), in the patients taking war- 
farin almost all of the small amount of the antigen failed to 
adsorb, suggesting that virtually no protein Z had its full 
complement of Gla residues. Total protein C antigen in the 
same 25 patients averaged 53% of normal (34% to 72%) 
and 54% (average) of the total remaining antigen still 
adsorbed to barium citrate. The concentration of protein Z 
antigen in the plasma of a normal individual given a loading 
dose of warfarin fell at an initial rate of ~20% a day, 
indicating a plasma half-life (t'/.) of 2 to 3 days. 

© 1987 by Grune & Stratton, Inc. 


in antigen in patients on stable warfarin therapy, beth of 
which are not characteristic of the other well-studied warfa- 
rin-sensitive proteins.*® Data on protein C antigen concen- 
tration in these same samples, which is much more typical of 
the other members of this protein family, was measured as 
part of a separate study and is included for direct compari- 
son. This information is important background in the con- 
tinued search for the function of protein Z. 


MATERIALS AND METHODS 


Materials. Affigel-10 was purchased from Bio-Rad Laborato- 
ries (Richmond. CA), and cyanogen bromide-activated Sepharose 
4B, Sephacry! $-300, and Sephadex G-25 were obtained from 
Pharmacia Fine Chemicals (Piscataway, NJ). Repligen (Cam- 
bridge, MA) was the source of recombinant Protein A. Bovine serum 
albumin (BSA), goat anti-mouse IgG alkaline phosphatase conju- 
gate, Trizma base, fluorescein isothiocyanate (FITC), and latex 
beads (0.8 um) were bought from Sigma Chemical (St Louis). 
Dulbecco’s modified Eagle's medium L-glutamine, nonessential 
amino acids, penicillin/streptomycin, and bovine and horse sera 
were obtained from KC Biological (Lenexa, KS). Epicon assay 
plates. Ep:con Performance Verification Particles, and Epicon Ref- 
erence Particles (590/620 nm) were purchased from Pandex Labo- 
ratories (Mundelein, IL). All other chemicals were reagent grade or 
better and came from Sigma or from Fisher Scientific (Pittsburgh). 

Plasmas. Plasma samples used to determine the distribution of 
protein Z antigen in the normal population were collected from 
Participants in health fairs, in 5-mL Wacutainer tubes (Vacutainer 
Systems, Rutherford, NJ) that contain 48 uL of 15% K, EDTA 
anticoagulant. Cells were removed by centrifugation at 3,000 g for 
15 minutes and the plasmas were quick-frozen at ~ 85°C. Serum was 
also obtained for routine chemistries. Subjects were considered 
normal if no more than three of the following laboratory tests were 
further than 2 SD from the normal mean and all results were within 
3 SD of the mean: electrolytes (sodium, potassium, chloride, and 
total CO,}; standard blood chemistry (blood urea nitrogen, creati- 
nine, total bilirubin, uric acid, glucose, total calcium, serum phos- 
phate, total protein, albumin, and cholesterol); enzymes (alkaline 
phosphatase, y-glutamyl transpeptidase, aspartate aminotransfer- 
ase, total lactate dehydrogenase, and creatine kinase); and routine 
hematology (erythrocyte count, hemoglobin, packed RBC volume, 
mean corpuscular volume, mean corpuscular hemoglobin, mean 
corpuscular hemoglobin concentration, RBC distribution width, 
WBC count, lymphocyte count, monocyte count, granulocyte count, 
platelet count, and mean platele: volume). Subjects also answered a 
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questionnaire; there was no indication of concurrent antibiotic 
usage, liver disease. anticoagulant therapy, or hemorrhagic or 
thrombotic disorders in any of the individuals included in this study. 
Participants were informed that their blood samples would be used 
in normal range studies; samples and histories were identified only 
by a coded number and not by name to insure confidentiality. 

Plasma samples from blood donors randomly selected during a 
3-week interval were generously provided by Dr Laurence Sherman 
of the St Louis Bi-State Chapter of the American Red Cross. After a 
unit of blood is collected from a donor, one sample for serum and one 
for cells and plasma (EDTA anticoagulant) are routinely taken 
(using Vacutainer tubes and a separate port of the same line) for 
testing at the Red Cross. The anticoagulated samples that were 
processed within 24 hours from the time of collection and that were 
of no further interest to personnel at the Red Cross, from donors with 
no evidence of infectious disease, were used to recover plasmas as 
described above. Samples were identified only by a bar-coded 
number and were not identified in any manner by donor name. 
Because donors must wait at least 8 weeks between donations, all 
samples were from different persons. The first day’s samples 
(n = 429) were pooled (1.0 mL from each) and aliquotted as a 
normal control standard; samples from subsequent days were indi- 
vidually analyzed. 

Citrated plasma samples from 25 outpatients taking warfarin for 
various cardiac abnormalities were recovered from blood sent to the 
clinical hemostasis laboratory for routine monitoring of the pro- 
thrombin time. Each patient’s record was checked to insure that 
therapy had been continuous and uneventful for at least 6 months 
with no medical intervention for other illnesses. 

Four different lots of pooled normal plasma (citrate anticoagu- 
lant, 20 donors) were obtained from George King Biomedical 
(Overland Park, KS). 

Plasma containing <1% protein Z was prepared by immunoad- 
sorption using either monoclonal antibody HZ-! or HZ-7 attached 
to Affigel-10 at a concentration of ~10 mg/mL according to the 
manufacturer’s directions. Five-milliliter (1.1 x 5 cm) columns of 
the immunoadsorbant were equilibrated in normal saline buffered 
with 20 mmol/L of Tris at pH 7.4. Ten milliliters of unbuffered 
saline followed by 25 mL of pooled normal plasma (George King 
Biomedical) was passed through the columns at rates of 1 mL an 
hour for HZ-1 and 5 mL an hour for HZ-7. The saline and the first 5 
mL of plasma eluted were discarded; the next 17 mL were pooled. 
Neither plasma had any detectable protein Z antigen as compared 
with a buffer control as measured with the standard two-site assay or 
the barium citrate adsorption assay (using either monoclonal anti- 
body) as described below. In addition, both plasmas were free of 
protein Z antigen as assessed by Western blot analysis using a 
polyclonal antibody (raised in a goat) with a sensitivity of 0.1 ng 
(<1% of normal plasma given the 5 uL vol tested). 

Estimates of affinity constants. Two methods were used. In the 
first (the free antigen method), antibody was held constant at a 
concentration known by trial to be close to its Ky. Purified protein Z 
(in Tris-buffered saline containing 100 g/mL bovine serum albu- 
min, BSA) was varied from roughly one-fifth Ka to 5 x Ky. After 
incubation for sufficient time to establish equilibrium at the lowest 
antigen concentration, latex particles coated with goat anti-mouse 
IgG were added in large excess (enough to adsorb at least 5 times the 
amount of mouse antibody present in 10 minutes). Monoclonal 
antibody specific for protein C was used to correct for nonspecific 
adsorption of protein Z. After removal of the particles by centrifuga- 
tion at 12,000 g for | minute, the concentration of antigen in the 
supernatant samples was determined using the standard assay 
described below. Bound antigen was calculated and K, was esti- 
mated from the intercept of a double-reciprocal plot. The second 
method (sequential saturation) was essentially the same except that 
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incubations were set up (replicates of eight) in Epicon plates and the 
Screen Machine added the goat anti-mouse particles. Two minutes 
before collection of the particles, FITC-labeled protein Z was added 
to each well. With this method, bound fluorescence is proportional to 
the concentration of free antibody sites. Background fluorescence 
was determined from wells containing no monoclonal antibody, and 
the fluorescence corresponding to the total concentration of antibody 
sites was determined from wells containing no unlabeled protein Z. 
Calculations were performed on the IBM PC using software sup- 
plied by Pandex Laboratories (Mundelein, IL), but essentially 
involve Scatchard analysis of the bound and free concentrations, 
assuming that the labeled probe does not significantly alter the 
equilibrium protein Z and the antibody during the 2-minute pulse. 

Monoclonal antibodies. Standard methods for immunizing 
Balb/C mice, fusing splenic WBCs to Sp 2/0-Ag14 mouse myeloma 
cells with polyethylene glycol (PEG), and isolating hybridomas with 
selective growth media were followed. Supernatant samples were 
tested with an enzyme-linked immunosorbent assay (ELISA) using 
goat anti-mouse IgG conjugated to alkaline phosphatase and wells 
coated with protein Z, protein C, protein S. factor IX, or prothrom- 
bin. Cell lines positive and specific for protein Z were subcloned on 
soft agar; positive subclones were subjected to at least one freeze / 
thaw cycle. Surviving hybridomas that still secreted specific anti- 
body to protein Z after several weeks in culture were selected for 
further characterization. 

Proteins. Protein Z and thrombin were isolated as previously 
described.'’ Thrombin-treated protein Z was prepared by incubat- 
ing 1.0 mg/mL of protein Z with 70 ug/mL of a-thrombin in 0.1 
mol/L of NaCl, 20 mmol/L of Tris. pH 8.0, for 3 hours at 37°C. The 
thrombin-cleaved protein Z (Z,) was separated from both thrombin 
and uncleaved protein Z by chromatography using a Pharmacia fast 
protein liquid chromatography (FPLC) Mono Q column equill- 
brated in 0.1 mol/L of NaCl, 20 mmol of MES. pH 6.5, and 
developed with a linear NaCl gradient. 

Murine monoclonal antibodies were purified from ascites using 
protein A-Sepharose 4B prepared from recombinant protein A and 
cyanogen bromide activated Sepharose 4B, according to the manu- 
facturer’s instructions (2.5 mg protein A per mL of packed gel). IgG 
was eluted with 0.1 mol/L of sodium citrate, pH 3.5, dialyzed 
against 0.1 mol/L of NaCl, 10 mmol/L of HEPES, pH 7.5, and 
stored at — 85°C. 

Proteins to be fluorescein-labeled were dialyzed against 0.1 mol/L 
of sodium phosphate, pH 7.4, and adjusted to a concentration of | 
mg/mL. FITC was dissolved in freshly prepared 0.5 mol/L of 
sodium carbonate, pH 9.5, at a concentration of 0.8 mg/mL and 
added to the antibody at a ratio of 1:4 (vol/vol). After 2 hours of 
gentle mixing at room temperature, the labeled protein was sepa- 
rated from unbound fluorescein by chromatography through at least 
5 vol of Sephadex G-25, equilibrated in 0.15 mol/L of NaCl, 20 
mmol/L of Tris, pH 7.4. The molar extinction coefficient for FITC 
was taken to be 80,000 at 495 nm; the concentration of protein was 
calculated from the optical density at 280 nm after subtraction of 
0.35 times the optical density at 495 nm to correct for the fluores- 
cein. using an extinction coefficient of 14.5 for antibodies and 12.0 
for protein Z. Between 5 and 12 mol of fluorescein were incorporated 
per mol of protein by this method. 

Instrumentation. Plasma samples were handled with a Tecan 
model 505 Robotic Sample Processor (Tecan US, Chapel Hill, NC), 
The precision of pipetting 5.0 uL was >1% over a wide range of 
plasma viscosities; the drawn Teflon pipetting tip was washed inside 
and out with 2.0 mL of saline between samples, and no carryover 
could be detected. A 96-well Epicon assay plate can be loaded with 
standards, samples, and controls in <15 minutes; care was taken to 
guard against sample evaporation even within this short time. 

Sample analysis was performed with a Screen Maghine (Pan> 
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dex). The well-to-well coefficient of variation for all steps of particle 
and reagent addition, separation, washing, and quantitation as 
determined by using latex particles impregnated with fluorescent 
dyes is 4% to 8% for single-channel fluorescence and <2% when the 
ratio of fluorescence in two channels is calculated using reference 
particles. Raw data were transmitted to an IBM PC for storage and 
processing, using software supplied by Pandex. Linear regression 
coefficients were calculated using the least-squares method. 

Assays, Standards for assays of protein Z antigen in plasma 
were prepared by combining purified protein Z (1.12 mg/mL) and 
the pooled plasma that had been depleted by immunoadsorption in 
appropriate volumes to give final concentrations of 0, 1, 2, 4, and 6 
ug protein Z/mL, 100-uL aliquots were stored at ~ 85°C and were 
discarded after a single day's use. 

For the standard assay of total protein Z, plain latex particles 
(0.5% wt/vol) mixed with reference particles (0.01% wt/vol) were 
coated with monoclonal antibody HZ-7 (100 ug/mL) in 0.1 mol/L 
of sodium phosphate, pH 5.5, for 2 hours with gentle agitation at 
room temperature, and then stored for up to 2 weeks at 4°C. Just 
prior to use, the required volume of coated particles was collected by 
centrifugation for 2 minutes at 12,000 g; the supernatant was 
replaced with twice the volume of TBSA. The coated particles were 
thoroughly dispersed in an ultrasonic bath. Five microliters of 
plasma sample diluted with 15 aL of TBSA were placed in the 
Epicon assay wells. The coated particles (20 plL) were added to each 
well by the Screen Machine, followed 10 minutes later by 20 L of 
fluorescein-labeled monoclona! antibody HZ-1 at a concentration of 
10 pg/mL in TBSA. After an additional 20-minute incubation, the 
particles were collected on the filters, washed twice with 50 uL of 
Tris-buffered saline and analyzed for bound fluorescence. All reac- 
tions were at room temperature. Separate experiments demonstrated 
that the reaction of both antibodies with protein Z was >90% 
complete in 10 minutes under the assay conditions. Further increase 
in signal was negligible at longer incubation times. The actual timing 
of addition of the reagents partially reflects a minimization of total 
assay time for the instrument, which can handle up to ten plates in 
the same batch. 

For the assay of barium-adsorbable antigen, 20 uL of the appro- 
priate fluorescein-labeled antibody (or antibodies) at a concentra- 
tion of 10 ug/mL in buffer containing 75 mmol/L of sodium citrate, 
40 mmol/L of NaCl, and 100 ug/mL BSA, pH 7.4, was added to 
samples diluted as above, followed in 20 minutes by 20 uL of 150 
mmol/L of BaCl, After 5 additional minutes, the barium citrate 
particles were collected, washed once with 50 uL of buffer (50 
mmol/L of BaCl, 100 mmol/L of NaCl, 20 mmol/L of Tris at pH 
7.4) and analyzed for bound fluorescence. These conditions were 
found to “capture” >95% of the vitamin K-dependent antigens 
reproducibly whether the plasma was initially anticoagulated with 
citrate or EDTA. Reference particles could not be included as an 
internal standard, however, since they interfered in an unknown 
manner with the formation of barium citrate particles that were 
retainable by the filters. 


RESULTS 


Characterization of monoclonal antibodies. Six hybrid- 
omas from three separate fusions survived storage in liquid 
nitrogen and continued to secrete specific antibody in long- 
term culture. Each antibody was evaluated for cross-reactiv- 
ity with the other antibodies, for affinity toward protein Z 
and apparent kinetics, and for its ability to retain reactivity 
when labeled with FITC or when bound to latex particles. 
One antibody (HZ-1) was clearly superior as an FITC- 
labeled probe for detecting bound protein Z; HZ-7 had the 
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best characteristics for a “capture” antibody and was not 
cross-reactive with HZ-1. Both antibodies are IgG,-«. The 
estimates of K, were 4.6 x 10’ and 5.7 x 10’ mol/L’ ', and 
5.2 x 10° and 2.7 x 10° mol/L~! for HZ-1 and HZ-7, 
respectively, by the free antigen and the sequential satura- 
tion methods (described in the Materials and Methods 
section) Both antibodies are specific for protein Z by 
Westera blot analysis of plasma (data not shown) and detect 
only protein Z in the protein fraction adsorbed from plasma 
with barium citrate (see below). By Western blot, these 
antibodies also recognize Z,, which is missing the NH- 
terminal Gla-domain (described in Discussion sectian) and 
migrates slightly faster in the sodium dodecyl sulfate- 
polyacrylamide gel electrophoresis (SDS-PAGE) system. 
Assays for human protein Z. The two antibodies were 
used as described in the Materials and Methods section ina 
two-site particle concentration immunoassay. The data 
shown in Fig | demonstrate that (a) fluorescence is directly 
and linearly proportional to the concentration of purified 
protein Z whether it is diluted in buffer or in the plasma 
immunodepleted of protein Z, and (b) that the protein Z in 
pooled normal plasma behaves in exactly the same fashion as 
purified protein Z, regardless of whether it is diluted in 
immunodepleted plasma or in buffer. No difference was 
detected between plasmas immunodepleted with either anti- 
body. Protein Z missing the NH,-terminal Gla-domain (Z,) 
reacted normally in the assay, demonstrating that acither 
antibody is sensitive to changes in that region of the protein. 
The overall reproducibility of the assay was evaluated-(using 
reference particles to correct for minor changes in well 
geometries) by assaying the normal pool (EDTA) in dupli- 
cate tem separate times on different days using the same 
reagents; the mean was 2.77 ug/mL with a SD of 0.04 
ug/mL (calculated coefficient of variation of 1.3%). Even 
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Fig 1. Standard curve for protein Z antigen in buffer v 
depleted plasma. Different amounts of purified protein Z were 
added to either buffer (O) or plasma immunodepleted of Protein Z 
(@), and the fluorescence was determined in the latex particle 
immunoassay [described in the Materiais and Methods section). 
Normal pooled plasma (citrated) samples were assayed at the 
same time undiluted and diluted 1:1 and 1:3 with buffer (A) er with 
depleted piasma A. Each point is the average of duplicate determi- 
nations, 
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when different preparations of reagents and standards were 
used, the coefficient of variation of the assay did not exceed 
4%. The signal was linear with increasing protein Z up toa 
concentration of 10 ug/mL when samples were processed as 
described. The detection limit for the assay as described is 10 
ng/mL (signal = mean background + 1 SD), although this 
can be extended by simply using larger sample volumes. 

More than 95% of the protein Z antigen in normal plasma 
can be adsorbed to barium citrate. Barium citrate particles 
are retained by 0.2-um filters. Therefore, it seemed reason- 
able to use barium citrate to “capture” protein Z (as well as 
all the other vitamin K-dependent proteins) and quantitate it 
using cither of the specific FITC-labeled monoclonal anti- 
bodies. Both antibodies gave very similar, linear standard 
curves and each detected the same amount of protein Z 
antigen (data not shown). The standards are made up in 
immunodepleted plasma that still had normal concentrations 
of the other barium-adsorbable proteins, thus attesting to the 
specificity of each antibody. When both FITC-antibodies 
were included, the fluorescence signal was additive, proving 
again that the antibodies recognize distinct epitopes and do 
not interfere with one another's binding. Furthermore, 
neither antibody prevents protein Z from binding to barium 
citrate or vice versa. These assays are not as reproducible 
(coefficient of variation ~10%) as the two-site latex particle 
assay described above due to the added variability of barium 
adsorption and filtration and the lack of an internal reference 
standard, but they serve to reinforce the fact that each of the 
antibodies used detects the same antigen in normal plasma. 
When Z, was added to buffer or to immunodepleted plasma, 
it failed to adsorb to the barium citrate (data not shown), as 
might be expected since it is missing the Gla-domain. Thus, 
although both antibodies bind to Z,, neither could detect it in 
the barium adsorption assay since the protein and antibodies 
react but pass through the filter without binding to the 
barium citrate. 

Distribution of plasma protein Z antigen in the normal 
population. The plasma concentration of protein Z antigen 
was determined in 455 normal, healthy adults (aged 19 to 80 
years). Each sample was assayed in duplicate all on the same 
day to reduce assay variability to the absolute minimum. The 
mean level was 2.87 ug/mL with a SD of 1.00 ug/mL anda 
range of 0.63 to 5.67 ug/mL. Protein C antigen was deter- 
mined in the same samples (using virtually identical methods 
and conditions) using two monoclonal antibodies specific for 
protein C (HC-2 and HC-4). In Fig 2, the data are plotted as 
frequency histograms with concentrations expressed as per- 
centages of the means. The lines designate the predicted 
population frequency assuming a normal distribution for 
protein Z and a log normal distribution for protein C. 
Variability between individual plasma levels is at least two 
times greater for protein Z than for protein C, the latter 
being more typical of other known vitamin K-dependent 
plasma proteins. Furthermore, there was virtually no correla- 
tion between the concentrations of protein Z and protein C in 
these samples, when cach was expressed as a percentage of 
the population mean (coefficient of correlation [COC] = 
0.13). There was also no correlation of protein Z antigen 
concentration to age or gender (data not shown). Four 


1583 





e 


i 
| 
i 
| 
i 
} 
| 
| 
| 
{ 
l 


Protein C 


H 














gor 
> 
(8) 
= 60 Protein Z 
a ot A 
: } 
W 
ps ? 
in 
i 
sor 
o 50 100 150 200 50 100 150 
% OF MEAN 
Fig2. Distribution of protein Z and protein C antigen in normal 


plasmas. The concentration of protein Z and protein C in the 
plasmas (EDTA) of 455 normal subjects was determined using 
latex particle immunoassays. Data are plotted as frequency histo- 
grams using intervals of 10% of the mean for all samples. Lines 
indicate predicted distributions. Best fits were obtained using 
untransformed data for protein Z and log-transformed data for 
protein C. 


different lots of citrated pooled normal plasma assayed in 
quadruplicate had mean antigen levels of 2.36 (GK 411C), 
2.48 (GK 920C), 2.55 (GK 317), and 2.30 (GK 928) ug/ mL; 
the overall mean, 2.42 ng/mL, is 84% of the mean for the 455 
samples collected in EDTA anticoagulant, which is very 
close to the value of 83% calculated from plasma dilution by 
the citrate anticoagulant assuming a mean packed RBC 
volume of 44%. This also agrees well with the estimate of 2.2 
ug/mL in citrated samples we previously reported using a 
rabbit antisera and electroimmunodiffusion.' 

These normal range studies did not include infants, chil- 
dren, or adolescents, but 18 samples obtained from neonates 
(mean age 11 days, range 3 to 28 days) were checked. These 
newborns were hospitalized for various clinical conditions 
and cannot necessarily be taken as representative of normal 
healthy neonates. Nonetheless, protein Z antigen averaged 
57% + 23% (SD) of the normal adult level with a range of 
29% to 107%. This was significantly higher and more vari- 
able than protein C antigen, which averaged 28% = 8% (SD) 
of the normal adult level with a range of 21% to 48%. There 
was again a very limited correlation (COC = 0.29) between 
the two antigen concentrations. 

Decrease in plasma protein Z antigen with warfarin 
treatment. Citrated plasma samples from 25 outpatients 
receiving stable warfarin therapy without incident for at 
least 6 months were analyzed for protein Z and protein C 
antigen (Table 1). Although the total amount of protein C 
antigen was decreased by only ~50%, total protein Z antigen 
was reduced nearly 13-fold. Making the samples 5 mmol/L 
in EDTA made no significant difference in the protein Z 
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Table 1. Protein Z and Protein C Antigen in 25 Patients 
Taking Warfarin 





Protein Z (% of Normal) Protein C (% of Normal) 








Barium Barium 

Total Adsorbable Total Adsorbable 
Mean + SD 8:4 1+2 538 28 +6 
Range 1-16 0-7 34-74 18-44 





Normal pooled plasma (citrate) was analyzed in quadruplicate in each 
assay. The average values were 2.31 ug/mL total and 2.27 ug/ml 
barium adsorbable for protein Z and 2.96 g/mL total and 2.93 g/mL 
barium adsorbable for protein C. 


assay. When protein Z antigen was “captured” by adsorption 
to barium citrate and quantitated with either monoclonal 
antibody (HZ-1 shown), the mean concentration was only 
0.02 ng/mL (1% of normal), indicating that most of the little 
remaining antigen is also deficient in Gla residues: 15 of the 
25 samples had no detectable protein Z antigen in this assay. 
Similar assays using either of the monoclonal antibodies 
specific for protein C (HC-2 shown) demonstrated that 
roughly half the total amount of this antigen still had 
sufficient Gla residues to bind to barium citrate. Because 
both HZ-1 and HZ-7 react equally well (but at different 
epitopes) with Z, that has the Gla-domain completely 
removed, it is extremely unlikely that the binding of both is 
somehow adversely affected by deficiency of y-carboxylation 
of Gla residues in that region. These data indicate that 
protein Z antigen in plasma is markedly more sensitive to 
chronic warfarin therapy than is protein C or the other 
vitamin K-dependent plasma proteins. 

Using the electroimmunodiffusion assay we previously 
reported that protein Z antigen becomes undetectable after 3 
to 5 days of warfarin therapy, but we could not then 
absolutely distinguish a decrease in total antigen from a 
possible loss of reactivity with the antisera due to decreased 
carboxylation (although we recognized that a complete loss 
of reactivity would be unusual for a polyclonal antibody). 
The disappearance of antigen was investigated more closely 
with the assays described here, since neither of the mono- 
clonal antibodies requires the presence of Gla residues for 
reactivity. Twenty months prior to the current experiments, 
one of us (J.P.M.) took warfarin during studies of human 
factor VIL’ Samples had been saved at —85°C and were 
assayed for protein Z antigen along with a freshly drawn, 
never-frozen sample (Fig 3). Several features are apparent. 
First, the plasma concentration of protein Z antigen in a 
healthy individual shows no significant variation throughout 
the day or across at least 20 months. Second, protein Z 
antigen is stable when frozen at ~85°C for at least 20 
months. Third, when plasma protein Z antigen falls in 
response to loading dosages of warfarin, the apparent plasma 
half-life (t'4) is 2 to 3 days: the increase in the plasma level 
following administration of vitamin K is similar. Fourth, in 
this setting of short-term vitamin K antagonism, the concen- 
tration of antigen adsorbable to barium citrate parallels total 
antigen, showing that very little “Gla-less” protein Z appears 
in plasma. Therefore, the total contribution of newly-synthe- 
sized protein Z antigen in the plasma is negligible, which 
means that the true biological t'4 of total antigen is in fact 
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Fig 3. Effect of short-term warfarin administration on protein 


Z concentration. Protein Z antigen in the plasma (citrated) of a 
normal subject was determined with both the latex (@) and barium 
citrate (O) particle immunoassays. Warfarin and vitamin K, were 
administered orally at the times shown. The value of 100% was 
calculated as the average of the first five samples. 


several days. Whether this is the true clearance rate from 
plasma or there exists a significant extravascular pool of 
protein Z antigen in equilibrium with plasma cannot be 
determined from these experiments. It should be noted that 
the protein Z antigen in this experiment never reached the 
same extremely low levels observed in patients on chronic, 
lower doses of warfarin because vitamin K was administered 
after 2 days when the factor VH level was <1%. Presumably, 
the protein Z antigen would have continued to decrease 
otherwise. 

Verification of wide range of protein Z antigen in normal 
subjects. Twenty-five hundred blood samples (EDTA anti- 
coagulant) collected during a 3-week interval were gener- 
ously supplied by the American Red Cross (described in the 
Materials and Methods section). The distribution of antigen 
concentrations was the same as described above, ie, approxi- 
mately normal with nothing to suggest the presence of 
subpopulations. Nevertheless, 18 of the plasmas with very 
low and 18 with very high antigen concentrations were 
analyzed in more detail, as shown in Table 2. The measured 
level of protein Z was the same in every case regardless of 
whether the two monoclonal antibodies were used separately 
or together. Therefore, the wide range of concentrations 
found in normal subjects cannot be an assay artifact based on 
the presence of a polymorphism in the population unless it 
affects two independent epitopes to exactly the same extent. 
Within the limits of the assays, the protein Z antigen in every 
case was almost completely adsorbable to barium citrate as 
well, making it unlikely that protein Z can be synthesized 
independent of vitamin K in some individuals and therefore 
cause the wide range of values. Total protein C antigen 
measured in each group was entirely normal and showed the 
expected distribution, again verifying that there was no 
correlation between protein Z and protein C concentrations. 

The possibility that some other substance(s) in plasma 
somehow affected the amount of antigen detectable by the 
antibodies (eg, by binding to protein Z) was also considered. 
Mixtures of two plasmas (with 31% and 179% antigen, 
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Table 2. Protein Z and Protein C Antigen in Plasmas With 
Extremely High or Low Concentrations of Protein Z 





Protein Z 
(% of Normal} 


Protein C 
{% of Normal) 





Barium Adsorbable 








Total H2-1 HZ-7 Tota} 
High (n = 18) 
Mean + SD 185 + 21 187 +27 186+ 26 104+ 16 
Range 152-230 140-222 149-230 79-143 
Low (n = 18) 
Mean + SD 27 +3 2424 19+5 97 + 18 
Range 20-34 15-31 10-30 65-145 





Plasmas (EDTA) with either high or low concentrations of protein Z 
were selected from 2,500 samples taken from blood donors. Duplicate 
determinations were averaged and expressed as a percentage of the 
mean for the 455 control samples used for the study of normal range. 


respectively) were made, resulting in molar ratios from 0 to | 
in increments of 0.1. After a 2-hour incubation at 37°C, the 
mixtures were analyzed. The response was linear (r? = .993), 
indicating that if an interfering substance exists in one of the 
plasmas it is either incapable of interacting with protein Z 
from the other plasma or it is present in some limiting 
amount. 

To address the latter possibility, the pooled control plasma 
(EDTA) was chromatographed on a column of Sephacryl 
S-300 equilibrated in the assay buffer. Only a single peak of 
antigen (eluting after IgG but slightly before protein C and 
albumin) was detected in the fractions. Thus, the pooled 
plasma did not contain a significant concentration of a 
substance of appreciable mol wt that could bind to protein Z 
in the assay buffer. Therefore, the wide range of protein Z 
antigen concentration observed in normal plasmas is not 
likely to be an artifact based on the presence of variable 
quantities of interfering substance(s) in some plasmas. 

Finally, the possibility that protein Z was altered in some 
plasmas by the procedures for obtaining plasma was consid- 
ered. Because protein Z is specifically cleaved by thrombin, 
which could conceivably be present at very low concentra- 
tions at the time of venipuncture, we tested Z, in the standard 
assay as mentioned previously: it was indistinguishable from 
native protein Z. Neither antibody detected any trace of Z, in 
the barium citrate adsorption assays, however, since Z, does 
not bind to barium citrate. Therefore, not only would Z, be 
detected anyway in the standard assay if present in some 
samples, but it would also cause a discrepancy between the 
two types of assays, which was never observed with normal 
plasmas. In other experiments, the serum and plasma levels 
of protein Z were not different, storage of blood samples for 
at least 5 days (at room temperature or at 4°C) before 
separation of the plasma caused no change in concentration, 
and collecting blood into an inhibitory “cocktail” containing 
aprotonin, diisopropylfluorophosphate, hirudin, soybean 
trypsin inhibitor, and benzamidine made no difference. 


DISCUSSION 


The function of protein Z remains unknown. Ht seems 
unlikely that human protein Z or any portion of it has 
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enzymatic activity. It may be a cofactor similar to protein S, 
which also lacks enzymatic activity. It may have nothing to 
do with hemostasis: the evidence linking protein Z to blood 
coagulation at this time is its structural similarity to six other 
vitamin K-dependent plasma proteins (factors H, VH, IX, 
and X, and proteins C and S). 

The concentration of protein Z antigen found in 95% of 
adult plasmas varies from 0.9 to 4.8 we /mL (32% to 168% of 
the mean), with an actual observed range of 0.6 to 5.7 
ug/mL. This distribution is considerably wider than has been 
found for the other vitamin K-dependent plasma proteins. 
No correlation of concentration to age or sex could be 
detected, although any minor dependence could be easily 
obscured by the nearly tenfold range in normals. Protein Z is 
also unique in its sensitivity to chronic warfarin therapy, 
which reduces the concentration of total plasma antigen to 
8% of normal. Furthermore, even though nearly all of the 
antigen in normal plasmas will adsorb to barium citrate, 
suggesting that at least some of the Gla residues are present 
in every molecule, 60% of samples from patients taking 
warfarin chronically have no detectable adsorbable antigen. 
Whatever the function of protein Z may be, any given 
individual's plasma concentration clearly need not be main- 
tained very near the population mean for any essential 
physiological activity. Whether this marked drop in antigen 
level in patients taking warfarin may be of clinical interest in 
some special settings (eg, monitoring compliance or refracto- 
riness to warfarin therapy) has not yet been evaluated. 

The possibility that protein Z is not a plasma protein in the 
sense that plasma is its site of action must be considered. If 
non-liver tissue (eg, bone, endothelium, etc) is the site of 
synthesis and of function for protein Z, and if plasma levels 
only reflect an average clearance, this could conceivably 
explain the wide range in normals, the greater sensitivity to 
warfarin, and the inability to find a function using plasma- 
based in vitro assay systems. A limited analogy for this 
concept might be the iron system. Ferritin can be measured 
in plasma even though it “functions” principally extravascu- 
larly, and it has a tenfold range of normal (25 to 240 and 12 
to 130 ng/mL for adult men and women, respectively, in our 
laboratory). Transferrin, on the other hand, has a much 
tighter normal range (204 to 360 mg/dL) and acts princi- 
pally intravascularly. When the role of protein Z is discov- 
ered, it will be essential to bear in mind the wide variation in 
plasma concentration in normal subjects before attempting 
to correlate any clinical problems with protein Z “deficien- 
cy” based on measurements in plasma. 

The observation that thrombin-cleaved protein Z does not 
bind to barium citrate is interesting because cleavage of 
protein S by thrombin causes a similar change in that 
protein.’ The cleavage sites are not homologous, however. 
Dahlbäck and colleagues”? showed that bovine protein S has 
a region between residues 45 and 75 that is not homologous 
to the other vitamin K-sensitive proteins in plasma. Throm- 
bin hydrolyzes two bonds (at arginines 52 and 70) releasing 
an 18 amino acid peptide; the NH, terminus containing the 
Gla residues remains linked by a disulfide bond (involving 
cysteine 47) to the rest of the molecule. Human Z, on the 
other hand has only a single new NH),-terminus that is 
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identical in 10 of 14 residues with the sequence of bovine 
protein Z beginning with residue 42 (G.J. Broze and J.P. 
Miletich, unpublished observations, May 1986). If a function 
for protein Z is discovered, cleavage by thrombin or other 
proteases may be a means of regulating interactions depen- 
dent on the presence of the Gla residues. 

The two-site monoclonal antibody particle concentration 
fluorescence immunoassay described in this study has favor- 
able characteristics when compared with other antigen 
assays. Sample requirement is low (5 uL), sensitivity is high 
(limit of detection <1% of normal), and reproducibility is 
great (coefficient of variation <2%). Data handling is simple 
since signal is directly and linearly proportional to concentra- 
tion over the entire range, with very low background. Sample 
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throughput is substantial; one person using the equipment 
described can assay ~80 samples an hour in duplicate. There 
are no toxic or radioactive substances, and the reagents have 
proved stable for 6 months, with no indication of deteriora- 
tion as yet. Similar assays developed for factor VII and factor 
IX share these characteristics, indicating that many antigens 
of clinical interest can be measured rapidly and accurately in 
large numbers using these techniques. 
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Differential Binding of Erythroid and Myeloid Progenitors 
to Fibroblasts and Fibronectin 


By Schickwann Tsai, Vikram Patel, Elisabeth Beaumont, Harvey F. Lodish, David G. Nathan, and Colin A. Sieff 


Using a novel coverslip-transfer culture technique, we 
recently demonstrated that primitive erythroid burst-form- 
ing units (BFU-E) can migrate, proliferate, and differentiate 
in intimate association with stromal fibroblastoid cells in 
the presence of serum proteins and erythropoietin. No 
other exogenous hemopoietic growth factors are required. 
Most of the colonies that develop in this system are very 
large erythroid bursts, and very few granulocyte-macro- 
phage (GM) colonies are observed. In this report, we 
present data indicating that the predominance of erythroid 
burst colonies in this culture system is due to preferential 
binding of primitive erythroid progenitors to the stromal 
fibroblastoid celis and not to differential stimulation of 
these erythroid progenitors by these cells. We next show 


HE PROLIFERATION and differentiation of hemo- 
poietic progenitors in short-term colony assays is 
dependent on exogenous hemopoietic growth factors such as 
granulocyte-macrophage colony stimulating factor (GM- 
CSF), macrophage colony-stimulating factor (M-CSF), and 
erythropoietin. For long-term liquid culture of bone mar- 
row, an adherent stromal layer consisting mostly of fibro- 
blastoid cells, macrophages, and the extracellular matrix is 
essential for sustained hemopoiesis over several months.” 
The exact functional roles of the stromal cells and matrix are 
poorly understood, however, due to the complexity of the 
hemopoietic microenvironment and the lack of culture sys- 
tems suitable for detailed analysis. 

Uninduced murine erythroleukemia (MEL) cells grown in 
suspension culture attach tightly and specifically to fibronec- 
tin, and dimethyl sulphoxide-induced erythroid differentia- 
tion of these cells is accompanied by parallel loss of cell 
adhesion to fibronectin and fibronectin receptors% MEL 
cells induced in suspension culture rarely undergo enuclea- 
tion but cells induced on fibronectin coated dishes enucleate 
to become reticulocytes, suggesting that interaction with 
fibronectin is essential for completion of the erythroid differ- 
entiation process in vitro.’ Fibronectin is a glycoprotein 
component of extracellular matrices of many tissues, and it 
promotes attachment of many types of cells in vitro.” Fibro- 
nectin has also been implicated in cell migration during 
embryogenesis*’ and in myogenesis.” Fibronectin is a major 
component of the extracellular matrix in bone marrow." 
Whether erythroid progenitors in bone marrow do indeed 
interact with fibronectin remains to be determined. 

Recently, we introduced a new “coverslip-transfer cul- 
ture” system, designed to study the functional roles of 
stromal cells in hemopoiesis.'* In this system, human bone 
marrow cells depleted of monocytes, macrophages, and T 
cells are allowed to adhere to monolayers of a homogeneous 
fibroblastoid human stromal cell strain (ST-1) grown on 
coverslips. The coverslips are then rinsed to remove nonad- 
herent bone marrow cells, transferred to a new culture dish, 
and overlaid with methylcellulose culture medium contain- 
ing fetal calf serum (FCS) and erythropoietin. No other 
exogenous hemopoietic growth factors are added. In this 
culture system, primitive erythroid progenitors migrate on 
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that the binding of BFU-E to stromal cells is blocked by 
anti-fibronectin antibodies. Finally, we demonstrate the 
preferential binding of BFU-E to fibronectin by using glass 
coverslips or Petri dishes coated with purified human 
plasma fibronectin. The binding is blocked by a monocional 
antibody specific for the cell-binding domain of fibronectin. 
We conclude that: (a) primitive erythroid progenitors bind 
strongly whereas G and/or M progenitors (CFU-G/M) bind 
only weakly to fibronectin; {b} primitive erythroid progeni- 
tors bind to the cell-binding domain on the fibronectin 
molecule; and (c) erythroid progenitors and precursors 
remain bound to fibronectin throughout differentiation. 

© 1987 by Grune & Stratton, inc. 


and within the fibroblastoid stroma to form large colonies of 
hemoglobinized erythroblasts that proceed to enucleate, Sur- 
prisingly, most (usually >95%) of the colonies that form in 
this culture system are large erythroid burst colonies. Very 
few granulocyte-macrophage (GM) colonies are found. This 
is in sharp contrast to the fact that the input bone marrow 
cell preparation has roughly equal numbers of primitive 
erythroid progenitors (BFU-E) and myeloid progenitors 
(CFU-G/M) and that nearly 100% of the mature cells 
produced in long-term liquid culture are granulocytes and 
macrophages, even in the presence of erythropoietin." 
Three mechanisms can be proposed to account for the 
predominant erythroid development in the coverslip-transfer 
culture system: (a) Both BFU-E and CFU-GM bind to the 
stromal cells, although stromal fibroblastoid cells. through 
either the production of growth factor or other unknown 
mechanisms, stimulate the growth of BFU-E preferentially, 
(b) BFU-E bind to the stromal cells with a greater affinity 
than do CFU-GM: (c) and contact between CFU-GM and 
fibroblastoid cells inhibits their development. This is unlike- 
ly, however, because CFU-GM develop successfully on the 
stromal layer in long-term bone marrow culture. Moreover, 
direct overlay of progenitors on stromal fibroblastoid cells 
(ie, without the adhesion and washing procedure to select for 
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adherent progenitors) has been used successfully to enu- 
merate CFU-GM in mouse bone marrow." In this report, we 
provide evidence that the predominant erythroid develop- 
ment in this new culture system is due to the differential 
binding of BFU-E and CFU-GM to the stromal fibroblastoid 
cells. Furthermore, this binding is mediated by fibronectin 
produced by the stromal cells. 


MATERIALS AND METHODS 


Preparation of human bone marrow cells enriched for hemo- 
poietic progenitors, Bone marrow mononuclear cells were col- 
lected from the interface after Ficoll-Hypaque gradient centrifuga- 
tion, washed three times and resuspended in Iscove's modified 
Dulbecco’s medium (IMDM; GIBCO, Grand Island, NY) supple- 
mented with 20% FCS. Monocytes were removed by overnight 
adherence to 60-mm Lux culture dishes (Miles Laboratories, Naper- 
ville, IL) at 37°C, Nonadherent marrow cells were collected, centri- 
fuged, and incubated for 30 minutes at 4°C with predetermined 
optimal concentrations of a panel of monoclonal antibodies directed 
against myeloid, erythroid, and lymphoid maturation antigens. 
These antibodies included (specificity in parentheses): Leu 1 and 
Leu 5b (T cell), Leu 12 (B cell), Leu MI (monocyte, granulocyte), 
Leu M3 (monocyte: all from Becton Dickinson), TG! (myeloid 
maturation antigens, from Dr P. Beverly). Mo | and My 8 (mono- 
cyte and myeloid maturation antigens. both from Dr J.D. Griffin), 
and LICR.LON.RI8 (glycophorin A, from Dr P. Edwards). After 
being washed to remove unbound antibodies, the cells were resus- 
pended in phosphate-buffered saline (PBS) /5% FCS and incubated 
for | hour at 4°C in tissue culture dishes coated with rabbit 
anti-mouse immunoglobulin antibodies. The unbound marrow cells 
were removed by gentle swirling and tilting of the culture dishes, and 
by being washed twice in a similar manner with 5 mL of PBS/5% 
FCS. Usually 1% to 3% of the recovered cells were BFU-E and ~i% 
to 3% were CFU-GM. 

Coverslip-transfer culture using a preformed stromal cell mono- 
layer and enriched bone marrow progenitors. The isolation and 
characterization of the human stromal cell strain ST-1 has been 
described.'* The ST-1 cells were established from a long-term liquid 
culture of human fetal liver mononuclear cells. They are adherent. 
diploid, fibroblastoid in morphology, and synthesize collagen type I 
and fibronectin. They are usually maintained in Dulbecco's modified 
Eagle’s medium (DMEM, GIBCO) supplemented with 20% FCS. 

Details of the coverslip-transfer culture have been published." In 
brief. ST-1 cells of 18-21 passages were cultured as a monolayer on 
round glass coverslips with a diameter of 12 mm (Fisher Scientific, 
Pittsburgh). Ten coverslips with ST-1 cell monolayers were placed 
on the bottom of a 60-mm dish; 4 x 10° enriched bone marrow cells 
suspended in 4 mL of IMDM were added to the 60-mm dish 
containing the coverslips. The cultures were incubated at 37°C, 5% 
CO, for 2 hours. The coverslips were rinsed with warm IMDM to 
remove all unbound marrow cells. Each coverslip was then trans- 
ferred to a 35-mm culture dish and overlaid with 3 mL of methylcel- 
lulose culture medium containing 10°° mol/L of hydrocortisone and 
erythropoietin (Epo) (Terry Fox Laboratory, Vancouver, BC) at 2 
U/mL. No other exogenous CSFs were added, since we have 
demonstrated that the ST-1-conditioned medium can support the 
development of both erythroid and GM colonies.'® The cultures were 
incubated at 37°C in a high-humidity incubator with 5% CQ). 
Colonies were scored on the tenth day. The procedure is illustrated in 
Fig 1. 

Inhibition of the binding of enriched bone marrow cells to 
fibroblasts by anti-fibronectin antibodies. Rabbit anti-human 
plasma fibronectin antiserum (Calbiochem, LaJolla, CA) and the 
anti- HLA monoclonal antibody W6/32 (a gift from Dr S. Mentzer) 
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Fig 1. Outline of coverslip-transfer culture technique. Mono- 
layers of human stromal fibroblasts (ST-1 cells) grown on 12-mm 
round glass coverslips are coincubated with enriched human bone 
marrow progenitors in serum-free culture medium for 2 hours at 
37°C. Nonadhering bone marrow celis were washed away with 
warm serum-free medium. Each coverslip was then transferred to 
a 35-mm dish and overlaid with methylcellulose culture medium 
containing human erythropoietin (2 U/mL). Cultures were incu- 
bated at 37°C in a high-humidity incubator with 5% CO,. Colonies 
were scored on day 10 to day 12. 


were diluted with IMDM to the indicated concentrations and added 
to the coverslips with the ST-1 cell monolayers. After incubation at 
37°C for 50 minutes, the coverslips were washed once with warm 
IMDM to remove unbound antibodies and used in the coverslip- 
transfer culture described above. The rabbit anti-human plasma 
fibronectin antiserum is specific for various epitopes on the fibronec- 
tin molecules. The monoclonal antibody W6/32 recognizes « mono- 
morphic determinant on the « chain of all HLA-A, -B, and -C 
antigens. The antibody has a very high titer and blocks completely 
cytotoxic T lymphocyte-mediated cytotoxicity at 1:800 dilution.’ 

Preparation of coverslips and Petri dishes coated with human 
plasma fibronectin. Human plasma fibronectin was affinity-puri- 
fied using gelatin-Sepharose 4B (Pharmacia, Piscataway, NJ) from 
fresh citrated human peripheral blood according to the procedure of 
Ruoslahti and colleagues.'* Five 12-mm round glass coverslips were 
placed on the bottom of a 35-mm tissue culture dish and coated with 
2 mL of fibronectin solution (45 g/mL; diluted in PBS, pH 7.5) at 
room temperature for 4 hours. Immediately before use, the coated 
coverslips were rinsed once with PBS to remove unbound fibronectin. 
Alternatively, 35-mm Petri dishes were coated with various concen- 
trations of fibronectin and washed in the same manner. Asa negative 
control, radioimmunoassay (RIA) grade bovine serum albumin 
(BSA: Sigma, St Louis) was diluted in PBS (45 ue /mL) and used to 
coat glass coverslips or 35-mm Petri dishes. 

Coverslip-transfer cultures using fibronectin-coated coverslips 
and Petri dishes. Enriched human bone marrow cells | x 10° 2 mL 
of IMDM were added to tissue culture dishes containing the 
coverslips or to fibronectin-coated Petri dishes, After a 2-hour 
coincubation at 37°C, the nonadherent marrow cells were washed 
away with warm IMDM. Individual coverslips were transferred to a 
35-mm dish and overlaid with 3 mL of standard methylcellulose 
culture medium containing Mo cell-conditioned medium (10%) and 
erythropoietin (2 U/mL). Petri dishes were overlaid with the same 
culture medium after removal of the nonadherent bone marrow cells. 
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Erythroid colony-forming units (CFU-E) were counted on day 7, 
and BFU-E and CFU-GM were counted on day 14. 

Inhibition of binding of progenitors to fibronectin-coated cover- 
slips by domain-specific anti-fibronectin antibodies. The type 2 
anti-human plasma fibronectin monoclonal antibody (Calbiochem) 
recognizes the cell-binding domain of the fibronectin molecule, 
whereas the type 3 anti-human plasma fibronectin monoclonal 
antibody (Calbiochem) recognizes the gelatin-binding domain of the 
fibronectin molecule.’® All antibodies were diluted to the indicated 
concentrations and incubated with fibronectin-coated coverslips at 
37°C for 50 minutes. After the incubation, excess antibodies were 
washed away with IMDM. The antibody-treated fibronectin-coated 
coverslips were used directly in coverslip-transfer culture experi- 
ments. 

Immunofluorescence microscopy. Cultures were fixed in 3.7% 
formaldehyde in PBS (pH 7.4) at room temperature for 2 hours and 
permeated with cold (~ 20°C) methanol for 5 minutes. Residual 
formaldehyde was blocked by incubation with 1% BSA (Sigma) at 
37°C for 30 minutes. Rabbit anti-spectrin IgG cross-reacted with 
both human and mouse RBC spectrins. Each coverslip was incu- 
bated with 20 uL of anti-spectrin IgG (1:200) for 30 minutes at 37°C 
in a humidity chamber. The coverslip was then overlaid with 20 yL 
of fluorescein isothiocyanate (FITC)-conjugated goat anti-rabbit 
IgG (1:200) and incubated for 30 minutes at 37°C in a humidity 
chamber. Stained coverslips were rinsed sequentially with PBS and 
distilled water and mounted ina gelatin/glycerol mixture. Immuno- 
fluorescence was carried out with a Zeiss photomicroscope equipped 
with epifluorescence, 

Eleetronmicroscopy. Coverslip-transfer cultures were rinsed 
several times with warm IMDM (GIBCO) to remove methylcellu- 
lose, and fixed for | hour at room temperature in freshly prepared 
2.5% glutaraldehyde 0.1 mol/L of cacodylate buffer. Fixed cultures 
were rinsed three times with 0.1 mol/L of cacodylate buffer, 


Tabie 1. Addition of GM-CSF Does Not Increase Number of GM 
Colonies in Coverslip-Transfer Cultures 











Hemopoietic BFU-E CFU-GM Erythroid 
Surface Growth Factors Colonies Colonies Colonies (%) 
Coating (Per coverslip; mean + SEM, n = 5) 
BSA Epo 0+0 0.2+0.4 — 
BSA Mo + Epo 0.2204 0:0 — 
ST-1 Epo 37.8 + 2.5 141.7 96.4 
ST-1 Mo + Epo 38.8 + 3.1 18+ 1.5 95.6 





Abbreviations: GM-CSF, granulocyte-macrophage colony-stimulating 
factor; BSA, bovine serum albumin; ST-1, human stromal cells; Epo, 
erythropoietin; Mo, human lymphoblast cell line. 

Round glass coverslips (12 mm} were coated with BSA (45 ug/mL) at 
room temperature for 4 hours. ST-1 cells were grown on glass coverslips 
in Dulbecco's modified Eagle's medium (DMEM) supplemented with 
20% fetal calf serum (FCS) and used before they reached 100% 
confluency. Both BSA and ST-1-coated coverslips were washed twice 
with DMEM immediately before the experiment and placed in the bottom 
of a 60-mm dish; 4 x 10° enriched human bone marrow cells were 
suspended in 4 mL of Iscove’s modified Dulbecco's medium (IMDM), 
added to a 60-mm dish containing the coverslips, and coincubated for 4 
hours at 37°C. After coincubation, nonadherent bone marrow cells were 
washed away by rinsing the coverslips with warm IMDM three times. 
Individual coverslips were transferred to a 35-mm dish and overlaid with 
3 mL of methylcellulose culture medium containing erythropoietin (2U/ 
mL) or both erythropoietin (2U/mL) and Mo-conditioned medium (10% 
vol/vol). Colonies were scored 10 to 12 days after incubation. Standard 
short-term colony assay of the input bone marrow cells revealed 2,680 
BFU-E and 1,680 CFU-GM per 10° cells plated (mean of duplicate). 
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postfixed in 1% osmium tetroxide/1% potassium ferricyanide for ł 
hour at 4°C. Postfixed specimens were rinsed three times with 0.1 
mol/L cacodylate buffer, dehydrated in 30%, 50%, 70%, 95%, and 
finally 100% ethanol. 

For scanning electronmicroscopy, fixed and dehydrated samples 
were critical point dried and sputter-coated with 100 A gold 
palladium and examined with a JEOL 35CF scanning electron 
microscope. 


RESULTS 


Predominant erythroid development in the coverslip- 
transfer cultures is due to differential binding of BFU-E and 
CFU-GM to stromal fibroblasts. To distinguish between 
the two possible mechanisms (ie, differential stimulation v 
differential binding) that might account for the lack of GM 
colonies in the coverslip-transfer cultures, GM-CSF was 
added to the culture system in addition to erythropoietin. 
Any CFU-GM bound should then have been able to develop 
into GM colonies. In this study, we used the human lympho- 
blast cell line, Mo-conditioned medium, as a potent source of 
GM-CSF. The result is shown in Table 1. The addition of 
exogenous GM-CSF did not increase or decrease the number 
of BFU-E- and CFU-GM~—derived colonies, suggesting that 
the absence of development was not due to the lack of GM 
colony-stimulating activity (CSA). The results in Table | 
also show that the binding of BFU-E to stromal fibroblasts is 
a specific phenomenon, since BSA could not mediate such 
binding. 

Binding of BFU-E to stromal fibroblasts can be blocked 
by anti-fibronectin antiserum. Because the ST-1 cells used 
in our coverslip-transfer culture system produce large 
amounts of fibronectin and since fibronectin has been shown 
to mediate the binding and migration of many cell types. we 
examined the effect of rabbit anti-fibronectin antiserum on 
the binding of BFU-E to stromal fibroblasts. The result is 
shown in Fig 2. The binding of BFU-E was inhibited by 
increasing concentrations of the anti-fibronectin antiserum. 
The inhibition varied from 70% to 99% in different experi- 
ments when the antiserum was used at a 1:20 dilution. 
Higher concentrations of the antiserum were not used 
because the fibroblasts began to show partial detachment 
from the coverslips, presumably due to the blocking effect of 
the anti-fibronectin antiserum. In contrast, the W6/32 
monoclonal antibody specific for the a chain of all HLA-A, 
-B, and -C antigens did not affect the binding at all. 

BFU-E bind to fibronectin-coated surfaces but CFU-GM 
donot. Petri dishes were incubated with increasing concen- 
trations of fibronectin. Enriched bone marrow progenitors 
were then incubated on the fibronectin coated dishes for 2 
hours, nonadherent cells were removed, and methyl cellulose 
culture mix was added to the plates. Very few CFU-GM- 
derived colonies formed, whereas ~10% of the input CFU-E 
and BFU-E adhered to the dishes and formed colonies, with 
the plateau of maximal adherence occurring at ~20 g/mL 
(Fig 3). 

We demonstrate a similar pattern of differential binding 
of BFU-E and CFU-GM to fibronectin by using glass 
coverslips coated with purified human plasma fibronectin 
(Table 2). Again, many more BFU-E than CFU-GM bound 
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Fig2. Inhibition of the binding of erythroid burst-forming units 
(BFU-E) to stromal fibroblasts (ST-1) by anti-fibronectin anti- 
serum. Monolayers of ST-1 cells on coverslips were incubated 
with preimmune rabbit serum (1:20 dilution), pristine mouse 
ascites (1:20 dilution), rabbit anti-fibronectin antiserum (1:20 and 
1:40 dilutions}, or W6/32 monoctonal antibody (anti-HLA) (1:20 
and 1:40 dilutions) for 50 minutes at 37°C. Unbound antibodies 
were washed away before the addition of enriched progenitors. 
Coverslip-transfer cultures were done as described in the Materi- 
als and Methods section. Colonies were scored on day 10. Hatched 
bars, erythroid burst colonies; dotted bars, granulocytes /macro- 
phage (GM) colonies. Data are expressed as percentages of the 
number of erythroid burst colonies in the control with preimmune 
serum. Mean = SEM; n = 5. Standard short-term colony assay of 
the input progenitor population received 420 BFU-E and 830 
CFU-GM per 10° cells plated {mean of duplicate). 
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Fig 3. Adherence of BFU-E and CFU-E to purified fibronectin- 
coated Petri dishes; 35-mm Petri dishes were incubated with 
increasing concentrations of fibronectin for 2 hours and washed, 
and nonspecific binding sites were blocked by 15-minute incuba- 
tion in bovine serum albumin (BSA). Enriched progenitors (3,340 
BFU-E and 2,380 CFU-GM/10* cells) were incubated for 2 hours at 
37°C in the coated Petri dishes, and nonadherent cells were 
removed by gentle washing. Progenitors were assayed in the 
nonadherent fraction and in the Petri dishes by overlaying with 2 
mi. of methylcellulose mix. Results were expressed as the per- 
centage of adherent progenitors of the total (adherent and nonad- 
herent) enumerated {in duplicate) at each concentration point. 
Increasing the concentration of fibronectin results in increased 
BFU-E and CFU-E binding, to a plateau of 13% and 10%, respec- 
tively, at 20 ug/mL. Very few CFU-GM bound to the fibronectin- 
coated surface, and very little binding of any progenitor class was 
observed when BSA alone was used to coat the dishes (data not 
shown). 
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Table 2. BFU-E but not CFU-G/M Binds 
to Fibronectin-Coated Surfaces 
Type of Surface BFU-E CFU-GM 
Surface Coating Colonies Colonies 
Per coverslip: Mean + SEM, n = 5 
Glass coverslip BSA 0.2 + 0.4 Oro 
Glass coverslip Fibronectin 67.2 + 9.1 3.0 + 2.2 
Per 35-mm Dish; Mean of 
Duplicate 
Petri dish BSA 3.0 0.5 
Petri dish Fibronectin 2200 6.0 





plasma fibronectin at 45 ug/mL and placed (after coating) on the:bottom 
of a 35-mm tissue-culture dish. The Petri dishes were coated with 2 mL 
of BSA or fibronectin solutions at 45 yg/ml for 4 hours at room 
temperature: 1 x 10° enriched human bone marrow progenitorsan 2 mb. 
of IMDM were added to each tissue-culture dish containing the BSA- or 
fibronectin-coated coverslips or to the coated Petri dishes. After a 2-hour 
coincubation, the nonadherent cells were washed away with warm 
IMDM. The coverslips were processed according to the method described 
in the footnote to Table 1. Each Petri dish was overlaid with 3 mL of 
methylcellulose culture medium. All cultures contained erythropoietin (2 
U/mL) and Mo CM (10% vol/vol, Standard short-term colony assay of 
the input bone marrow cells revealed 2,680 BFU-E and 1,680 CFU-GM 
per 10° cells plated (mean of duplicate). 


to fibronectin-coated glass coverslips: binding to Petri-dishes 
is shown as a control. 

BFU-E hind to the cell-binding domain on fibronec- 
tin. The fibronectin molecule has been shown to have 
separate domains for cell attachment, cell migration, col- 
lagen binding, and heparin binding. To determine 
whether BFU-E bind to the same cell-binding domain on 
fibronectin as do fibroblasts, we used a mouse moneclonal 
antibody directed against the cell-binding domain of fibro- 
nectin."” The result in Fig 4 demonstrates that > 90% of the 
binding was blocked by this antibody (type 2) at a final 
dilution of 1:40 or 1:20, providing evidence that this domain 
is involved in the binding of primitive erythroid progenitors 
to fibronectin. In contrast, the gelatin-binding demain- 
specific monoclonal antibody (type 3) did not inhibit the 
binding. 

Erythroid progenitors remain associated with fibronectin 
until the perienucleation stage. Erythroid progenitors 
remain associated with the monolayer of stromal! fibroblasts 
or the fibronectin-coated surface throughout differentiation: 
their association with fibronectin-coated coverslips until the 
enucleation stage is illustrated in Fig 5. After this stage, the 
erythroblasts become less tightly bound and can be easily 
detached. We also observed that the few GM colonies that 
developed in the coverslip-transfer cultures were usually 
suspended in the culture medium, not associated with the 
stromal fibroblasts or fibronectin-coated Petri dishes. 

Immunofluorescent: microscopy of differentiating ery- 
throid progenitors stained with antispectrin IgG. Ery- 
throid progenitors adhere preferentially to fibronectin- 
coated glass coverslips and migrate very slowly (observed by 
time-lapse video recording) in all directions at the early 
stages of their differentiation. The migrating cells have a 
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Fig 4. Inhibition of the binding of BFU-E to fibronectin by a 


monoclonal antibody specific for the cell-binding domain of fibro- 
nectin. The procedure was the same as described in the legend to 
Table 2 except that the fibronectin-coated coverslips were treated 
with different antibodies before the addition of enriched bone 
marrow cells. Rabbit anti-fibronectin antiserum (1:20) was used as 
a control. Type 2 monoclonal antibody specific for the cell-binding 
domain and type 3 monoclonal antibody specific for the gelatin- 
binding domain of fibronectin were used at 1:20 and 1:40 dilutions. 
Bovine serum albumin (BSA)-coated coverslips were included to 
demonstrate the specificity of fibronectin-mediated binding. 
Hatched bars, erythroid burst colonies; dotted bars, granulocyte/ 
macrophage colonies. Data are expressed as percentages of the 
number of erythroid burst colonies in the control with preimmune 
serum. Mean + SEM; n = 5. Standard short-term colony assay of 
the input progenitor population revealed 415 + 44 BFU-E and 
590 + 74 CFU-GM per 10° cells plated {n = 4). 


spindle shape (Fig 6A). All such cells are strongly positive 
for spectrin on day 5 in culture (Fig 6B). By day 10, as the 
progenitors begin to hemoglobinize, they gradually stop 
migrating. This is reflected in the decrease of the frequency 
of spindle-shaped (ie, migrating) cells (Fig 6C). The hemo- 
globinizing erythroblasts assume a spherical shape and are 
positive for spectrin (Fig 6D) and glycophorin A (data not 
shown). Hemoglobinized erythroblasts adhere less tightly to 
fibronectin and therefore frequently detach during the fixa- 
tion and washing process, leaving fragments of cytoplasm 
and cell membrane on the fibronectin-coated coverslips (Fig 
6C and E). Curiously, such fragments are usually negative 
for spectrin (Fig 6D and F). As the erythroblasts begin to 
enucleate (around day 12), the cytoplasm becomes very 
strongly positive for spectrin. Spectrin appears to be 
excluded from the thin rim of cytoplasm enveloping the 
partially expelled nuclei (Fig 6F). 

Erythroid progenitors exhibit characteristic cell surface 
structures. Sequential scanning electron microscopy 
(SEM) of erythroid progenitors cultivated on fibronectin- 
coated surface from day 5 through day 12 revealed several 
cell surface features that appeared to be characteristic of 
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Fig 5. 


Serial phase-contrast photomicrographs of erythroid 
progenitors cultivated on glass coverslips coated with fibronectin. 
(A) day 1, (B) day 2, (C) day 3, (D) day 4, (E) day 5, (F) day 7, (G) day 
8, (H) day 9, (I) day 10. Enucleating cells are evident (arrowheads), 
as is random migration and gradual decrease in cell size. Visible 
hemoglobinization began around day 8. All cells after day 8 were 
strongly positive for glycophorin A, spectrin, and dimethoxyben- 


zidine stain (data not shown). Bar ~ 50 um. 


erythroid progenitors (Fig 7). At the earlier stages of their 
differentiation (day 5 in culture), they exhibited many gyri 
and sulci on the main portion of the cell body. In addition, 
there were multiple microspikes, indicating their high motil- 
ity at this stage of differentiation (Fig 7A). As they differen- 
tiated, the number of microspikes decreased. reflecting the 
decrease of motility (Fig 7B). After hemoglobinization, the 
number of gyri and sulci decreased, and the cell surface 
appeared smoother (Fig 7C). This trend continued until a 
smooth-surfaced reticulocyte was formed (Fig 7D and E). 


DISCUSSION 


In human adults, hemopoiesis occurs in the extravascular 
space between the marrow sinusoids. This extravascular 
space is composed of fibroblastoid adventitial reticular cells, 
macrophages, the extracellular matrix, and hemopoietic 
stem cells and their progeny in all stages of differentiation. 
The nonhemopoietic components of this complex structure 
are collectively called “marrow stroma” and are believed to 
provide the hemopoietic microenvironment required for the 
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renewal and differentiation of hemopoietic stem cells.” 





Fig 6. Phase-contrast and immunofluorescent microscopy of 
erythroid progenitors cultivated on fibronectin-coated glass cov- 
erslips. Cultures were fixed on day 5 (A,B), day 10 (C.D), or day 12 
(E.F), permeated with cold methanol and stained with a rabbit 
anti-spectrin IgG, followed by FITC-conjugated goat anti-rabbit 
immunoglobulins. Phase contrast (A,C,E). Immunofluorescence 
(B,D.F). All cells were positive for cytoplasmic spectrin. Migrating 
cells appear as spindle-shaped cells. The debris in C and E are 
fragments of erythroblasts that detached during the washing and 
Staining. Such fragments are usually negative for spectrin. 
E: Several cells at successive stages (1 through 5) of enucleation. 
The protruding nucleus had a smooth spherical surface and was 
negative for spectrin (arrow, F), whereas the cytoplasmic portion 
had a convoluted shape and was intensely positive for spectrin. 
Bar - 50 um. 


However, the hemopoietic microenvironment has never been 
defined in functional or molecular terms 

The long-term bone marrow liquid culture introduced by 
Dexter and colleagues has provided a useful in vitro culture 
52% In this culture 
system, the proliferation and differentiation of hemopoietic 
stem cells can be maintained over a long period (weeks to 
months), provided that an adherent stromal layer is present 
This adherent stromal layer is believed to possess the salient 
features of the bone marrow stroma in vivo.“ However, 
only granulocytes and monocytes are produced."* The differ- 
entiation of erythroid progenitors is usually blocked at the 
stage of BFU-E, even with erythropoietin added." Thus, it 


system for the study of the stroma.*? 


has been impossible to analyze the interactions between 
erythroid progenitors and the stromal cells in the long-term 
bone marrow liquid cultures. 

Recently, we introduced a coverslip-transfer culture sys- 
tem designed to study the interactions between enriched 
hemopoietic progenitors and stromal cells.'? In contrast to 
the long-term bone marrow culture, most of the colonies that 
develop in the coverslip-transfer culture system are ery- 
throid. Their clonal origin is suggested by their discrete 
appearance on the stromal monolayers and also by time- 
lapse video recording. These data are not shown, but repre- 
sentative photomicrographs are presented in Fig 5. In this 
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study, we provide evidence that human primitive erythroid 
progenitors bind to stromal fibroblasts and fibronectin with a 
greater affinity than granulocyte-macrophage progenitors 
This finding seems to contradict many observations that 
erythroblasts are preferentially associated with macrophages 
in a structure called the “erythroblastic island,” whereas 
granulocytes seem to be preferentially associated with adipo- 
cytes or fibroblastoid reticular cells in bone marrow," or in 
vitro. ™” The blood cells described in those reports were 
“morphologically recognizable” erythroblasts or myelo- 
blasts, however; both are rather differentiated “precursors.” 
not the progenitors (morphologically unrecognizable) exam- 
ined in the present study. 

Our calculation indicates that roughly 10% to 16% of the 
BFU-E in the input population detected in the standard 
short-term colony assay were transferred along with the 
ST-1 monolayer or fibronectin-coated culture surface after 
the washing procedure. The explanation for the small propor- 
tion of erythroid progenitors bound to fibronectin is probably 
technical. When enriched bone marrow cells were serially 
transferred to three fibronectin-coated plates. a similar pro 
portion of BFU-E (~10%) bound on each occasion (data not 
shown). This suggests that the incubation conditions may be 
inadequate for optimal exposure of all BFU-E to fibronectin 
molecules, perhaps due to the two-dimensional distribution 
of fibronectin on the culture plates. In vivo BFU-E would be 
exposed to fibronectin in three dimensions. Alternatively, 
BFU-E-derived colonies enumerated in short-term colony 
assay are heterogeneous in size and in colony morphology 
They are probably derived from erythroid progenitors at 
various stages of differentiation, with the larger colonies 
being derived from the more primitive progenitors since they 
have a greater proliferative potential. In the present study, 
the erythroid progenitors transferred were those that bound 
most strongly (to withstand the washing and manipulation) 
to fibronectin. Because most of the transferred progenitors 
formed large erythroid colonies consisting of several thou- 
sand erythroblasts, and therefore were probably the more 
primitive ones, primitive erythroid progenitors may have 
bound more strongly to fibronectin than the more mature 
erythroid progenitors and were selectively transferred. Evi- 
dently, however, erythroid progenitors at all stages of differ- 
entiation do exhibit an affinity for fibronectin since differen- 
tiating erythroid progenitors and precursors remain bound to 
fibroblasts’ and fibronectin-coated surfaces until enuclea- 
tion (Fig 5) 

That 70% to 99% of the binding of BFU-Es to fibroblasts 
could be blocked by rabbit anti-fibronectin antiserum indi- 
cates that most, if not all, of the binding was mediated by 
cell-surface fibronectin. The HLA «& chain-specific mono- 
clonal antibody W6/32 could not inhibit the binding. Fur- 
thermore, the binding between erythroid progenitors and 
fibronectin was inhibited by a monoclonal antibody specific 
for the cell-binding domain of the fibronectin molecule, but 
not by the monoclonal antibody specific for the gelatin- 
binding domain of fibronectin (Fig 3). Recently, both MELI 
cells and reticulocytes were shown to bind to the same 
cell-binding domain on fibronectin as do normal rat kidney 
(NRK) fibroblasts.”°* A 140-kd fibronectin receptor on 
MEL cells has been described. The gradual loss of this 
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Fig 7. Cell surface characteristics of 
erythroid progenitors at three different 
stages of differentiation. Erythroid pro- 
genitors were cultivated on fibronectin 
coated glass coverslips and fixed on day 5 
(A), day 8 (B), and day 11 (C,D,E). Coarse 
gyri and sulci were present throughout 
differentiation until the reticulocyte 
stage. Multiple microspikes emanating 
from the cell bodies are evident in A. D: 
An enucleating erythroblast. E: A cell in 
the process of enucleation above and a 
smooth-surfaced reticulocyte below. 


receptor on differentiation of MEL cells correlated with a 
loss of adhesion to fibronectin.’ Taken together, these data 
suggest that erythroid progenitors bind to fibronectin 
throughout the differentiation process from the BFU-E stage 
to the reticulocyte stage. with gradual loss of binding toward 
the end of the differentiation. Myeloid progenitors, on the 
other hand, do not bind to fibronectin as strongly as do 


BFU-E; 


diferentiate and mature into functional granulocytes and 


they may develop affinity for fibronectin as they 


macrophages. Other components of the extracellular matrix 
such as the proteoglycans are synthesized by many stromal 
cell types, including fibroblasts, endothelial cells, monocytes, 
and smooth muscle cells. Some of these components may 
play a role in myeloid cell adhesion and differentiation.” l 
Using this approach, we were able to study the surface 
characteristics and the ultrastructure of erythroid progeni- 
tors with relative ease. The earlier erythroid progenitors had 
many coarse gyri and deep sulci, resembling the surface of 
the cerebral hemisphere (Fig 7A). These gyri and sulci are 
different from the membrane ruffles or lamellipodia usually 
seen on fibroblasts or macrophages. Aside from the coarse 
gyri and sulci, progenitors possess multiple microspikes. We 
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believe that these microspikes,” like those on fibroblasts or 
on the growth cone of neurites, are involved in the migration 
of erythroid progenitors. Indeed, we observed the slow and 


random migration of erythroid progenitors on fibronectin 
coated surfaces using time-lapse video recording (data not 


shown). The migration ceases after the hemoglobinization of 


the erythroblasts, the stage when microspikes are no longer 
seen 

We propose that the stromal fibroblast/ fibronectin repre 
sents a microenvironmental niche in which the prii 





erythroid progenitors reside and migrate. The stromal fibro 
blasts provide both extracellular matrix and hemopoietic 
growth factors for the developing erythroid progenitors. As 
erythroid progenitors differentiate and mature into erythro 
cytes, they gradually lose affinity for fibronectin, dissociate 


from this particular niche, and enter the circulatior 
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Predictive Markers of Chronic Liver Disease in Hemophilia 


By C.R.M. Hay, F.E. Preston, D.R. Triger, M. Greaves, J.C.E. Underwood, and L. Westlake 


In an attempt to predict progressive liver damage in 
hemophiliac patients by noninvasive means, we conducted 
a retrospective analysis of clinical and laboratory data from 
44 liver biopsies taken from 35 hemophiliac patients. This 
showed that serum IgG was normal in patients with chronic 
persistent hepatitis (CPH) but significantly elevated in 
those with chronic active hepatitis (CAH) or cirrhosis (CIR) 
(P < .001). Relationships were less significant between 
liver histology and IgM (P < .01), IgA (P < .05), and globulin 
(P < .05). This was unaffected by human immunodefi- 


ECENT LIVER biopsy data show that progressive liver 

disease is a serious problem in hemophilia’? and may 
be the most common cause of death among hemophiliac 
patients. Whereas most hemophiliac patients have minor 
degrees of liver disease such as chronic persistent hepatitis 
(CPH), a substantial proportion have chronic active hepatitis 
(CAH) or cirrhosis (CIR), usually without symptoms. 
Because these patients are at risk of developing clinical 
problems, early identification is important so that they may 
be followed and treated appropriately. Currently, liver 
biopsy is regarded as the only reliable method for distin- 
guishing between nonprogressive hepatitis and more serious 
liver disease. Many clinicians are reluctant to resort to liver 
biopsy because of the inherent risks of the procedure: indeed, 
liver biopsy in hemophiliac patients has been suggested to be 
particularly hazardous.” Therefore, a simple and more read- 
ily available marker of severe hemophilic liver disease is 
needed. This prompted us to perform a retrospective analysis 
of clinical and laboratory data from our 35 biopsied hemo- 
philiac patients to see whether any of these enabled us to 
distinguish patients with progressive liver disease from those 
with nonprogressive liver disease. 


MATERIALS AND METHODS 


Patients. Thirty-five patients underwent liver biopsy between 
1977 and 1986. The selection criteria have been published else- 
where.' The mean age was 33.4 + 18.2 years (Mean = | SD) (3 to 
70 years) at the time of their first biopsy. Thirty-two had hemophilia 
A, 2 had hemophilia B, and | had von Willebrand’s disease. 
Twenty-four were severely affected (factor VIH or IX <2%), and 11 
were mildly affected (factor VIH or IX >2%). Nine of these had a 
second liver biopsy after a mean interval of 46.7 + 21 months (range 
24 to 96 months). Factor VHH or IX consumption during the 3 years 
prior to each biopsy was calculated from the hospital records and 
cross-checked with the patient's factor VHH or IX returns. 

Liver biopsies. All liver samples were obtained using a Klatskin 
needle with precautions as previously described.’ Details of the 
histological processing have also been described before.’ The pres- 
ence of microvesicular steatosis, sinusoidal infiltration, and periduc- 
tal infiltration was construed as evidence of non-A, non-B hepatitis 
virus infection (NANB).°” All liver biopsies were stained, using an 
immunofluorescent method, for 6 antigen. 

Physical signs. All patients were seen every 6 months for blood 
sampling and physical examination. Over the past 4 years, this has 
been performed by the same physician each time. 

Biochemistry. Serum aminotransferases, bilirubin, albumin, 
and globulin levels were measured using standard auto analyzer 
techniques. Prothrombin times were also measured at the time of 
biopsy, partly as a measure of hepatic function. All values outside 
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ciency virus (HIV) antibody status in asymptomatic individ- 
uals. Although patients with progressive liver disease were 
also older than those with CPH (P < .001), the immuno- 
globulin abnormalities were independent of this. Neither 
clinical examination nor liver biochemistry at the time of 
biopsy were of significant diagnostic value. Our results 
indicate that in the absence of AIDS an elevated IgG level is 
a reliable indicator of progressive hemophilic liver disease. 
® 1987 by Grune & Stratton, Inc. 


the reference range were considered abnormal. When three or more 
consecutive aminotransferase levels from a patient, covering a period 
of at least 1 year, were all normal, the patient's aminotransferase 
pattern was considered normal. When three or more tests covering a 
2-year period were all abnormal and there was no evidence of a 
return to normal, the patient’s aminotransferase pattern was consid- 
ered persistently abnormal. Patients with at least three observations 
over a 2-year period not conforming to either pattern we 
ered to have an intermittently abnormal aminotransferase pattern. 

Serology. Serum immunoglobulin levels were determined using 
an immunonephelometric assay using endpoint kinetics on a rapid 
centrifugal auto-analyzer (Baker Instruments, Encore}. Antinu- 
clear, anti-smooth muscle, and antimitochondrial antibodies were 
measured by indirect immunofluorescence, screened at a titer of | in 
20: anti-dsDNA was measured by reverse passive hemageglutima- 
tuon. 

Hepatitis B serology including HBsAg, ant-HBc, and anti-HBs 
were determined by radioimmunoassay (RIA) at the time of biopsy. 
IgM anti-HBe was also determined, using RIA, in patients who had 
no evidence of anti-HBs following a documented episode of hepatitis 
B, to exclude continuing active hepatitis B infection. 

Human immunodeficiency virus (HIV) antibody was measured 
by RIA in stored serum samples taken serially between 1977 and 
1986. The relationship between serum IgG level and HIV serocon- 
version and between serum IgG level was analyzed in 23 HIV 
antibody-positive hemophiliac patients, 15 of whom had undergone 
liver biopsy. 

Statistics. Dividing the patients into those with CPH, those with 
CAH, and those with CIR, we analyzed the relationship between 
histological diagnosis and various parameters of possible predictive 
value. The relationship between liver histology and age, factor VIH 
or IX consumption in the 3 years prior to biopsy, and mean serum 
immunoglobulin and globulin levels during the year of biopsy was 
examined by analysis of variance. The relationship between liver 
histology and the degree of abnormality of the aminotransferases 
during the year of biopsy was analyzed using one-way nonparamet- 
ric Kruskall-Wallis analysis of variance. Discriminant analysis was 


consid- 
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Table 1. Results of Serial Liver Biopsies 
Patient 1 2 3 4 5 6 Pi 8 9 10 Ti 12 
First biopsy i CPH CPH CPH CPH CPH CPH CPH CPH CAH CAH CAH CAH 
Second biposy CPH CPH CAH CAH CIR CIR CIR* CIR* CIR* CPH CIR CIR 





Abbreviations: CPH, chronic persistent hepatitis; CAH, chronic active hepatitis; CIR, cirrhosis. 


*Not rebiopsied; clinical evidence of CIR including esophageal varices. 


applied to combinations of mean IgG, IgM, and IgA levels during 
the year of biopsy in an attempt to improve the predictive power of 
IgG alone. 

Because there was a significant positive correlation between 
progressive liver disease and both increased serum IgG and increas- 
ing age, it was important to establish whether serum IgG varied 
independently of age. Therefore, since CPH is not in itself associated 
with a raised IgG level,’ the relationship between IgG and age was 
analyzed in 24 hemophiliac patients, aged 3 to 66 years with 
biopsy-proven CPH. Using Kendall's rank correlation coefficient. all 
137 IgG estimations from these patients were analyzed in relation to 
age at the time of sampling. The relationship between serum IgG 
level during the year of biopsy and the factor VIH consumption 
during the 3 years prior to biopsy was analyzed using Pearson's 
product-moment correlation coefficient for the 39 biopsies for which 
this information was available. The change in serum IgG level at the 
time of HIV antibody seroconversion was analyzed using Student’s 
paired 7 test. 


RESULTS 

Initial biopsy in 35 patients showed CPH in 21, CAH in 9, 
and CIR in 5. Nine patients underwent a second biopsy, 
results of which are shown in Table 1. A further three 
patients developed esophageal varices and other physical 
signs of CIR (Table 1). Therefore, of the 44 liver samples 
from 35 patients, 24 had CPH, 11 had CAH, and 9 had CIR, 
and there is now clinical evidence of CIR in 3 other 
patients. 

Histological stigmata suggestive of NANB hepatitis were 
found in 33 biopsies from 27 patients (20 CPH. 7 CAH, 6 
cirrhosis). None of the liver samples had ground-glass or 
orcein-staining hepatocytes indicative of continuing intrahe- 
patic HBV infection. HBsAg was not detected in the serum 
of any patient at the time of biopsy. Continuing HBV 
infection was suggested in one patient with CPH, who was 
biopsied 6 months after an episode of typical hepatitis B, by 
the presence of IgM anti-H Bc. 

Physical signs. Four patients, all with cirrhosis, had 
spider naevi. Eight patients had hepatomegaly (2 had CAH 
and 6 had CIR) at the time of biopsy. The spleen was 
palpable in 6 (in 3 with CPH, in 3 with CIR). 

During a mean period of observation of 48 + 26 months 
after biopsy, the spleen became palpable in 9 other patients 
(3 with CPH, 3 with CIR and 3 with clinical CIR). Thus, at 
the time of writing, 15 patients have a palpable spleen; 8 of 
these are now HIV antibody-positive (3 with CPH, 5 with 
CIR). Esophageal varices were demonstrable in only 3 of the 
8 HIV-positive patients. Although 9 of our 12 patients with 
CIR have splenomegaly, esophageal varices were demonstra- 
ble in only 6. Three patients with CIR developed ascites and 
hepatic encephalopathy. All three died, two of hepatic failure 
and the third of intracranial haemorrhage. The number of 


patients with abnormal physical signs was too small for 
statistical analysis. 

Age at time of biopsy. Age at the time of biopsy (44 
biopsies) differed significantly among the three groups of 
patients with CPH, CAH, and CIR; their mean ages were 
28.2, 33.7, and 53.4 years, respectively (P < .001). The age 
of those with CIR was also significantly higher than those 
with CAH and those with CPH (P < .05). 

Liver biochemistry. We could demonstrate no statisti- 
cally significant relationship between the mean degree of 
elevation of the AST or ALT during the year of biopsy and 
the liver histology (Table 2). Serum bilirubin, serum albu- 
min, and prothrombin time were invariably normal during 
the year of biopsy, but became abnormal during the last few 
months of life in the three patients who died. Mean serum 
globulin level was significantly higher in those with CIR 
(P < .05) than in those with CPH or CAH. 

Serum immunoglobulins. Simultaneous immunoglobu- 
lin data were available for 41 of the 44 biopsies. There was a 
highly significant difference in mean IgG level during the 
year of biopsy among the three histological groups 
{P < .001), using the analysis of variance (Fig 1). The mean 
IgG level in the group with CIR was significantly higher 
than in both the CAH and the CPH group (P < .05). 
Similarly, the IgG level in the CAH group was significantly 
higher than in the group with CPH (P < .05). Patients with 
CPH had serum IgG levels consistently within the norma! 
range, whereas IgG level did not reliably discriminate 
between CAH and CIR; the higher the serum IgG level, the 
more likely the presence of CIR. Discriminant analysis of 
combinations of IgG, IgM and IgA results failed to improve 
on the predictive value of IgG alone. Among the nine patients 
who underwent a second liver biopsy, progressive liver dis- 
ease in Six patients was associated with a rise in the mean 
IgG during the year of biopsy from 13.8 + 2.4 g/L at the 
time of the first biopsy to 21.1 + 8 g/L at the time of the 
second biopsy. Similar changes were observed in two patients 
with clinical evidence of progression to CIR in whom serial 
immunoglobulin levels were available. In contrast, in the 
three patients in whom the liver disease remained static or 
improved, IgG levels remained unchanged and within the 
normal range (Fig 2), but the number of observations was too 
small for statistical analysis. 


Table 2. Mean AST and ALT in U/L During the Year of Biopsy in 
Relation to Biopsy Result 











CPH {n = 25} CAH {n = 10) Cirrhosis in = 9) 
AST (7-40 U/L) 72 + 48 143.2 + 126 89.1 + 40.8 
Range 23-137 52-448 33-167 
ALT (7-45 U/L} 131.6 + 95.4 197 + 109 116 + 94 
Range 22-407 77-420 53-372 
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Fig1. Relationship between IgG and liver histology for 41 liver 


biopsies; normal range 5.3 to 16.5 g/L. 


No relationship between factor VHI use in the 3 years 
prior to biopsy and serum IgG level could be demonstrated 
for the 39 biopsied patients for whom this information was 
available (r = —.1408, P = .20). Similarly, no significant 
relationship could be demonstrated between serum IgG level 
and age, using 137 observations from 24 patients with CPH 
{r = .270, P = 448). 

Serum IgM levels varied significantly among the three 
groups (P < .01), using the analysis of variance. The mean 
IgM in the group with CIR was significantly higher than 
that in the group with CPH (P < .05) but not higher than 
that in the group with CAH, indicating limited predictive 
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Fig 2. Change in IgG with both progressive and nonprogres- 


sive liver disease. * Clinical, not histological, evidence of cirrhosis 
and therefore not included in the analysis. 
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power. Although IgA levels varied significantly between the 
three groups (P < .05), and was highest in those with CIR, 
no significant difference between any two groups could be 
demonstrated. 

At the time of biopsy, only four of our patients were HIV 
antibody positive, and all had CPH and normal IgG levels. 
To determine the extent to which HIV virus infection might 
mask the relationship between IgG and liver disease, we 
studied 23 asymptomatic HIV antibody-positive hemophil- 
iac patients, including 16 with persistently abnormal, 6 with 
intermittently abnormal, and | with normal aminotransfer- 
ase levels. There was no significant difference between the 
mean IgG in the year before HIV seroconversion as com- 
pared with the year following HIV seroconversion of 
16.34 + 3.4g/Lv15.9 + 3.49/L. 

Autoantibodies. Autoantibodies were repeatedly absent 
from all patients. 

Factor VIH treatment. No significant relationship 
appeared to exist between the factor VIH consumption in 
U/kg per year during the 3 years prior to biopsy and the 
histological diagnosis (P > .0S). Although the group with 
cirrhosis had the lowest factor VII] consumption, presum- 
ably because 5 of the 10 were mildly affected by hemophilia. 
this difference did not achieve statistical significance. 


DISCUSSION 


Despite our extensive experience of liver biopsy in hemo- 
philiac patients without major complications, we were 
nevertheless concerned by the inherent risks of the proce- 
dure. This prompted us to analyze retrospectively the clinical 
and laboratory data from our 35 biopsied haemophiliac 
patients to see whether any of these were associated with 
progressive liver disease. 

The presence of abnormal physical signs was of diagnostic 
value in only a few patients. Although patients with spider 
nevi always had CIR, these were found in only 4 of the 12 
patients with this complication. Splenomegaly correlated 
poorly with portal hypertension, since esophageal varices 
were demonstrated in only six of the nine patients with CIR 
and splenomegaly. Indeed, the discovery of a palpable spleen 
in the absence of esophageal varices in five HIV antibody- 
positive patients suggests that splenomegaly may be a fea- 
ture of HIV infection, as suggested by Ludlam and col- 
leagues.’ Splenomegaly was reported in hemophiliac patients 
even before the advent of the HIV infection, however." 

We confirmed earlier observations that the degree of 
elevation of the aminotransferases is of no diagnostic val- 
ue.!' Marginal elevations are found in all groups, and 
resolution of the biochemical abnormalities is observed in 
some subjects with developing CIR. The emergence of an 
intermittently abnormal pattern of aminotransferases in 
eight patients with CPH is consistent with the suggestion 
that CPH may be associated with this pattern of liver 
enzyme abnormality." 

The incidence of progressive liver disease increased signifi- 
cantly with advancing age. This may reflect the greater time 
that older patients have had for their liver disease to develop. 
Alternatively, it may suggest a change in host response to 
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hepatotropic viruses with increasing age. It is unlikely to be 
accounted for by an increased total lifetime exposure to 
clotting factor concentrates, because we could find no rela- 
tionship between the severity of the liver disease and the 
factor VHI consumption and because almost all patients 
develop NANB hepatitis after their first exposure to non- 
heat-treated factor VIH concentrate."® 

Although it has been suggested that chronic HBV or 6 
infections are responsible for most cases of progressive 
hemophilic liver disease,'*!> we can demonstrate no such 
clear-cut relationship. Serological evidence of continuing 
HBV infection was found in only one biopsied patient, who 
had CPH. This ts representative of our population, since only 
4 of our 150 hemophiliac patients are chronic HBV carriers. 
Similarly, 6 infection was demonstrated in only six biopsied 
patients, all of whom have CPH. In contrast, 27 of the 35 
biopsied patients have histological stigmata suggestive of 
NANB hepatitis. Therefore, having excluded other causes 
for liver disease, such as alcohol, HBV, and autoimmune 
disease, we believe that our biopsy group is etiologically a 
remarkably homogeneous one, in which most of the liver 
disease can be attributed to NANB hepatitis and very little 
to HBV or 6. 

Hypergammaglobulinemia has been associated with CIR 
and CAH for many years,” although we are unaware of any 
reports of it in chronic NANB hepatitis. Although serum 
globulin, IgM, and IgA levels were significantly increased in 
patients with progressive haemophilic liver disease, they did 
not discriminate reliably between the various histologic 
groups. In contrast, the serum IgG level appeared to be a 
reliable indicator of both progressive and nonprogressive 
hemophilic liver disease. The serum IgG levels in patients 
with CPH were tightly grouped within the normal range, 
confirming the observations of Chadwick and colleagues in 
CPH following hepatitis B.* Although serum IgG did not 
reliably discriminate between CAH and CIR, serum IgG 
was significantly more elevated in patients with CIR than in 
those with CAH, and as the serum IgG level became higher, 
cirrhosis became progressively more likely. Progression of 
liver disease was almost invariably associated with a substan- 
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tial increase in serum IgG. In contrast, serum IgG remained 
unchanged in three patients in whom no change occurred 
between biopsies (Fig 2). There is no relationship between 
age and IgG in our hemophiliac patients or indeed in rormal 
subjects.” All patients in our series with serum IgG levels 
>17 g/L had CAH or CIR. Twenty-five of 106 hemophiliac 
patients seen in 1986 have IgG levels in this range, suggest- 
ing that the prevalence of CAH and CIR among hemophiliac 
patients treated with blood products is ~25%. This is in close 
agreement with the report of a retrospective study of 155 
unselected liver biopsy and necropsy specimens by Aledort 
and colleagues.’ CPH was observed to progress to CAH or 
cirrhosis in six of our patients and is clearly less benign than 
had earlier been supposed. In view of this, serum IgG should 
be measured at intervals in such patients to enable one to 
identify those developing progressive liver disease. 

Although 50% of cases of AIDS-related complex (ARC)"* 
and most cases of AIDS" have elevated IgG and IgA levels, 
our results are unaffected by this since none of our patients 
suffered with either disorder at the time of biopsy. Moreover, 
only four individuals, all with CPH and normal IgG levels, 
were HIV antibody positive at the time of biopsy HIV 
antibody seroconversion per se was also unassociated with 
any change in IgG level, consistent with reports of normal 
immunoglobulin levels in most asymptomatic HIV antibody 
positive patients from other risk groups.'*”° We therefore feel 
confident that in the absence of AIDS, ARC, or autoimmune 
disease an elevated serum IgG level is a reliable marker of 
severe hemophilic liver disease. This requires prospective 
confirmation by others. 
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Plasminogen Activator in Normal Subjects After Exercise and Venous Occlusion: 
t-PA Circulates as Complexes With Cl-Inhibitor and PAI-1 


By N.A. Booth, E. Walker, R. Maughan, and B. Bennett 


Exercise to exhaustion was associated with the appear- 
ance in plasma of plasminogen activator (PA) in several mol 
wt forms, as identified by sodium dodecyl sulfate- 
polyacrylamide gel electrophoresis (SDS-PAGE) with 
zymography. A number of active bands, all immunologically 
identified as tissue-type PA (t-PA), were observed. The 
major form had an apparent mol wt of ~60,000 and is due 
to free t-PA. The other strong bands had apparent mol wts 
of ~110,000 and 180,000. The 110,000 band, also present 
in pre-exercise samples, represents t-PA complexed with 
its major inhibitor (PAI-1), and the 180,000 band is due to 
t-PA complexed with C1 inhibitor. The released forms of 
t-PA were cleared rapidly after cesssation of exercise at 


IBRINOLYTIC processes depend on the conversion of 

the plasma protein plasminogen to the protease plasmin 

by plasminogen activators. Two principal species of plasmin- 

ogen activator (PA) have been identified, tissue-type PA 

(t-PA), identified in and purified from tissue extracts,’ and 

urokinase-type (u-PA), purified from urine.’ Both types of 

PA have been identified in human blood,*" but their relative 
importance and physiological roles remain uncertain. 

For many years, strenuous short-term or sustained physi- 
cal exercise** and venous occlusion’ have been known to 
increase plasma fibrinolytic activity; this rise reflects 
increased levels of plasminogen activator, primarily t-PA,*° 
rather than formed plasmin. Numerous studies have con- 
firmed these observations: most have used techniques such as 
the euglobulin lysis time (ELT) or fibrin plate lysis. Such 
methods, while primarily measuring overall PA activity, are 
materially influenced by other variables such as fibrinogen or 
plasminogen concentrations and by inhibitors of plasmin- 
ogen activation or of plasmin itself. 

We applied the technique of Granelli-Piperno and Reich’? 
to analysis of samples of whole plasma.''? This method uses 
sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE) to separate plasma proteins on the basis of 
molecular weight. Thereafter, PAs are identified zymo- 
graphically by laying the washed gel on a detector gel that 
contains fibrin and plasminogen. PA activity is revealed after 
incubation by the development of visible bands of lysis in the 
opaque fibrin film in areas where PA has diffused into the 
detector gel and converted its plasminogen to plasmin with 
resultant local lysis of the fibrin. This technique separates 
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exhaustion. Urokinase-type PA (u-PA) activity was also 
identified in pre- and postexercise samples at an apparent 
mol wt of ~50,000. This is consistent with its being free 
u-PA; no complexed forms of u-PA were observed. Cualita- 
tively similar changes in plasma PA were observed after 
venous occlusion. Small quantities of plasmin were gener- 
ated after strenuous exercise, as observed by detection of 
plasmin-a,-antiplasmin complex by two-dimensional im- 
munoelectrophoresis in three of five subjects. This com- 
plex was cleared rapidly after cessation of exercise. Plas- 
min-a,-antiplasmin complex was not detected in any of the 
subjects after venous occlusion. 

® 1987 by Grune & Stratton, Inc. 


PAs in plasma from one another, from plasminogen, and 
from the inhibitors of fibrinolysis. This allows their enumera- 
tion and characterization, in terms of their mol wt and 
immunological reactivity. This approach was used to study 
the response to strenuous standardized physical activity” 
and to venous occlusion to investigate the contribution of the 
different species of PA. 


MATERIALS AND METHODS 


Blood samples were collected into 0.1 vol of 0.13 mol/L of'sodium 
citrate and chilled on ice. Platelet-poor plasma was prepared by 
centrifugation at 1,000 g for 15 minutes at 4°C. All plasma samples 
were stored at — 70°C. 

ELT and fibrin plate lysis assays were performed as previously 
described.“ Fibrin plate assays were used to examine PA activity in 
both unfractionated plasma and in the euglobulin fraction. Plasmin- 
axantiplasmin complexes in plasma were detected by the two- 
dimensional immunoelectrophoresis technique described previous- 
ly." 

SDS-PAGE with zymography to detect PA was performed on 
plasma samples as previously described. Immunological identifica- 
tion of the PA was achieved by inclusion of specific immunoglobulin 
to either t-PA or u-PA in the detector gels.’ Antibodies to t-PA and 
u-PA were from Biopool (Hornefors, Sweden) and all other antisera 
were from Dako Immunochemicals, Copenhagen. Immunoolotting 
was performed as described by Burnette.” Immunodeplet:on was 
performed on columns of immunoglobulin linked to Sepharose 4B, as 
described previously.'* Cl-Inhibitor was kindly donated by Dr M. 
Smith, Department of Pathology, University of Dundee, Scotland. 

Subjects: Physical exercise. Healthy normal male subjects 
between the ages of 21 and 32 years were studied. Five subjects 
(VO"™ 54, 58, 59, 60, and 62 mL/min/kg) were exercised to 
exhaustion on a bicycle ergometer at ~70% of their VO?"™*, Venous 
blood samples were withdrawn immediately prior to exercise, at 
intervals up to exhaustion, and for several hours postexhaustcon. 

Subjects: Venous occlusion. Healthy men and women aged 26 
to 45 years were studied. After a 30-minute period of recambent 
rest, a venous blood sample was obtained from one arm. A sphygmo- 
manometer cuff was applied to the opposite arm, and the pressure 
was maintained at midway between systolic and diastolic (usually 90 
to 100 mm Hg) for 15 minutes, after which further blood samples 
were obtained from both arms and the pressure in the cuff was 
released. 

All subjects for both exercise and venous occlusion experiments 
gave informed consent in accordance with the Helsinki Agreement 
on Human Experimentation. 
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PLASMA PA AFTER EXERCISE AND VENOUS OCCLUSION 


RESULTS 


Zymography on plasma from normal resting sub- 
jects. SDS-PAGE with zymography on plasma samples 
from resting subjects produces two bands of plasminogen- 
dependent lysis, one of mol wt 110,000 and a faint one of 
50,000, as well as a weak band of plasminogen-independent 
lysis of mol wt 95,000 (Fig 1). Inclusion of specific immuno- 
globulins to t-PA in the detector gel abolished the 110,000 
band whereas immunoglobulin to u-PA abolished the faint 
50,000 band. Neither had any effect on the plasminogen- 
independent activity (Fig 1). 

Plasma from subjects after exercise or venous occlu- 
sion. Exercise or venous occlusion was associated with 
several changes in active bands of PA. A very broad band of 
PA of mol wt 55,000 to 65,000 appeared, sharply demar- 
cated at its advancing border. The intensity of the band of 
110,000 mol wt increased, and heterogeneity in this mol wt 
range appeared. A new band of activity of about 180,000 mol 
wt was observed. 

Characterization of the PA activity appearing after exer- 
cise. The PA activity of plasma samples taken at exhaus- 
tion was examined using antibodies to t-PA and u-PA. 
Almost all the new bands of PA activity appearing in plasma 
after exercise were inhibited by antibody to t-PA (Fig 2). 
The exception was a crescent at the leading edge of the broad 
band of PA activity of ~60,000 mol wt that remained 
unaffected by this antiserum. This may be due to u-PA. 
Plasminogen-independent lysis did not appear to be affected 
by exercise (Fig 2). All bands identified in euglobulin 
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Fig 1. Sodium dodecyl sulfate-polyacrylamide gel electropho- 
resis (SDS-PAGE) with zymography of resting plasma (A) without 
immunoglobulin, (B) with immunoglobulin to urokinase plasmin- 
ogen activator (u-PA), (C) with immunoglobulin to tissue plasmin- 
ogen activator (t-PA) and (D) without plasminogen in the detector 
gel. 
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Fig 2. Sodium dodecyl sulfate-polyacrylamide gel electropho 
resis (SDS-PAGE) with zymography of plasma taken after 80- 
minute exercise (exhaustion) (A) without immunoglobulin, (B) 
with immunoglobulin to tissue plasminogen activator (t-PA), (C) 
with immunoglobulin to urokinase plasminogen activator (u-PA), 
and (D) without plasminogen in the detector gel 


fractions were inhibited by antisera to t-PA (Fig 3). Thus, no 
u-PA-related activity appeared in euglobulin precipitates 
The t-PA in normal plasma is due to a complex of t-PA 
with its major inhibitor in the blood, PAI-1, and appears at a 
mol wt of ~110,000.'*”° This band was intensified on exer- 
cise. In addition, considerable heterogeneity of the t-PA 
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Fig 3. Zymography of eu- 
globulin fraction of postexer- 
cise sample without immuno- 
globulin (track A) and with anti- 
tissue plasminogen activator 
(anti-t-PA) immunoglobulin 
(track B). 
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related activity at ~110,000 mol wt was observed in postex- 
ercise plasma, but this remains unexplained. It was not due 
to plasminogen-independent activity, which does not appear 
to increase on exercise or venous occlusion (Fig 2). 

The band of ~180,000 mol wt in postexercise plasma and 
euglobulin was due to a complex between t-PA and Cl 
inhibitor (Fig 4). Purified t-PA, incubated with excess C1 
inhibitor, formed a complex that retained some PA activity 
(track b), as has been shown previously for t-PA—PAI-1.'%?! 
The complex of t-PA and C] inhibitor had the same mobility 
with and without plasma and was indistinguishable from the 
180,000 mol wt band seen in postexercise plasma. This band 
was removed from postexercise plasma by passage over a 
column of anti-Cl-inhibitor immunoglobulin linked to 
Sepharose. On immunoblotting with antibodies to C1 inhibi- 
tor, postexercise plasma showed a very faint band of 180,000 
mol wt in addition to a stronger band of ~120,000 mol wt, 
observed in both pre- and postexercise samples (data not 
shown). 

Serial studies on individuals exercised to exhaus- 
tion. Serial studies in the subjects exercised on the bicycle 
ergometer allowed observation of the time scale of the 
development of these new bands of PA activity and correla- 
tion of their development with changes in the crude studies of 
plasma PA activity by the fibrin plate and euglobulin lysis 
time techniques. 

Figure 5 (top) shows that the broad band of PA activity of 
~60,000 mol wt started to appear in whole plasma at 
between 30 and 60 minutes, the time when PA activity 
became detectable in whole plasma applied to fibrin plates. It 
was fully developed at 60 minutes. This band remained 
detectable in the 95-minute specimen taken 15 minutes after 
complete exhaustion and cessation of all exercise, but had 
completely disappeared 4 hours after cessation of exercise. 
The t-PA-C1 inhibitor complex (180,000 mol wt) was also 
fully developed at 60 minutes, was weaker at 95 minutes—15 
minutes after exercise ceased—and had disappeared com- 
pletely 4 hours after cessation of exercise. 

The activities of the euglobulin fractions of these plasmas 
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Fig4. Zymography of (A) tissue plasminogen activator (t-PA) 
(5 miU); (B) t-PA (5 mlU) plus C1 inhibitor (12 ug), preincubated 
for 30 minutes at 37°C; (C) t-PA plus C1 inhibitor as in (B) plus 
normal plasma; (D) postexercise plasma; and (E) postexercise 
plasma after passage over antibodies to C1 inhibitor-Sepharose. 
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Fig 5. Sodium dodecyl sulfate-polyacrylamide gel electropho- 
resis (SDS-PAGE) and zymography of plasma (top) and eugiobulin 
fractions (bottom) before, during, and after exercise to exhaus- 
tion. Exercise commenced at time O and continued until exhaus- 
tion, which occurred in this subject at 80 minutes. Subject had a 
VO max Of 62 mi/min/kg and averaged 72% of VO? ™ during this 
period of exercise. 


are shown in Fig 5 (bottom). A series of changes occurred 
similar to that observed in plasma. The 110,000 band of 
t-PA-PAI-1 complex is clearly present in the euglobulin 
fraction; no activity was seen in the supernatant after eu- 
globulin preparation. All the euglobulin PA was identified as 
t-PA (Fig 3). An additional band just above the 110,000 mol 
wt band was apparent in the 60- and 80-minute samples. The 
nature of this is unexplained, but it may be a complex of t-PA 
with another plasma inhibitor. No convincing evidence for a 
complex with a-antiplasmin or e-antitrypsin came from 
immunoblotting with antisera to these inhibitors. 

Generation of plasmin during exercise. \ntravascular 
generation of plasmin was examined using two-dimensional 
immunoelectrophoresis against antiserum to «,-antiplasmin. 
Figure 6 shows that at the point of exhaustion a small but 
definite second peak was detected. Similar peaks were 
detected in three of the five subjects studied. This slow- 
moving peak represents plasmin-e;-antiplasmin complex.” 
The complex was almost completely cleared 15 minutes after 
exercise ceased. 

Patterns of PA after venous occlusion. Blood samples 
obtained with and without venous occlusion were analyzed 
by the same methods. The observed changes in fibrinolytic 
parameters (data not shown) were indistinguishable from 
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Fig 6. Two-dimensional immunoelectrophoresis of whole 
plasma against antiserum to a,-antiplasmin (A) before exer- 
cise, (B) at point of exhaustion and (C) after 15-minute rest. 
Small peak of plasmin-a,-antiplasmin complex is indicated by 
arrow. 


those caused by strenuous exercise, except that no plasmin- 
-antiplasmin complex was observed in any of the subjects 
studied. 


DISCUSSION 


This study examined the relative roles played by t-PA and 
u-PAs in the well-known increase in fibrinolytic activity 
following physical exercise and venous occlusion. The tech- 
nique of SDS-PAGE followed by zymography allowed dem- 
onstration that this response is primarily due to t-PA-related 
material, which appears in several different mol wt forms, all 
neutralized by antiserum to purified t-PA. 

The appearance in plasma samples of the broad band of 
t-PA-related material of ~60,000 mol wt in the exercise 
experiment coincided in time with the appearance of detect- 
able PA activity in whole plasma when applied to fibrin 
plates. This band probably reflects free t-PA in the plasma, 
even though it migrates as a broader band of faster mobility 
than purified t-PA in the absence of plasma. Albumin 
considerably broadens the t-PA band and increases its mobil- 
ity. In experiments not illustrated here, we showed that the 
addition of purified t-PA to normal plasma results in its 
migration as a broad band of ~60,000 mol wt, indistinguish- 
able from that seen in postexercise plasma samples in this 
study. 

The t-PA-related band of ~180,000 mol wt was shown to 
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be due to a complex with Cl inhibitor. A complex was 
formed in vitro with purified proteins, when C1! inhibitor was 
present in excess, and the complex retained some PA activity 
on zymography. Its mobility was unaffected by the presence 
of plasma proteins and its apparent mol wt was indistinguish- 
able from the 180,000 mol wt band observed after exercise to 
exhaustion. The band was removed from postexercise plasma 
by passage over a column of antibodies to C1 inhibitor. 

The 110,000 mol wt band in normal samples is a complex 
of t-PA with its major circulating inhibitor,'’*° a platelet 
release product of ~48,000 mol wt.?!** which is also produced 
by endothelial cells**”* and is known as PAI-1. This band of 
complex is intensified during exercise, an increase that is 
most clearly observed on zymography of euglobulin fractions 
(Fig 5). A similar increase in this PA band in the euglobulin 
fraction after venous occlusion was reported.” The t-PA- 
PAI-1 complex clearly is precipitated in the cuglobulin 
fraction and was not detected in the supernatant fraction. In 
contrast, free PAI-1 is distributed about equally between the 
euglobulin and soluble fractions (N.A. Booth and B. Bennett, 
unpublished observations). The nature of the weaker band of 
slightly slower mobility than the t-PA-PAI-1 complex, 
observed in this study, is uncertain. 

Evidence has been presented by others for the presence of 
complexes of t-PA with a-antiplasmin, C1 inhibitor and 
@,-antitrypsin in plasma.™®™ In this study, no complexed 
forms of PA with a,-antiplasmin or with @,-antitrypsin could 
be demonstrated by immunoblotting; in each case, only a 
single band of the free inhibitor could be seen. Immunoblot- 
ting of normal and postexercise plasma with antiserum to C1 
inhibitor showed only a very faint band of 180,000 mol wt in 
the postexercise sample, in addition to the band of ~120,000 
mol wt seen in both samples. Thus, immunoblotting is a less 
sensitive technique than zymography for the detection of 
traces of this complex. 

In contrast to t-PA, no striking changes in plasma u-PA 
activity were observed after exercise. The 50,000 mol wt 
band of u-PA seen in resting plasma was also present after 
exercise, possibly slightly intensified. The interpretation is 
complicated by the fact that u-PA and free t-PA in the 
postexercise plasma are poorly separated in this electropho- 
retic system, in which the presence of a high concentration of 
albumin causes the t-PA to spread” so that it migrates 
almost as rapidly as u-PA. Thus, only in the presence of 
antibodies to one of these PAs can the two types be distin- 
guished (Fig 2). Because the techniques used in this study 
are not quantitative, no definite conclusion on changes in 
plasma u-PA concentration after exercise can be reached 
from these data. If there is a change, however, it is minor and 
all the detectable u-PA is free, uncomplexed to inhibitor. 
u-PA in patients with alcoholic cirrhosis is also detectable 
only in free form in plasma,'* even though in vitro studies 
show the PA inhibitor in plasma to be capable of forming 
complexes with u-PA as well as t-PA." This is probably 
because zymography detects only two-chain u-PA, and most 
u-PA in plasma is in the single-chain form.” Single-chain 
u-PA is stable in plasma” and is not susceptible to inhibition 
by PAI-1.”' 

Despite the considerable increase in total PA activity in 
the blood after exercise and venous occlusion and the pres- 
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ence of free t-PA, it is evident from these studies that very 
little plasmin was generated in most subjects during the 
observations. The method using two-dimensional immuno- 
electrophoresis against antiserum to a,-antiplasmin is sensi- 
tive enough to detect quantities of plasmin associated with 
clinical hemorrhage'*!*? but remains a relatively crude 
instrument in a study such as this. It did detect the genera- 
tion of significant amounts of plasmin-a,-antiplasmin com- 
plex in three men exercised to exhaustion. Similarly, Collen 
and co-workers” noted a small increase in this complex, 
assayed by latex agglutination, in three of four subjects after 
repeated exhausting exercise. In another study, in which 
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complex was assayed by a radioimmunoassay, less marked 
increases in complex were noted after exercise than after 
venous occlusion,” in contrast to our results. All these studies 
suggest that in some physiological as well as pathological 
situations sufficient plasminogen activator may be released 
to overcome inhibition of plasminogen activation and to 
result in generation of small quantities of plasmin in the 
circulating blood. 
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Establishment and Phenotypic Characterization of Three New Human Myeloma 
Cell Lines (U-1957, U-1958, and U-1996) 


By H. Jernberg, K. Nilsson, L. Zech, D. Lutz, H. Nowotny, and W. Scheirer 


Three new human myeloma cell lines (U-1957, U-1958, and 
U-1996) have been established in vitro. The cell lines are 
Epstein-Barr virus (EBV) negative, monoclonal, and aneu- 
ploid and should thus represent malignant cell populations 
and not EBV-carrying non-neoplastic B lymphoblastoid cell 
lines. The myeloma origin of the cell lines is also suggested 
by their capacity for production of monoclonal complete 
immunoglobulin (Ig) molecules (U-1957 and U-1958) or IgG 
light chains (U-1996) of the same type as the myeloma 
protein in vivo. All the cell lines have morphological 
features of plasmablasts-plasma cells but appear to repre- 
sent slightly different stages of B cell differentiation. Thus, 
the U-1958 has plasma cell morphology, expresses only 
PCA-1 and OKT-10 but no other B ceil antigens, and 


No: ATTEMPTS have been made during the 
last two decades to establish human myeloma cells as 
continuously growing cell lines in vitro. These attempts, 
however, have met with little success despite the increased 
efforts to grow human myelomas that have been made 
following the introduction of the method to produce immuno- 
globulin (1g)-secreting mouse hybridomas. Very few authen- 
tic myeloma cell lines have been documented since the first 
report on a human myeloma cell line—the A chain secreting 
RPMI 8226-—was published in 1967.' Thus, only U-266, 
L-363,) KMM-1,* Karpas 707,° Fr KMM 56,’ LB-831 and 
LB-832," OPM-1 and OPM-2,° and NCI-H929"° appear to 
be cell lines where the myeloma nature has been proven 
beyond doubt. Other cell-putative myeloma cell lines have 
had a finite life span or have been found to be Epstein-Barr 
virus (EBV)-genome-carrying B lymphoblastoid cell 
lines. t? 

Two major factors seem to account for this low rate of 
success in establishing human myeloma cell lines. First, as 
judged from existing cell lines and from the behavior of 
myeloma biopsy cells in short-term culture, human myeloma 
cells are very strict in their nutritional! requirements. They 
can be grown only in rich tissue culture media and almost 
exclusively when these have been supplemented by addi- 
tional growth-promoting factors, usually derived from feeder 
cells such as fibroblasts." ? Second, the frequency of sponta- 
neously established EBV-carrying non-neoplastic, B lympho- 
blastoid cell lines is high in cultures of myeloma bone 
marrow explants. B lymphoblastoid cell lines always have a 
selective advantage over the slow-growing myeloma cells. A 
potential myeloma cell line will therefore be lost once the 
outgrowth of the EBV-carrying cells begins.”'* 

This article describes the establishment and characteriza- 
tion of three new human myeloma cell lines derived from the 
ascites and pleural effusion, respectively, of two patients with 
terminal myeloma. The phenotypic and cytogenetic exami- 
nation reveal that these three lines are true myeloma cell 
lines. 

MATERIALS AND METHODS 
Clinical Data 

U-1957 and U-1958 were derived from the pleural effusions 

obtained from a 60-year-old man with plasma cell leukemia. The 
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secretes 1.5 pg/mL of IgG/10° cells/24 hours. The U-1957 
has plasma cell morphology and expresses Fc receptors 
and the LB-1 antigen in addition to the PCA-1 and OKT-10 
antigens. This line produces only minimal amounts of igG, 
which appears not to be secreted. The U-1996, finally, is a x 
light chain producer, has a plasmablast morphology, and 
expresses LB-1 in addition to the PCA-1 and OKT-10 
antigens. All three cell lines are chromosomally heteroge- 
neous and contain several markers with a 14q+ abnormal- 
ity as a common characteristic abnormality. These new 
myeloma lines have been in continuous culture for ~3 years 
and are instrumental in studies of various aspects of the 
biology of human myeloma. 

® 1987 by Grune & Stratton, Inc. 


patient had been admitted to the hospital | year earlier with an 
advanced myeloma, and therepy was immediately instituted (vin- 
cristine, melphalan, cyclophosphamide, doxorubicin, CCNU, pred- 
nisone). Initially, the patient's peripheral blood plasma cell count 
was 1.8 x 10°/L. Myeloma cells also constituted 30% of the bone 
marrow cells, and several osteolytic lesions existed. A serum M 
component of IgG« (7.5 g/L) was detected by electrophoresis. After 
an initial response to therapy, the disease progressed. Apart from 
additional osteolytic lesions, the liver and pancreas became heavily 
infiltrated by myeloma cells. The patient eventually died from liver 
and cardiac insufficiency. 

The U-1996 cell line was derived from ascitic fluid obtained 
before chemotherapy was instituted. The patient was a 70-year-old 
woman who was hospitalized due to dyspnea and increasing abnor- 
mal circumference resulting from pleural effusion and ascites in 
which immature plasmablasts, most of which had typical morpho- 
logical features, were suspended. In addition, the normocellular bone 
marrow was infiltrated diffusely with such cells (~20%). In the 
peripheral blood, a small number (1.0 x 10°/L) of myeloma cells 
could also be detected. No osteolytic bone lesions could be demon- 
strated roentgenclogically. Laboratory data showed decreased 
serum immunoglobulin levels (IgG and IgA) and x light chain urea. 
Severe nephropathy (serum creatinine 7.5 mg/dL) with secondary 
hyperparathyroidism revealed an advanced stage of a primary 
extramedullary (?) myeloma with a secondary bone marrow infiltra- 
tion and leukemic course. Chemotherapy with vincristine, cyclophos- 
phamide, melphalan, and prednisolone was ineffective and was 
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complicated by development of bleeding from multiple gastric 
ulcers. The patient died of pneumonia and uremia. Autopsy revealed 
a multiple pleural and intrapulmonal tumor spread. Intraabdominal- 
ly, a huge tumor mass probably developing from the dorsal perito- 
neum overgrew most parts of the gut. 


Culture Methods 


Cells were harvested from the effusions by density-gradient centrifu- 
gation using Ficoll 400 (Pharmacia, Uppsala, Sweden). In an 
attempt to define the optimal growth conditions, cells were then 
incubated in Costar (Cambridge, MA) cluster plates in various 
media and sera combinations. The media tested were RPMI 1640, 
F-10, F-12, Eagles minimal essential medium (MEM), Waymouth, 
Iscove’s, and MCDB 105. The following sera were screened for their 
capacity to support growth and survival of the myeloma cells: fetal 
calf serum (FCS) from GIBCO (Grand Island, NY), newborn calf 
serum (NCS) from the same company, pooled human AB serum, 
horse serum, and reindeer serum. The possible growth-promoting 
effect of conditioned medium was tested by incubating cells in 
cluster plates in RPMI 1640 supplemented by 10% FCS and 30% of 
conditioned medium, obtained from a panel of human cell lines 
including B, T, and myelomonocytic cell lines, fibroblasts, glial cells, 
and various sarcoma and cancer cell lines. 

Maintenance of established cell lines. The lines were grown in 
25- to 50-mL Ehrlenmeyer Flasks. For U-1957 and U-1958, the 
culture vessels contained a monolayer of human adult skin fibro- 
blasts to provide necessary conditioning factors. U-1996 can be 
maintained without feeder cells. All lines are maintained in RPMI 
1640 or F10 supplemented with 10% FCS and antibiotics (100 
IU/mL of penicillin, 50 ug/mL of streptomycin). One third of the 
medium is changed twice a week. 

Growth characteristics. | The growth rate and the maximal cell 
density were determined from growth curves as described." 

Colony formation agarose. A cell suspension ~5 x 10° cells/ 
mL in 5 mL of F-10 supplemented by 10% NCS and 0.30% to 0.37% 
agarose was layered in 60-mm Petri dishes with or without a 
monolayer of fibroblasts. Finally, 2 mL of medium were gently 
dropped on top of the agarose layer. Cultures were incubated at 
37°C in a humidified 5% CO,/95% O, atmosphere and were 
examined for colonies twice a week for 6 weeks. 


Morphological Methods 


Transmission electron microscopy (TEM). Cells were centri- 
fuged at 400 g, and the pellet was gently resuspended in warm 
(37°C) 2% glutaraldehyde in 0.1 mol/L of Na-cacodylate buffer 
containing 0.1 mol/L of sucrose and fixed overnight at room 
temperature. The cells were postfixed in 2% osmium tetroxide in 
0.15 mol/L Na-cacodylate buffer. Further preparation was per- 
formed as reported in detail elsewhere.'® Sections were then studied 
in a JEOL 100 C microscope run at 60 to 80 kV. 

Scanning electron microscopy (SEM). Cells were fixed and 
postfixed as described above. They were then allowed to sediment 
onto coverslips covered by poly-L-lysine.” Cells were then dehy- 
drated and subjected to critical point drying’ and coated by gold 
palladium as described elsewhere.'? The specimens were examined in 
a JEOL microscope 100 C with scanning attachment run at 40 kV. 

Cytochemistry. A selected panel of cytochemical stains were 
used to characterize the cell lines: a-naphthylacetate esterase,” 
naphthol AS-D chloroacetate esterase,’ acid phosphatase,” and 
8-glucoronidase.” The fixation and staining were performed as 
detailed elsewhere.” 

Surface markers. The presence of Fey- and sheep RBCs 
(SRBCs) receptors was investigated by techniques previously 
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Table 1. Panel of Monoclonal Antibodies Used to Characterize 
U-1957, U-1958, and U-1996 Human Myeloma Cell Lines 





Differentiation 





Nature Associated 
of Surface 
Antibody Antigen Expression Reterence 
B1 p32 Pan-B 25 
B2 p160 Immature-virgin-B 26 
B4 p120 Pre ’~pre-B-pan-B 27 
BB1 p37 8 lymphoblast 28 
HH-1 p95 immature B-virgin B 29 
MHM6 p45 B lymphoblast 30 
LB-1 ND B lymphoblast 28 
PCA-1 ND Plasma cell 31 
PC-1 ND Plasma cell 31 
VIL-A 1 p100 Pre-B(myeloid cells) 32 
OKT10 p45 Thymocyte/plasma cell 33 
anti-TAC IL-2 receptor T and E cells 34 





ND, not determined. 


detailed.” A panel of monoclonal antibodies directed against cell 
source antigens expressed by B-cells at different stages of the 
differentiation pathway was used (Table 1). The antigen expression 
by the cell lines was examined by conventional indirect immuno- 
fluorescence using a fluorescein-labeled sheep anti-mouse amiserum 
purchased from the National Bacteriological Laboratory, Stock- 
holm. 

ig production. Cell-surface-bound Ig on living cells and cyto- 
plasmic Ig in fixed cells were studied using indirect immunofuores- 
cence. The panel of anti-lg antisera included rabbit antisera specific 
for Fab fragments of IgG, IgM. and IgA (Dako, Copenhagen). for 
IgD (a gift from M. Greaves, London and purchased from Behring- 
werke AG, Marburg-Lahn, FRG), IgE (a gift from Dr Hans 
Bennich, Uppsala, Sweden) and « and A (Dako). The FITC- 
conjugated swine anti-rabbit antiserum used in the second layer was 
from Dakopatts (Copenhagen). Ig secreted to the medium was 
measured by a radioimmunoassay (RIA). Antibodies specific for 
human Ig heavy (m, d, g) and light (x, À), chains (Dako) were 
coupled to cyanobromide-activated methylcellulose beads (Avicel: 
Merck, Darmstadt, FRG) as a solid phase. In an inhibition RIA, 
supernatant Ig was then measured by competition with I-labeled 
purified Iz chains.” 

Western blotting. To verify the light chain production from the 
established cell lines further, a Western blot was made using cell 
lysates. As positive controls, U-266 was used for A-light chain 
production, and a CLL patient was used for the « light chain 
production, respectively. Cytoplasmic proteins from 5 x 10° cells of 
each cell line were separated by electrophoresis on a 15% polyacryl- 
amide gel and then electrophoretically transferred to a nitrocellulose 
membrane using an electroblot apparatus with buffer consisting of 
25 mmol/L of Tris, 192 mmol/L glycine and 20% metharol (pH 
8.3). The membrane was blocked with 4% wt/vol nonfat dry milk” 
in phosphate-buffered saline (PBS). The same reagent used for 
blocking was utilized as a carrier for primary antibody (rabbit anti-A 
and anti-x, Pharmacia, Sweden) and secondary antibody (sheep 
6-galactosidase-conjugated anti-rabbit IgG, Pharmacia). To 
remove unreacted reagents, the same blocking buffer containing 
0.5% Tween 20 was used for washing. The blots were reacted with 
primary antibody for 4 hours, washed three times over | hour with 
the blocking buffer, reacted with the §-galactosidase-conjugated 
secondary antibody, washed as above and treated with the substrate 
containing 0.1 mg/mL of 6-bromo-2-naphthyl-6-p-galacto(py- 
rano)side, 0.5 mg/mL of Fast Garnet salt (Sigma, St Louis} and | 
mmol/L of MgCl, in PBS. 
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Table 2. Characteristics of Myeloma Cell Lines U-1957, U-1958, and U-1996 











Cell Line 
Characteristic U-1957 U-1958 U-1996 
Morphology 
Cell type Plasmacell Plasmacell 
Cell shape Round-ovoid, minimal Round-ovoid, extensive variation 
variation 
Cell surface Slender villi and blebs Slender villi and blebs 
Nucleus Finely granular chroma- Marginated heterochromatin, most cells have one 
tion; few nucleoli to two nucleoli; asymmetric localization of nu- 
Asymmetric localization of cleus 
nucleus 
Cytoplasm Well-developed Golgi ap- Moderately well-developed Golgi apparatus and 
paratus and rough ER rough ER; numerous mitochondria 
Numerous mitochondria 
Growth 


Growth pattern 
Dependence on feeder cells or conditioned 
medium 
Attachment to feeder cells 
Dependence on “rich” medium 
Growth in agarose 
Population doubling time {h} 
Maximum cell density 
(celis/mL) 
Cytochemical profile 
ANAE 
NSADCAE 
Acp ll 
B-GLU 
Cell surface markers 
B1 
B2 
B4 
LB-1 
BB-1 
PCA-1 
PC-1 
OKT-10 
MHM6 
c2 
VI-A 1 
Fe -y-receptor 
E receptor 
il-2 receptor 
Immunoglobulin production 
Cytoplasm IgG 
IgM 
IgA 


RIA (ng/mL)/IigM 
IgG 
Karyotype 


EBNA 


Single cells 

Yes 

Yes, slow 

Yes 

No 

48 60 

5 x 10° 3 x 10° 
+ + 
+++ +++ 
+++ ++ 

+ 

HE FF 
TF ++ 

+ n.t 

+ T E ia 
+ + 


— 1500 

Aneuploid; many markers 
including 6q+ and 
14q+; near diploid 


Single cells 
No 


Yes, slow 
Yes 


Aneuploid; multiple markers including 1p—, 64+ 
and 14q+; polyploid (7 1-172} 





Abbreviations: ER, endoplasmic reticulum: IL-2, interleukin 2; Ig, immunoglobulin. 
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Cytogenetic analysis. Metaphases were collected from the cul- 
tures by addition of colchicine to a final concentration of 0.05 
pg/mL 60 minutes before harvest, followed by addition of a hypo- 
tonic HCI solution (0.75 nmol/L) for 20 minutes. After centrifuga- 
tion, the cells were fixed in alcohol/acetic acid (3:1) for at least 1 
hour with two or three changes of the fixation fluid. Thereafter, 
chromosomes were isolated by dropping the suspension containing 
the fixed cells on cold and wet object slides. Metaphases were stained 
by Q-” and G-banding.™ In some cases, R-? and C-banding® were 
used for better identification of marker chromosomes. 

EB nuclear antigen (EBNA}. EBNA staining was performed 
according to Reedman and Klein.*' Reagents were kindly provided 
by Dr Georg Klein, Stockholm. Each test included one anti-EBNA— 
negative control serum and two positive sera. The Burkitt lymphoma 
line Raji was used as positive control cells. The U-698 lymphoma 
line** served as negative control cells. 


RESULTS 
Establishment of Cell Lines 


The search for optimal culture conditions for the three 
biopsies led to the same conclusion, namely that the combi- 
nation of a rich medium, ie, RPMI 1640 or F-10, FCS at a 
concentration of 20%, and the presence of feeder cells, was 
superior to any of the other tested nutrients. The presence of 
feeder fibroblasts or glia cells could be replaced by the 
addition of 20% to 30% of media harvested after 24-hour 
incubation of such cells. 

The U-1957 and U-1958 have remained dependent on 
feeder cells, whereas U-1996 became feeder cell-independent 
within a few weeks after the explantation. An unwanted 
complication from the use of established human skin fibro- 
blasts as feeder cells was that mycoplasma was transferred 
from those cells to the myeloma cell lines. 

The myeloma cells were readily identified in the cultures 
by their typical growth as single cells forming a monolayer of 
relatively immobile, paving-stonelike cells. Other cell types 
identified during the first week of cultivation were some 
degenerating mesothelial cells and lymphoblasts. In no 
instance, however, was the outgrowth of typical clumps of 
EBV-carrying lymphoblastoid cells observed. 


Morphology 


The U-1957 and U-1958 cell lines derived from the same 
patient have essentially the same light-microscopical appear- 
ance (Table 2 and Fig 1A and B). The cells have typical 
plasmablast-plasmacell appearance. The morphological 
heterogeneity within these lines is minimal. Some bi-, tetra-, 
and even octaploid, nucleated large cells are found, however. 
The ultrastructural examination shows round-ovoid cells 
with multiple surface blebs and sparse slender villi (Fig 2A 
and B). The nucleus has fine granular chromatin and only 
little heterochromatin. Most cells have no nucleoli. The 
cytoplasm has typical plasmacell appearance with well- 
developed rough endoplasmic reticulum (ER) in ordered 
structures and a prominent Golgi apparatus (Fig 3A and B). 
The U-1996 also has the basic features of plasmablasts- 
plasmacells (Fig 1C), but the morphological heterogeneity is 
extensive. The surface ultrastructure is similar to that of the 
other two lines (Fig 2C). Ultrastructurally, the nuclei con- 
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Fig 1. (A) U-1957, (B) U-1958, and {C} U-1996 cells. Cytacen- 
trifuge preparations. Giemsa staining. 


tain one to two nucleoli in most cells, and the chromatin is 
clumped and marginated (Fig 3C). The rough ER is less well 
developed than in the U-1957 and U-1958 cell lines as is the 
Golgi apparatus. 


Growth Characteristics 


The population doubling time varies between the cell lines, 
the U-1957 and U-1996 growing more quickly than the 
U-1958 (Table 2). The maximal cell density is only 3 to 5 x 
10° cells/mL. None of the cell lines can be grown in agarose 
but can be cloned as single cells on feeder layers. 


Cytochemical Profile 


All lines had the same “myeloma cell-like” pattern (Table 
2) expressing AcplI and 8-glucoronidase. 


Surface Markers 


The pattern of antigen expression is shown in Table 2. 
Notable reactivities are as follows: All lines react with 
PCA-1 and OKT-10, and two of the lines (U-1957 and 
U-1996) react with LB-1. No line expresses the other B blast 
antigen (MHM6) or the pan-B antigens. The Fey receptor is 
weakly expressed. When present, each of the antigens is 
expressed on almost all cells but with varying intensity. 


HUMAN MYELOMA CELL LINE 





Fig 2. Scanning electron micrographs of: (A) U-1957 (original 
magnification x 8,000; current magnification x 3,600), (B) U-1958 
(original magnification 6,000; current magnification 2,700), 
and (C) U-1996 (original magnification x 8,000; current magnifica- 
tion « 2,700) 


lg production 


The U-1958 has strong cytoplasmic staining with the 
anti-IgG and is weakly positive with the anti-« antibodies, 
whereas in U-1957 weak reactivity with the anti-IgG antise- 
rum but no staining with the anti-light chain serum is found. 
The U-1996 cells stain weakly with anti-x antiserum (Table 
2) 

The RIA analysis of the supernatant revealed that the 
U-1958 is a high producer of IgG. The rate of Ig secretion in 
the U-1958 cell line was 1.5 ug/10° cells/24 hours. No IgG 
was detected in the supernatant from U-1957 or U-1996 


Western Blotting 


All cell lines gave immunoreactive bands only on incuba- 


tion with the anti-« light chain antiserum. The specificity of 


the reaction was proven by the incubation with the anti-A 
light chain antiserum that gave negative bands as compared 
with the positive control for A-light chain production (data 


not shown) 
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Cytogenetic Analysis 


All cell lines were aneuploid when examined with: few 
weeks after being established as detailed.“ In brief, the 
U-1957 and U-1958 were near diploid, but showed hetero 
geneity and many markers. The most frequently encountered 
markers were Ip 6q+, and 14q+. The latter marker 
appears to be produced by an interstitial duplication ol 


segment of 14q +. U-1996 was very heterogeneous both wit! 
respect to chromosome number (71-172) and markers. Ir 
this line, moreover, the Ip—. 6q+ and 14q+ markers wer 


common abnormalities 


EBNA 
All cell lines lacked the EBNA antigen 


DISCUSSION 


The three cell lines described in this article are authentic 
myeloma cell lines by virtue of their morphology, pattern o 
Ig synthesis, chromosomal abnormalities, and EBNA nega 
tivity. They thus belong to the small group of truc 
myeloma cell lines reported." The frequency of successfu 
establishment of cell lines from a previous series of 100 
ordinary myeloma bone marrow biopsies was zero regardless 


of the tissue culture technique used.* The explana for 


this failure was, in 70%, the outgrowth of EBV-containing B 
lymphoblastoid cell lines that eventually overgrew the cu 
tures. A second characteristic feature of myeloma 


vitro, when obtained from patients with growth of the 
malignant clone restricted to the bone marrow, has been that 
they gradually die, although in many cultures small nonpro 
liferative clusters of myeloma cells will remain viable for 3 t 


4 months (terminal differentiation?). The reported perma 


nent cell lines have, with one exception,” been derived fron 
unusually widespread and aggressive myelomas, eg, pleural 
effusion and ascites or from cases with plasma cell leukemia 
For the present study, we therefore selected only sucł 
patients for our attempts to establish new myeloma cell lines 


and we have been successful insofar as five lines, including 


one lymphoblastoid, have been established from six patients 


The phenotypic characteristics of the new myeloma lines 
conform to a large extent with those of our U-266 and U-268 
cell lines, derived from an IgEQ patient. >“ Taking the 
features of these cell lines and those of another newly 
established cell line, U-2030* together, one may conclude 
that human myeloma cells have certain unique in vitro 
biological characteristics. Thus, the morphology, both at the 
light microscopic and the ultrastructural levels, is quite 
typical, with plasmacell-plasmablast appearance; moreover 
a fraction of the cells are binucleated and multinucleated 
cells. The medium requirement is usually stringent, as evi 


denced by the need for feeder cells or conditioned medium, at 


least at the time before and some time after the establish 


ment. The growth pattern on feeder cells is also quite 
characteristic, as is the comparatively slow growth rate, low 
maximal cell density, and poor cloning ability 

The new myeloma cell lines appear to represent slightly 
different stages of B lymphoid differentiation as judged by 


the surface marker profile, the capacity for Ig secretion, and 
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the development of rough ER and Golgi apparatus. U-1996 
is ultrastructurally the least differentiated of the three lines. 
Its relative immaturity appears to be reflected by the expres- 
sion in this line of the LB-1 antigen, which is preferentially 
expressed at the lymphoblast stage. The expression of 
plasmacell-associated antigens (PCA-! and OKT-10) is low. 
The most important indicator of immaturity of U-1996, 
however, is the absence of capacity for production of com- 
plete Ig molecules. The U-1957 appears to be slightly more 
differentiated than the U-1996 but less differentiated than 
the U-1958. The former line has a well-developed ER and 
Golgi apparatus but expresses LB-1 and Fey-receptors and 


Fig3. Transmission electron micro- 
graphs of (A) U-1957 (original magnifi- 
cation x 10,000; current magnification 
6,500). Rough endoplasmic reticulum 
and Golgi apparatus are well devel- 
oped. (B) U-1958 (original magnifica- 
tion «13,200; current magnification 
x 10,560). Numerous strands of endo- 
plasmic reticulum slightly distended by a 
finely granular material. (C) U-1996 
(original magnification «6,600; current 
magnification « 4,620). Rough endoplas- 
mic reticulum is moderately well devel- 
oped end mitochondria are numerous. 


ets 


secretes no IgG that could be detected by RIA examination 
of spent supernatant. The U-1958, although derived from the 
same patient, represents an advanced stage of B cell matura- 
tion as demonstrated by the morphological, surface marker, 
and lg synthesis criteria. The rate of Ig secretion appears to 
be equivalent to that of the U-266 cell line! but lower than 
that of the RPMI 8226.” 

The cytogenetic analyses demonstrate extensive hetero- 
geneity within the cell lines. Because U-1957 and U-1958 
were examined shortly after the explantation in vitro, this 
probably reflects the fact that the tumor progression process 
was very advanced within the myeloma population in vivo. 





HUMAN MYELOMA CELL LINE 


The extensive chromosomal abnormalities and heterogeneity 
may explain not only the unusual growth behavior of the 
tumor in vivo but also the fact that cell lines could be 
successfully established in vitro. 

The three cell lines have now been in continuous culture 
for >3 years. Throughout this period, the phenotypic charac- 
teristics have remained stable. This is surprising in view of 
the extensive chromosomal abnormalities found in all the 
lines, but reminiscent of the state of the U-266 cell line, 
which also is highly aneuploid but yet phenotypically very 
stable. Another paradox is that these aneuploid lines, like the 
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U-266 during its first years of continuous cultivation, have 
not been able to mutagenize to become hypoxanthin-ami- 
noptherine-thymidine (HAT)-sensitive. The chromosomal 
heterogeneity should reflect genetic instability, however, and 
our attempts to select sublines suitable for production of 
human hybridomas continue. 
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Plasma Cyclic Nucleotide Levels in Acute Leukemia Patients 


By Maddalena Peracchi, Vincenzo Toschi, Fabrizia Bamonti-Catena, Luigia Lombardi, Beatrice Bareggi, 
Agostino Cortelezzi, Mariangela Colombi, Anna T. Maiolo, and Elio E. Polli 


To verify the clinical usefulness of extracellular cyclic 
nucleotide determination as a tumor marker, plasma cyclic 
AMP (cAMP) and cyclic GMP (cGMP) levels were measured 
in 70 normal subjects and 173 acute leukemia patients 
studied in different stages of their disease. Mean plasma 
cAMP levels were similar in leukemic and normal subjects, 
although in 48 patients in the active stage of the disease, 
first diagnosis, or relapse, the cAMP values were below the 


YCLIC ADENOSINE 3’,5’-monophosphate (cAMP) 
and cyclic guanosine 3’,5’-monophosphate (cGMP) 
have complex and perhaps opposite regulatory influences on 
proliferative processes, but their role in the pathogenesis of 
malignant transformation is still unclear.'* Alterations in the 
cyclic nucleotide metabolism have often been found in neo- 
plastic tissue, however, although a consistent pattern of 
changes has not emerged.“ "° 

Recently, more attention has been paid to the alterations 
in extracellular cyclic nucleotide concentrations in human 
malignancies due to their potential clinical usefulness as 
tumor markers. Plasma and urine cAMP levels are generally 
unchanged in normocalcemic cancer patients, however, 
although increased or decreased cyclic nucleotide levels have 
also been reported.™! 1?! On the other hand, increased CGMP 
levels and reduced cAMP/cGMP molar ratios in plasma and 
urine seem to be a more constant feature of cancer patients, 
with a relatively low frequency of false-negative values in the 
properly controlled studies.” 11450-2 Furthermore, our 
preliminary data and those of other researchers demon- 
strated that changes in cGMP levels and in cAMP/cGMP 
molar ratios correlated with the patients’ response to treat- 
ment and with the occurrence of a relapse.'*7! 

We report here the results of a 3-year study performed to 
evaluate the clinical usefulness of plasma cAMP and cGMP 
level determinations in monitoring acute leukemia patients 
during the different stages of their disease. 


MATERIALS AND METHODS 


Plasma cyclic nucleotide levels were measured in 70 healthy 
volunteers, 30 males and 40 females, aged 18 to 78 years, (mean 34.3 
years) and in 173 acute leukemia patients, 103 males and 70 
females, aged 12 to 91 years (mean 37.9 years). The leukemia group 
consisted of 113 recently diagnosed and untreated patients, 54 with 
acute lymphoblastic leukemia (ALL) and 59 with acute nonlympho- 
blastic leukemia (ANLL), and of 60 treated patients, 28 with ALL 
and 32 with ANLL, who were in complete remission. Plasma cyclic 
nucleotide levels were subsequently reevaluated in 52 of the recently 
diagnosed patients, 26 with ALL and 26 with ANLL, after they had 
attained complete remission, and in 66 patients, 30 with ALL and 36 
with ANLL, who relapsed. In addition, plasma cyclic nucleotide 
levels were monitored monthly during chemotherapy in 18 ALL and 
22 ANLL patients who eventually relapsed and in 57 patients, 28 
with ALL and. 29 with ANLL, who remained in complete remission 
over the 12- to 36-month period of the study. Cyclic nucleotide levels 
were also measured in both plasma and CSF of eight patients, five 
with ALL and three with ANLL, with an isolated leukemic involve- 
ment of CNS. Fhe control group consisted of six ALL and five 
ANLL patients in complete remission without any evidence of CNS 
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normal range, and most of these patients failed to respond 
to chemotherapy. Plasma cGMP levels were markedly 
elevated in untreated patients, normalized in all patients 
who attained complete remission, and increased promptly 
to pretreatment values in patients who relapsed, suggest- 
ing that their determination may be useful to manitor the 
patients’ response to treatment. 

© 1987 by Grune & Stratton, Inc. 


leukemia, who had previously received prophylactic CNS therapy, 
and who underwent lumbar puncture as a part of the procedures to 
evaluate the possibility of stopping chemotherapy. All patients gave 
their informed consent to the lumbar puncture. 

All patients had normal serum creatinine and blood calcium 
levels. Subjects were asked not to take any drug during the 2 days 
before sampling, even though in a preliminary study there was no 
evidence that the most common antileukemic drugs given the day 
before influenced plasma cyclic nucleotide levels. All subjects were 
on unrestricted activity and diet except for coffee, tea, alcohol, and 
smoking, which were not allowed on the day before sampling. 

Venous blood samples were drawn between 8 and 9 AM, after an 
overnight fast and at least | hour's rest. CSF samples were obtained 
by lumbar puncture. The samples were added to prechilled tubes 
containing EDTA to give a final concentration of 5 mmol/L, 
immediately centrifuged at 4°C, and plasma and CSF were sepa- 
rated and stored at —80°C until assayed. 

cAMP was measured by a protein binding assay and cGMP by 
radioimmunoassay (RIA) using commercially available kits (Cyclic 
AMP Assay Kit, Code TRK 432, and Cyclic GMP RIA Kit, Code 
500; Radiochemical Centre, Amersham, England). Before being 
assayed for cyclic nucleotides, plasma and CSF were extracted with 
ethanol.” All samples were tested in triplicate using at least two 
different dilutions. The intra- and interassay coefficients of variation 
were <10% for both cAMP and cGMP. 

Statistical significance of the data was evaluated by one-way 
analysis of variance using Duncan's and Kramer’s tests for multiple 
comparisons. 


RESULTS 


Table | shows mean plasma cyclic nucleotide levels in the 
normal subjects and in the acute leukemia patients studied in 
different stages of their disease. There were no age- or 
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Table 1. Plasma Cyclic Nucleotide Levels in Acute Leukemia Patients Studied in Different Stages of Their Disease 
cAMP cGMP 

Diagnosis Cases (n) (pmoi/mL) (pmol/mL) cAMP/cGMP 
Normal 70 14.33 + 0.389 4.11 + 0.093 3.56 + 0.108 
ALL first diagnosis 54 12.63 + 0.564 11.60 + 1.622* 1.51 + 0.118* 
ALL complete remission 54 14.70 + 0.405 3.69 + 0.114ł 4.12 + 0.132+ 
ALL relapse 30 12.21 + 0.821 8.68 + 1.232¢ 1.80 + 0.140§ 
ANLL first diagnosis 59 14.12 + 0.581 13.64 + 1.970* 1.52 + 0.095* 
ANLL complete remission 58 14.59 + 0.393 3.73 + 0.086+ 4,00 + 0.129+ 
ANLL relapse 36 12.03 + 0.621 9.96 + 2.103§ 1.76 + 0.132§ 





Abbreviations: ALL, acute lymphoblastic leukemia; ANLL, acute nonlymphobiastic leukemia. 


Data are expressed as mear + SE. 

*P < .01 v normal (Kramer's test). 

tP < .01 v first diagnosis and NS v normal (Kramer's test). 

tP < .05 v complete remission and NS v first diagnosis (Kramer's test). 
§P < .01 v complete remission and NS v first diagnosis (Kramer’s test). 


sex-related differences in the cyclic nucleotide values in any 
group of subjects. Leukemic patients showed mean plasma 
cAMP levels similar to those of normal subjects, independent 
of the stage of the disease. Plasma cAMP levels were below 
the normal range (9.70 te 29.35 pmol/mL), however, in 25 
recently diagnosed patients, 13 with ALL and 12 with 
ANLL, and in 23 patients in relapse, 11 with ALL and 12 
with ANLL. On the other hand, in untreated acute leukemia 
patients plasma cGMP levels were significantly higher, and 
cAMP/cGMP molar ratios were significantly lower than 
those of the normal subjects. Plasma cGMP levels were 
above the normal range (2.42 to 5.92 pmol/mL) in 45 of 54 
ALL and 48 of 59 ANLL patients, and cAMP/cGMP molar 
ratios were below the normal range (2.21 to 7.04) in 48 of 54 
ALL and 52 of 59 ANLL patients. As previously 
reported,'*”! chemotherapy per se did not influence plasma 
cyclic nucleotide levels, but plasma cGMP levels and 
cAMP/cGMP ratios became normal in all patients who 
attained complete remission and remained in the normal 
range during all the remission period (Fig 1). In patients who 
relapsed, plasma cGMP levels increased and cAMP/cGMP 
ratios decreased to the pretreatment values (Table 1). Figure 
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2, which illustrates the plasma cyclic nucleotide pattern in 40 
periodically monitored patients who relapsed under mainte- 
nance therapy, shows that most patients evidenced changes 
in cGMP levels and in cAMP/cGMP ratios before bone 
marrow blast invasion was observed. Table 2 shows the main 
hematological findings of these 40 patients during the 4 
months before the relapse. There were no apparent correla- 
tions between these data and changes in cyclic nucleotide 
plasma levels, though platelet count was <100,000/uL in 
four ANLL patients | month before relapse. 

In patients in the active stages of the disease, first 
diagnosis, or relapse, plasma cGMP levels and eAMP/ 
cGMP ratios did not correlate with the ability to respond to 
treatment, remission duration, or survival time. Plasma 
cAMP levels were below the normal range in 18 of 57 
recently diagnosed and 19 of 42 relapsing patients who failed 
to respond to chemotherapy, however, but only in 11 of the 
remaining 80 responsive patients (chi-square, = 12.583; 
P < 001). 

Patients in complete remission had CSF cyclic nucleotide 
levels ranging from 9.95 to 20.62 pmol/mL for cAMP and 
from 2.79 to 4.89 pmol/mL for cGMP. These values were in 
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Plasma cyclic nucleotide levels in 57 treated acute leukemia patients who remained in complete remission. Of the patients with 


acute lymphoblastic leukemia (ALL), 13 were monitored for 3 years, 20 for 2 years, and 28 for 1 year; of the patients with acute 
nonlymphobliastic leukemia (ANLL), 10 were monitored for 3 years, 19 for 2 years, and 29 for 1 year. These numbers are shown in brackets. 
Data are expressed as mean + SE. 
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Fig 2. Plasma cyclic nucleotide levels in 18 acute lymphoblas- 


tic leukemia (ALL) and 22 acute nonlymphoblastic leukemia (ANLL) 
patients who relapsed under treatment. Reference time is that of 
relapse. Data are expressed as mean + SE. *P < .01 v findings at 
4 and —3 months (Duncan’s test). tP < .05 v findings at —4 and 
~3 months (Duncan’s test). 


general agreement with those reported in the literature for 
subjects without evidence of CNS disease.”*”* Patients with 
isolated CNS leukemia showed mean plasma and CSF cyclic 
nucleotide levels similar to those of the control subjects, with 
the exception of one ALL patient, with a symptomatic 
leukemic meningitis, who had CSF cGMP levels of 11.14 
pmol/mL. 


DISCUSSION 


There were no significant differences in plasma cyclic 
nucleotide patterns between ALL and ANLL patients. Our 
results, however, indicate that in acute leukemias plasma 
cGMP levels and cAMP/cGMP molar ratios may be useful 
to monitor the patient’s response to systemic chemotherapy 
and the occurrence of medullary relapse. On the other hand, 
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plasma and CSF cyclic nucleotide levels were similar in 
patients with and without CNS leukemia, indicating that 
their determination does not have a role in the early diagnosis 
of CNS involvement. 

Elevations in cGMP levels and reductions in cAMP/ 
cGMP molar ratios in plasma and urine often occur in 
hematological malignancies®'*!*'5°! and in solid tumors,'" 
1547-1921 although the frequency of normal values varies in the 
different studies. In our patients in the active stages of 
leukemia, first diagnosis, or relapse, the frequency of false- 
negative results was low, <15%, when either CGMP levels or 
cAMP/cGMP ratios were considered. The reduced cAMP/ 
cGMP ratios generally reflected an increase in plasma 
cGMP levels; in ~20% of the patients, however, they were 
due to plasma cAMP levels below the normal range. In 
agreement with previously reported data indicating that 
decreased extracellular cAMP levels are not a frequent 
feature of normocalcemic cancer patients,”''”' in this study 
only 48 patients had markedly reduced plasma cAMP levels; 
this finding, however, was an unfavorable prognostic indi- 
cator since most of these patients failed to respond to 
chemotherapy. 

Because changes in extracellular cyclic nucleotide levels 
occur in different malignant diseases, they are not specific 
for leukemias and the mechanisms governing their develop- 
ment are still unclear. Extracellular cyclic nucleotide con- 
centrations may reflect changes in their intracellular metab- 
olism, since both adenylate cyclase-cAMP and guanylate 
cyclase-cGMP systems are unbalanced in human leukemic 
leukocytes.*"° Certainly, an enhanced egress of CGMP from 
cells’? could account for the increased plasma cyclic nucleo- 
tide levels we found in the active stages of acute leukemias, 
though no direct evidence shows that CGMP is released from 
leukemic leukocytes rather than from normal tissues as a 
reaction to the malignant process. On the other hand, it 
seems unlikely that a reduction in cAMP levels in leukemic 
cells may in itself influence the plasma cyclic nucleotide 
concentrations, due to the many factors known to affect 
extracellular cAMP levels. 

Studies in cancer-bearing animals have demonstrated that 























ALL ANLL 
Months Peripheral Blood Bone Marrow Peripheral Biood . Bone Marrow 
Before Hb WBC Piatelets Blasts Cellutarity* Hb WBC Platelets Blasts Cellularity* 
Relapse (g/dL) {x 10°7L) (x 10°/L) (%) Lon t {g/dl} (x 10°/L} (x 10°/L) 1%) | N 
wo 13.9 5.0 258 3.00 6 7 5 12.9 4.6 245 4.25 6 15 1 
(9.4-16.1) (3.0-12.6) (110-450) {1.25-6.00) {10.1-15.5) (1.8-10.5) (89-608) {1.25-6.75} 
-3 13.9 4.5 259 12.8 4.9 258 
(9.1-15.7) (1.8-26.0}) (91-609) {10.9-15.4) (2.9-9.1) (104-817) 
—2 13.8 4.7 240 2.75 6 8 4 13.0 4.6 275 4.75 8 9 5 
(10.5-16.6) (3.1-15.8) (105-731) (0.25-7.25) (9.8-15.5) {1.7-9.4} (95-658) (2.00-11.50) 
= 1 14.1 4.1 204 13.0 3.7 206 
(9.1-16.8) (2.2-15.0) (125-429) (10.7-16.0) (1.8-10.9}) (16-552) 
0 13.5 5.4 134 38.0 6 5 7 12.4 3.2 162 26.0 10 1$ 
(10.3-16.9) (1.2-21.7) (6-350) (10.0-67.0) 





Data are expressed as median and range for peripheral blood and bone marrow blasts. 
*\, Hypocellular, N, normoceliular, ? hypercellular; the numbers under this heading refer to the number of marrows with the indicated level of 


cellularity. 


1616 


extracellular cGMP levels correlate with tumor size? A 
similar correlation could not be determined in our patients 
since the number of blasts in peripheral blood as well as the 
bone marrow richness are only indirect indicators of the 
leukemic burden. The finding that plasma cGMP levels and 
cAMP/cGMP molar ratios became normal in all patients 
who attained complete remission and changed precociously 
in patients who relapsed suggests, however, that these 
parameters behave as tumor markers. On the other hand, 
alterations in extracellular cyclic nucleotide levels have also 
been reported in some patients with benign tumors and with 
non-neoplastic diseases,'*'”'*??”? indicating that the finding 
of increased cGMP levels and/or reduced cCAMP/cGMP 
ratios cannot be used in a previously undiagnosed subject as 
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an unequivocal indication of the existence of a malignant 
process. 

In conclusion, evidence shows that plasma cyclic nucleo- 
tide determination may be of clinical relevance as an addi- 
tional parameter to monitor leukemic disease activity and 
may also suggest a more aggressive therapeutic regimen in 
recently diagnosed or relapsing patients with low plasma 
cAMP levels in view of their negative prognostic signifi- 
cance. 
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Intermediate Lymphocytic Lymphoma: Immunophenotypic 
and Cytogenetic Findings 


By Dennis D. Weisenburger, Warren G. Sanger, James O. Armitage, and David T. Purtilo 


A detailed immunohistologic and cytogenetic analysis of 12 
cases of intermediate lymphocytic lymphoma was per- 
formed. The characteristic immunophenotype of interme- 
diate lymphocytic lymphoma was: surface IgM and igD +, 
BA1 +, B14, BA2—, B2—, B4+, Leu 14+, Leu 1+, HLA- 
DR +. and common acute lymphocytic leukemia associated 
(CALLA) antigen negative. Clonal chromosome abnormali- 
ties were identified in ten cases, with structural or numer- 
ical abnormalities of chromosomes 11 or 12 in nine cases. 
Five cases had structural abnormalities involving the long 
arm of chromosome 11; three of these had translocations 
with chromosome 14 at band q32. Three cases had trisomy 


NTERMEDIATE lymphocytic lymphoma is a histologi- 

cally distinctive subtype of non-Hodgkin’s lymphoma 
with cytologic features between those of small lymphocytic 
(well differentiated) lymphoma and small cleaved cell 
(poorly differentiated) lymphoma.'” The architectural pat- 
tern of intermediate lymphoma is usually diffuse, although 
some cases have a follicular mantle-zone pattern (mantle- 
zone lymphoma).** Diffuse intermediate lymphoma has a 
clinical presentation and course similar to that of diffuse 
small cleaved cell lymphoma, with a median survival of only 
30 to 31 months.” In contrast, mantle-zone lymphoma 
appears to be a relatively indolent form of intermediate 
lymphocytic lymphoma.** Immunologic studies of a small 
number of cases of intermediate lymphoma have demon- 
strated a B cell origin.'**° No cytogenetic studies of interme- 
diate lymphoma have been reported, however. This study 
reports the immunophenotypic and cytogenetic findings in 
12 cases of intermediate lymphocytic lymphoma. 


MATERIALS AND METHODS 


Lymph node biopsy specimens were obtained from 12 patients 
being studied and treated by the Lymphoma Study Group at the 
University of Nebraska Medical Center. All lymph nodes were 
processed for histologic, immunologic, and cytogenetic studies 
according to a standard protocol. Portions of each lymph node 
specimen were fixed in BS and formalin for routine histologic 
processing, and hematoxylin and eosin-stained sections were pre- 
pared. A diagnosis of intermediate lymphocytic lymphoma was 
made on the basis of previously established histologic criteria.”’ The 
clinical records were reviewed, and the patients were staged accord- 
ing to the Ann Arbor classification.” The type of therapy, response 
to therapy, status at termination of the study, survival in months, and 
cause of death were recorded. The response to therapy was classified 
as a complete remission, a partial remission, or no response. A 
complete remission was defined as the total disappearance of all 
symptoms and clinically detectable disease. A partial remission was 
defined as a =50% disappearance of all known tumor and the 
appearance of no new lesions for at least 1 month. Survival was 
measured from the time of diagnosis. 

Representative portions of fresh nodal tissue were prepared for 
frozen section immunohistochemical analysis. In brief, a 2.0-mm 
section of tissue was placed in optimum cutting temperature (OCT) 
embedding media (Miles Laboratories, Naperville, IL) and snap 
frozen at -- 150°C in isopentane quenched in liquid nitrogen. The 
tissue was then stored at —70°C until sectioned. Cryostat sections 
were air dried and fixed in cold acetone (4°C) for ten minutes. 
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12, and one case had a translocation involving the long arm 
of chromosome 12. The tenth case had a translocation 
involving the long arms of chromosomes 7 and 9. These 
characteristic immunophenotypic and cytogenetic findings 
suggest a close lineage relationship between intermediate 
lymphocytic lymphoma and smali lymphocytic {well differ- 
entiated) lymphoma / chronic lymphocytic leukemia. Their 
differing clinical, cytologic, and architectural features sug- 
gest, however, that intermediate lymphocytic lymphoma 
should be considered a separate category of lymphocytic 
lymphoma in the International Working Formulation. 

© 1987 by Grune & Stratton, Inc. 


Immunohistochemical stains were performed with a three-stage 
immunoperoxidase technique’! using unconjugated mouse antibody 
in the first stage, followed by biotin-conjugated goat anti-mouse 
F(ab’), antibody, and then by avidin-conjugated horseradish peroxi- 
dase (Vector Laboratories. Burlingame, CA). Primary mouse anti- 
bodies to human immunoglobulins (Igs) G, A, M, D. x and A (Dako, 
Santa Barbara, CA). B cell antigens B1, B2, B4 (Coulter Immunolo- 
gy. Hialeah, FL), BA], BA2 (Hybritech, San Diego), and Leu 14 
(Becton Dickinson, Mountain View, CA), and T cell antigens OKT 
4,8, 11 (Coulter), and Leu | (Becton Dickinson) were used. Primary 
antibodies to common acute lymphocytic leukemia associated 
(CALLA) antigen (Coulter) and HLA-DR (Becton Dickinson) 
were also used. A case was considered positive for a specific cell 
surface antigen if most neoplastic cells stained clearly positive (weak 
or strong) for the antigen. 

Flow cytometric analysis of peripheral blood mononuclear cells 
was also performed in four cases. The mononuclear cells were 
separated from heparinized peripheral blood by density centrifuga- 
tion on Ficoll-Paque. The mononuclear cells were stained with 
unconjugated primary mouse antibodies to human « and A light 
chains, BI, BA2, Leu 1, HLA-DR and CALLA antigens. The cells 
were then washed with cold phosphate-buffered saline (PBS), incu- 
bated with FITC-conjugated goat anti-mouse F(ab‘), antibody, 
washed, and quantitated with an Ortho 50 H cytofluorograph 
equipped with a Data General 2150 computer for data analysis. 

Lymph node biopsy specimens involved by lymphoma were also 
received by the cytogenetics laboratory and processed within | hour 
after the biopsy procedure, or the specimens were similarly received, 
cultured, and processed through the fixation stage by a nearby 
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hospital laboratory before shipment. The tissue was placed directly 
into RPMI 1640 media (GIBCO, Grand Island, NY) supplemented 
with 20% fetal bovine serum (FBS) and gentamycin. The lymph 
node was mechanically minced and placed in culture at 37°C 
without mitogens for 24 hours. If sufficient tissue was available, a 
48-hour culture was also performed. Two hours prior to the initiation 
of harvest, the cells were exposed to Colcemid (0.05 pg/mL). The 
cells were then resuspended in 0.074 mol potassium chloride for ten 
minutes and fixed with a methanol and glacial acidic acid solution 
(3:1). The fixation procedure was repeated three times, and slide 
preparations were made. The slides were aged for a minimum of 24 
hours and G-banded with Wright's stain. All metaphase plates were 
microscopically analyzed, recorded, and photographed. Karyotypes 
were arranged according to the International System for Human 
Cytogenetic Nomenclature.'? An abnormal clone was defined as 
either two or more cells with the same structural abnormality or the 
same extra chromosome, or three or more cells with the same missing 
chromosome. If mitoses could not be confidently analyzed. the 
mitotic cell was not included in the data. 


RESULTS 


Clinical features. The clinical features of the 12 patients 
are given in Table |. The median age of the patients at the 
onset of disease was 60 years (range 42 to 80 years). The 
male to female ratio was 1:1. All patients had advanced 
disease. Splenomegaly and bone marrow involvement by 
lymphoma were commonly present (75% and 73%, respec- 
tively). Five patients (cases 2, 3, 5, 6, and 12) were consid- 
ered leukemic at the time of initial diagnosis. The lymphoma 
cells in the peripheral blood and bone marrow were atypical 
prolymphocytes, as previously described.” The patients were 
treated with various chemotherapies. Four patients achieved 
a complete remission; two of these (cases 7 and 11) are 
presently alive and free of disease; the other two patients 
(cases | and 8) had prolonged disease-free survivals before 
the lymphoma recurred. Eight other patients are alive with 
or have died of lymphoma. 

Histologic features. In 11 patients, the initial lymph 
node biopsy specimen showed effacement of the normal 
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nodal architecture by a diffuse lymphoid infiltrate (diffuse 
intermediate lymphoma).’ In one patient (case 5), the lym- 
phoid cells infiltrated as wide mantles around benign- 
appearing germinal centers (mantle-zone lymphoma). The 
infiltrating cells were atypical small lymphocytes with 
slightly irregular and indented nuclear contours (Fig 1A). 
There were too few cells with the uniformly round nuclei 
typical of small lymphocytic (well differentiated) lymphoma 
or the markedly angulated and cleaved nuclei of small 
cleaved cell (poorly differentiated) lymphoma to justify these 
diagnoses. 

Immunologic features. Immunohistochemical stains re- 
vealed that all 12 cases of intermediate lymphocytic lym- 
phoma were of B cell type (Table 2). Typically, intermediate 
lymphoma was positive for surface IgM and HLA-DR, and 
the antigens BAI, B4, Leu 14, and Leu | (Fig 1B). Seven 
cases expressed monoclonal «x light chains and five cases 
expressed monoclonal A light chains. Variable positive stain- 
ing was present for surface igD (8 cases), IgG (2 cases), BI 
(9 cases), and BA2 (2 cases). The neoplastic cells did not 
stain for surface IgA, B2 or CALLA antigens, or the T cell 
antigens OKT 4, 8, and 11. Moderate numbers of benign T 
cells were admixed, however, with a helper:suppressor cell 
ratio of 2 to 3:1. 

Flow cytometric analysis of peripheral blood mononuclear 
cells was also performed in four cases (cases 2, 3, 5, and 10). 
A monoclonal B cell population was identified in three cases 
(cases 2, 3, and 5; Table 3); the other case (case 10) was 
normal. In the three monoclonal cases, the immunopheno- 
types of the circulating lymphoma cells were identical to 
those of the corresponding lymph node cells. 

Cytogenetic features. Cytogenetic studies revealed a 
clonal chromosome abnormality in 10 of the 12 cases (Table 
4). Nine cases had structural or numerical abnormalities of 
chromosomes 11 or 12. Five cases had structural abnormali- 
ties involving the long arm of chromosome 1 1; three of these 
had translocations involving bands ql 1-13 and chromosome 
14 at band q32. Three cases had trisomy 12, and one case had 


Table 1. Clinical Features of intermediate Lymphocytic Lymphoma 








Age Absolute Bone initiat Survival 
Case  (yr)/Race/Sex Splenomegaly Lymphs/pt Marrow Stage Therapy Response {mo} Cause of Death 
1 54/W/M + 2,035 — IVB COP CR D+ 113 Lymphoma 
2 56/W/M + 32,951 + IVB CL, P NR D+ 21 Lymphoma, bacterial pneumonia 
3 75/W/M + 1,925 + IVB CAP-BOP ED D+ 2 Lymphoma, herpes simplex pneu- 
monia 

4 63/W/F + 1,122 — HA COPP PR A+ 87 NA 
5 63/W/M + 5,490 + VA CLOP NR D+ 9 Lymphoma 
6 80/W/F _ 10,586 + IVA CAP-BOP PR A+ 18 NA 
7 53/W/F + 930 + IVA COP, M CR A~ 60 NA 
8 59/W/F + 5,850 + IVA CL CR A+ 204 NA 
9 67/W/F + 5,214 + IVB COP,BCNU PR A+ 32 NA 

10 51/W/M H 2,376 + IVA CLOP PR A+ 40 NA 

11 60/W/F am 1,032 ND VB CHOP-B8 CR A— 27 NA 

12 42/W/M + 25,230 + IVA CL PR A+ 85 NA 





Abbreviations: Lymphs, lymphocytes; W, white; +, present/positive: —, 


absent/negative; ND, not done: NA, not applicable; COP, cytoxan, 


vincristine, prednisone; CL, chlorambucil; P, prednisone; CAP-BOP, cytoxan, doxorubicin, procarbazine, bleomycin, vincristine, prednisone; COPP, 
cytoxan, vincristine, prednisone, procarbazine; CLOP, chlorambucil, vincristine, prednisone: M, methotrexate: BCNU, bischloroethyl nitrosourea: 
CHOP-B, cytoxan, doxorubicin, vincristine, prednisone, bleomycin; CR, complete remission; PR, partial remission; NR, no response; ED, early death; D +, 


dead with disease; A +, alive with disease; A—., alive without disease. 
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Table 2. Immunophenotypic Features of Intermediate Lymphocytic Lymphoma 
Surface Antigen-Positive Cases (n) E p 
Cases IgM IgD IgG IgA k A BAI BI BA2 B2 B4 Leu 14 Leu 1 HLA-DR CALLA 
12 10S 8 2 0 7 & ww 8 2 o 12 12 11 12 o 








Abbreviation: CALLA, common acute lymphocytic leukemia associated, 


a translocation involving the long arm of chromosome 12. 
The tenth case had a translocation involving the long arms of 
chromosomes 7 and 9. None of the cases had a translocation 
involving the long arms of chromosomes 14 and 18, as 
commonly occurs in the follicular center cell lymphomas. 


DISCUSSION 


Intermediate lymphocytic lymphoma is a common form of 
lymphocytic lymphoma, comprising 8.4% of all non-Hodg- 
kin’s lymphomas in the Nebraska Lymphoma Registry.” 
The clinical and pathologic features of the patients in this 
study are similar to those reported previously.** Patients 





Fig 1. (A) Intermediate lymphocytic lymphoma. Most cells 
have slightly irregular and indented nuciear contours (hematoxylin 
and eosin stain, magnification x 100); (B) neoplastic cells stain 
slightly less intensely for Leu 1 antigen than do the few admixed 
normal T cells (immunoperoxidase stain, magnification 100). 


with intermediate lymphoma are usually elderly and have 
advanced disease. Splenomegaly and bone marrow involve- 
ment by lymphoma are common. The clinica! features of 
intermediate lymphoma are different from those of small 
lymphocytic (well differentiated) lymphoma, in which leuke- 
mia, usually with a high lymphocyte count, monoclonal 
gammopathy, autoimmune hemolytic anemia, and an indo- 
lent clinical course are common.**'*'® Although five (42%) 
of the patients in this study were leukemic at the time of 
initial diagnosis, the highest lymphocyte count was only 
32,951 /uL, and the cells were clearly atypical prolympho- 
cytes rather than small lymphocytes. We believe, however, 
that an accurate diagnosis of intermediate lymphocytic 
lymphoma can only be made from well-fixed lymph node 
biopsy specimens using established histologic criteria.”’ 

In this study, we determined the characteristic immuno- 
phenotypic and cytogenetic features of intermediate lympho- 
cytic lymphoma. Using frozen section immunohistochemical 
stains, the cells of intermediate lymphoma typically bear 
surface IgM, usually with IgD, and the pan-B cell antigens 
BI. BAI, B4, and Leu 14. The cells also bear the T cell 
antigen Leu I and lack CALLA antigen. Our findings differ 
from those of Cossman and colleagues’ who, using lymph 
node suspensions analyzed by flow cytometry, reported the 
expression of CALLA and BA2 antigen on most cases of 
intermediate lymphoma. However, Swerdlow and co-work- 
ers,” using a frozen section immunohistochemical technique 
similar to ours, reported that only | of 6 cases was clearly 
positive for BA2 antigen, and none were positive for CALLA 
antigen. However, Swerdlow and co-workers” did detect the 
weak expression of CALLA antigen on | of 4 cases studied 
by flow cytometry. These differing findings suggest that 
frozen section immunohistochemistry may fail to detect 
weakly expressed surface antigens. 

Our findings indicate that the immunophenotype of inter- 
mediate lymphoma is identical to that of small lymphocytic 
(well differentiated) lymphoma/chronic lymphocytic leuke- 
mia.™!®® The immunophenotype of intermediate lymphoma 
contrasts with that of the follicular center cell lymphomas, 
which usually bear surface IgG or IgA and CALLA antigen 
and lack IgD and Leu | antigen.”*?! These findings suggest a 
closer lineage relationship of intermediate lymphoma with 
small lymphocytic lymphoma /chronic lymphocytic leukemia 
than with the follicular center cell lymphomas. Small lym- 
phocytic lymphoma/chronic lymphocytic leukemia appears 


Table 3. Iimmunophenotypic Features of Circulating 
Intermediate Lymphoma Cells 





Surface Antigen-Positive Cases (n) 





Cases K A BI BA2 Leu 1 HLA-DR CALLA 








3 «#6 a i & ç 8 ô 
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Tabie 4. Cytogenetic Abnormalities in Intermediate Lymphocytic Lymphoma 
Case Age/Sex Normat Celis {n} Abnormal Celis {n} Abnormal Clone 
1 54/M 1 34 46,XY,del{ 11}{q14) 
2 56/M 3 9 46, XY,1(11:14)(q13;q32) 
3 75/M 0 4 46,XY,t(11; 14),(q12;q32}, 
deli 13){q22) 
4 63/F (6) 21 46,XX,t{(1;?Xg32:?}, 
t{6; 13}(q23;q33), -- 11, 
+der(11),t(11;?q22:?), 
t(11;14}(q1 1:q32) 
5 63/M 10 15 45. XY,t(2;9)(p 14;p 13), 
— 4, +1(4:5)(9q34:q12), 
t(8;11)(p12;q25),~9, 
del(13)(q13),t(13;?Hq34;?) 
6 80/F o 4 47,XX+12 
7 53/F 5 10 49,XX, +12, +19,+21 
8 59/F 0 2 48.XY, + 12, + mar 
9 67/F 0 4 46,XX, + r(4)(p 1693 1), 
t(4;6)(q3 1;q26), 
t(10; 12)(q24:q22},t(42:?), 
(p13:?), del( 14}(g2 1} 
10 51/M ie) 22 46.XY,117;9Hq1 1:42 1)* 
11 60/F 20 0 Normal 
12 42/M 6 is) Normal 





*Same clone found in the bone marrow. 


to arise from an immature, bone marrow derived, virgin B 
cell.” The cell of intermediate lymphoma appears to corre- 
spond to a slightly more mature B cell that homes to and 
resides in primary lymphoid follicles and the mantle zones of 
secondary follicles“! In normal human ontogeny, by the 
seventeenth week of gestation, Leu 1-, IgM-, and IgD- 
positive B cells form the primary follicles of lymph nodes in 
close association with follicular dendritic cells.” Therefore, 
the intermediate lymphocyte appears to be the precursor cell 
of the normal germinal center?” 

The cytogenetic abnormalities found in intermediate lym- 
phoma are also similar to those reported for small lympho- 
cytic (well differentiated) lymphoma/chronic lymphocytic 
leukemia.“ Our studies revealed a clonal chromosome 
abnormality in 10 of the 12 cases. In the two cases without 
clonal abnormalities, the normal karyotypes were probably 
those of proliferating normal lymphoid cells within the 
tumor. Abnormalities of chromosome 11 are common in 
small lymphocytic lymphoma/chronic lymphocytic leuke- 
mia, the most common of these being a t(11;14) or deletion of 
11q*” In small lymphocytic lymphoma/chronic lympho- 
cytic leukemia, the break in chromosome 1 | usually occurs in 
the region of band 11q137***3!%?; this was also true in four of 
our five cases of intermediate lymphoma. Band 11q13 
appears to be a fragile site prone to frequent breaks in the 
normal lymphocytes of patients with small lymphocytic 
lymphoma.” The t(11;14) in small lymphocytic lymphoma/ 
chronic lymphocytic leukemia and intermediate lymphoma 
causes juxtaposition of the cellular oncogene bc/-1 (11q13) 


with the immunoglobulin heavy chain gene (14q32).* Trans- 
location- or deletion-mediated deregulation or activation of 
the bcl-1 oncogene may play an important role in neoplastic 
transformation and/or excessive cellular proliferation in the 
lymphocytic malignancies.” Trisomy 12 is also a common 
abnormality in small lymphocytic lymphoma/chronic lym- 
phocytic leukemia.“” Three of our cases of intermediate 
lymphoma also had trisomy 12, and one case had a transloca- 
tion involving chromosome 12 at band q22. The cellular 
ki-ras-2 oncogene has been localized to chromosome 12 at 
bands p12 and q24.™ Increased gene dosage or activation of 
the ki-ras-2 oncogene as a result of these abnormalities may 
result ir an elevation of oncogene product, leading to neo- 
plastic transformation and/or cellular proliferation.” None 
of our cases had the t(14;18) commonly seen in the follicular 
center cell lymphomas.” Thus, characteristic abnermali- 
ties involving chromosomes 11 and 12 have been demon- 
strated in intermediate lymphocytic lymphoma. These 
findings also suggest a close lineage relationship between 
intermediate lymphoma and small lymphocytic lymphoma/ 
chronic lymphocytic leukemia. 

In conclusion, the diffuse and mantle-zone variants of 
intermediate lymphocytic lymphoma are distinctive forms of 
non-Hodgkin’s lymphoma with characteristic clinical, cyto- 
logic, architectural," immunologic'***""" and cytogenetic 
features. These findings suggest that intermediate lym- 
phoma should be considered a separate category of lympho- 
cytic lymphoma in the International Working Formula- 
tion 36?” 
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Deficiency of Leukocyte Surface Glycoproteins Mol, LFA-1, and Leu M5 ina 
Dog With Recurrent Bacterial Infections: An Animal Model 


By Urs Giger, Laurence A. Boxer, Paul J. Simpson, Benedict R. Lucchesi, and Robert F. Todd IHI 


A dog with severe recurrent bacterial infections, impaired 
pus formation, delayed wound healing, and severe persis- 
tent leukocytosis was the result of a mother—son mating. 
Assessment of leukocyte function revealed profound 
abnormalities in adherence-dependent activities including 
impaired granulocyte adhesion to glass/plastic surfaces or 
nylon wool, decreased granulocyte aggregation and che- 
motaxis, and diminished lymphocyte blastogenesis, but 
normal neutrophil oxidative activity, serum immunoglobu- 
lin, and complement levels. By immunofluorescence analy- 
sis, CD11b and CD18 monoclonal antibodies specific for the 
155-kd a polypeptide of Mo1 (gp 155, 94) and the 94 kd 8 
peptide common to Mo1, LFA-1 (gp 170, 94), and Leu M5 {p 
150, 94) (surface molecules that promote leukocyte adhe- 
sion) failed to bind to unstimulated and A23187 calcium 


HREE STRUCTURALLY related adhesion-promot- 

ing cell surface glycoproteins, Mol, LFA-1, and Leu 
M5 are expressed by human leukocytes, as detected by 
murine CD! 1a.b,c and CD18 (World Health Organization 
nomenclature) monoclonal antibodies (reviewed in refs. | 
and 2). They are af heterodimers with an identical 8 subunit 
of 94 kd that is noncovalently associated with distinct a 
polypeptides of higher mol wt. The plasma membrane 
expression of these glycoproteins depends on the state of 
cellular activation and appears to be separately regulated 
despite sharing a common §-subunit.** Mol (gp 155, 94) has 
complement (C3bi) receptor type 3 (CR3) activity™® and 
plays a role in myeloid cell adhesion phenomena, including 
substrate adherence, chemotaxis, and aggregation”! Lym- 
phocyte function-associated antigen | (LFA-1; gp 170, 94) is 
expressed on phagocytes and lymphocytes and promotes 
lymphoid cell adhesion interactions that include lymphocyte 
proliferation and cytotoxic effector activity.''*"* Leu M5 (p 
150, 94), the most recently characterized phagocyte surface 
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ionophore-stimulated granulocytes or mononuclear cells of 
the affected dog as compared with strong specific binding 
to canine control cells. The Mo1 glycoproteins were only 
barely detectable by sodium dodecyl! sulfate-polyacryl- 
amide gel electrophoresis (SDS-PAGE) of immunoprecipi- 
tates from lysates of '*! surface-labeled neutrophils from 
the affected dog as compared with intense bands seen with 
canine control celi precipitates. We conclude that this dog 
has a severe leukocyte surface glycoprotein deficiency 
syndrome that is similar, if not identical, to that recently 
recognized in humans. Dogs with deficiency of leukocyte 
Mo1, LFA-1, and Leu M5 expression may represent a useful 
animal model to characterize further the molecular basis 
for an inherited disorder in leukocyte effector function. 
©1987 by Grune & Stratton, Inc. 


protein, may represent a lectinlike surface molecule, the 
physiological significance of which is as yet unclear.?!”' 
Mol and/or LFA-1 glycoproteins (as detected by murine or 
rat monoclonal antibodies) have been identified in other 
species, including monkeys and other primates, mice, and 
dogs, indicating the conservation of these macromolecules 
during phylogeny.'*” 

Recently, a combined Mol, LFA-1, and Leu M5 leuko- 
cyte glycoprotein deficiency syndrome has been described in 
~50 children who demonstrate an increased susceptibility to 
infections. This clinical syndrome is characterized by 
recurrent bacterial and fungal infections, progressive peri- 
odontitis, delayed umbilical cord separation. poor wound 
healing, and impaired inflammatory response. These 
patients have a persistent marked leukocytosis, with most of 
the cells being mature neutrophils, and profound abnormali- 
ties of adherence-dependent leukocyte functions. A moderate 
to severe deficiency of surface expression of leukocyte Mol, 
LFA-1, and Leu M5 glycoproteins was noted in all cases, and 
a primary defect in the common £ subunit of these glycopro- 
teins is likely to underlie this syndrome. 

In this article, we report a leukocyte surface glycoprotein 
deficiency syndrome in the dog similar to that recognized in 
humans. The clinical features and the in vitro leukocyte 
functional abnormalities that characterize this disorder are 
described. CDI 1b and CD18 monoclonal antibodies reactive 
with canine Mol, LFA-1, and Leu M5 facilitated our 
identification of the molecular basis of this animal’s disease. 
In control dogs, the canine leukocyte surface glycoprotein 
complex was similar to that described in human and murine 
systems, and a severe deficiency of Mol and probably LFA-1 
and Leu M5 glycoproteins was observed in the affected dog. 
This is the first report of an animal model of the human 
leukocyte Mol, LFA-1, and Leu M3 deficiency syndrome. 


MATERIALS AND METHODS 


Case report. An 18-month-old female Irish setter cross-bred dog 
with a history of recurrent bacterial infections and persistent leuko- 
cytosis, first noted at the age of 2 months. was selected for study. The 
clinical presentations included deep skin wound infections, pododer- 
matitis, superficial pyoderma, gingivitis, pneumonia, thrombophle- 
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bitis, and ascending osteomyelitis of the right hind limb. The 
infection sites usually showed a localized cellulitis with impaired pus 
formation and were often associated with a local lymphadenopathy. 
Episodes of infection were commonly associated with severe pyrexia 
(40.6°C), anorexia, and weight loss. Poor wound healing after minor 
trauma was also noted. 

Cultures of the skin infections usually grew Staphylococcus 
intermedius. Escherichia coli was cultured from an aspirate of a 
metatarsal bone and from skin affected by pododermatitis. Pseudo- 
monas aeroginosa grew in the fluid aspirate of a subcutaneous cyst 
that contained many bacteria but few phagocytes when examined 
cytologically. Bacterial infections responded very slowly to appropri- 
ate systemic antibiotic therapy and local skin care. Because of a 
persistent osteomyelitis, fever and lameness recurred several times 
within a week after drug withdrawal. The dog was thereafter treated 
continuously with oral antibiotics. Fungal cultures and serum titers 
were negative, but Trichuris vulpus eggs were found on numerous 
fecal examinations. Antibody titers against distemper and parovirus 
infection appeared adequate following vaccinations with modified 
live virus vaccines. 

Blood test results from the affected dog were collected for > 1 year 
(Table 1) and revealed an extreme to moderate leukocytosis that 
persisted during apparently infection-free periods. The degree of the 
leukocytosis with WBC counts =208,000/uL was much greater than 
expected in normal dogs with similar bacterial infections. The 
persistent leukocytosis consisted predominantly of a mature neutro- 
philia, ranging from 21,000 to 188,000/uL. with a concomitant 
eosinophilia and variable lymphocytosis and monocytosis. Morpho- 
logic examination of leukocytes by light microscopy as well as 
routine leukocyte cytochemistry were normal except for occasional 
hypersegmented granulocytes and atypical lymphocytes. A bone 
marrow biopsy demonstrated marked myeloid hyperplasia. Episodes 
of severe leukocytosis were usually associated with moderate anemia 
of inflammatory disease. 

A mild polyclonal gammopathy due to an increased «,-protein 
fraction was also noted. Quantitative serum immunoglobulin con- 
centrations and complement hemolytic activity (CHso) levels were 
within normal limits, and direct Coombs’ test and serum antinuclear 
antibody titer were negative. 

The proband, an Irish setter cross, was one of five offspring of an 
accidental breeding between mother and son. The dam was a 
purebred Irish setter, and the sire was a cross between the proband’s 
mother and a dog of unknown breed. One of the proband’s 
littermates died during the first week of life; another male littermate 
had a history of recurrent bacterial infections and was euthanized. A 
female littermate and the parents of the proband did not exhibit any 
increased predisposition to infections and had normal leukocyte 
counts at least on one occasion. The last littermate was unavailable. 

The studies were approved and in accordance with the school’s 
guidelines for clinical research. An informed consent was received 
from the owner of the affected dog. 


Table 1. Hematologic Data of Affected Dog 








Affected Dog* Controls t 
Hematocrit (%) 22-48 37-55 
Leukocytes (x 107/uL}) 26-208 6-17 
Segmented neutrophils 2.1~188 3-11.56 
Nonsegmented neutrophils 0.1-2.4 0-.3 
Lymphocytes 2.9-16.3 1-4.8 
Monocytes 0.6-14.2 0.1-1.3 
Eosinophils 1.4- 15.6 0.1-0.8 





*Data collected from 2 months to 1.5 years of age. 
+Normal range for dogs, Veterinary Hospital, University of Pennsylva- 
nia, Philadelphia. 
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Source and preparation of leukocytes. Leukocytes from the 
affected dog with recurrent bacterial infection and leukocytosis were 
studied several times simultaneously with leukocytes from one or 
more control dogs. Data obtained from the affected animal were 
compared with results collected from 12 dogs of various breeds 
(including Irish setters) that were healthy, as determined by physica} 
examinations and routine laboratory blood tests, and four dogs with 
typical infectious disease-associated leukocytosis. Venous blood was 
collected from a jugular vein in preservative-free heparin (10 
IU/mL) or clot tubes and was processed within 4 hours. Polymor- 
phonuclear leukocytes (PMNs) and mononuclear cells were pre- 
pared from heparinized venous blood by Ficoll-Hypaque centrifuga- 
tion, gravity sedimentation with dextran and/or RBC lysis with 
hypotonic saline (0.2%) or 0.87% ammonium chloride at 4c.” 

Monoclonal antibodies. Murine monoclonal antibodies specific 
for 155-kd @ subunit of Mol (CD11b IgG1 anti-Mol} a [904]) and 
the 94 kd 8 subunit common to all three leukocyte surface glycopro- 
teins Mol, LFA-1 and Leu M5 (CD18 IgG 2a B4) were produced as 
previously described,”"° and were generously provided by Dr 
James Griffin (Dana-Farber Cancer Institute, Boston) and Dr 
Samuel Wright (The Rockefeller University, New York), respec- 
tively. Additional murine monoclonal reagents specific for the « 
subunits of Mol (CD11 b antibodies LM2/1," 44° and 17'°), LPA-1 
(CD1 la antibodies TS1/12. TS1/22,” and CLB-LFA-1/2"), and 
Leu M5 (CDI Ic antibodies L29 and SHCL-3"), and the common 8 
subunit (CD18 antibodies 60.3, MHM23," and TS1/18"? from the 
CD11 and CDI8 panels of the Third International Workshop and 
Conference on Human Leukocyte Markers were also used. Anti- 
bodies 1-3 (9-49), anti-Mo2 (CD14, 116%), and anti-PAM | 
(p181") were used as isotype-identical negative control reagents. 

Leukocyte function studies. The interactions of PMNs with 
various surfaces including cell adherence to plastic Petri dishes,” 
glass coverslips, and nylon fibers® were examined. In brief, PMNs 
{5 x 10°) suspended in Dulbecco’s phosphate-buffered saline (PBS) 
were allowed to settle in a 35-mm plastic Petri dish at 37°C. After a 
45-minute incubation, the fluid was removed, the dish was gently 
rinsed with 2 mL of the above buffer, and adherent cells were fixed 
in 2% (vol/vol) glutaraldehyde in PBS for | hour at 4°C. The 
number and morphology of the adherent cells were evaluated by 
phase-contrast microscopy.?' To study anchoring of cells to glass, 
freshly clotted blood was placed on a coverslip and incubated for 30 
minutes as described for a neutrophil bacterial phagocytosis assay.” 
The coverslips were prepared and evaluated as described above for 
the Petri dishes. Finally, heparinized whole blood was filtered 
through 70, 110, 150, and 190 + 10 mg nylon fiber packed in the 
bottom 25 mm of a Pasteur pipette, and the percentage of PMNs 
adherent was calculated as described by McGregor and col- 
leagues.” 

Random migration and chemotaxis under agarose were measured 
according to Nelson and colleagues” and described modifications," 
using zymosan-activated serum as an attractant. 

Aggregation of PMNs cells was performed as previously 
described.**? In brief, canine neutrophils suspended in Hank’s 
balanced salt solution (10’/mL) were added to aggregation cuvettes 
and warmed to 37°C. Aggregation was induced by the addition of 
phorbol myristate acetate (PMA) (125 ng/mL) and was recorded as 
an increment in light transmission on an arbitrary scale, with use of a 
platelet aggregometer. Aggregation of normal canine PMNs after 
incubation with anti- Mol (904) or a nonreactive control monoclonal 
antibody for 10 minutes at room temperature was also measured.” 

The oxidative metabolic burst of resting and stimulated PMNs 
was assessed by the product formation of a redox reaction and 
generation of reactive oxygen derivatives. The reduction of nitroblue 
tetrazolium (NBT) by PMNs in suspension was examined by the 
spectrophotometric method of Bachner and Nathan“ (using 0.81- 


1624 


um latex spheres as stimulants), which in turn measures superoxide 
generation.“ In flow cytometric studies, the oxidative product 
formation of the highly fluorescent 2’, 7’ dichlorofluorescein from the 
nonfluorescent substrate 2’, 7’ dichlorofluorescin was analyzed in 
single resting and PMA-stimulated cells according to Bass and 
co-workers.” 

Lymphocyte proliferation response to phytohemagglutinin (2.5 or 
5 ug/ml), concanavalin A (con A) (5 or 10 ug/ml), and pokeweed 
mitogen (PWM) (1 or 10 ng/mL) was measured in a microculture 
assay using canine heparinized whole blood.” 

Immunofluorescence flow cytometry. Antigenic expression of 
Mol, LFA-I, and Leu M5 leukocyte glycoproteins was investigated 
with mouse monoclonal antibodies against the a chain of Mol 
(CD1 1b, 904) and the common 8 chain (CD18, IB4) as previously 
described for human leukocytes.** In selected experiments, surface 
expression of neutrophil glycoproteins was assayed after stimulation 
by A23187 calcium ionophore (1 umol/L) for 15 minutes at 37°C4 
Indirect immunofluorescence flow cytometry was carried out by 
exposing PMNs to saturating concentrations of monoclonal anti- 
bodies for 30 minutes at 4°C and then, after washing, incubating 
them with a saturating concentration of fluorescein-conjugated goat 
antimouse immunoglobulin with added human IgG to block nonspe- 
cific binding mediated by Fe receptors. Immunofluorescence inten- 
sity of 5,000 leukocytes as a quantitative measure of relative antigen 
expression was analyzed on Coulter EPICS-C flow cytometer 
(Coulter Electronics, Hialeah, FL) using a logarithmic amplifier. To 
control for nonspecific binding of monoclonal anti-Mol, LFA-1, or 
Leu M5 antibodies, parallel cell samples were exposed to isotype 
identical negative control menoclonal reagents. 

Immunoadsorption and electrophoretic analysis of leukocyte 
antigens. Immunoadsorbed Mol, LFA-1, and Leu M5 glycopro- 
teins from lysates of '?I-surface labeled PMNs and mononuclear 
cells were analyzed by SDS-PAGE (7.5% gels). In brief, canine 
neutrophils and mononuclear leukocytes were surface labeled with 
1 using the iodogen method.” These labeled cells were solubilized 
in 0.01 mol/L of Tris-0.15 mol/L of NaCl buffer, pH 7.8, contain- 
ing 1% NP-40, phenylmethy!sulfonyl fluoride (PMSF) 1 mmol/L, 
iodoacetamide 10 mmol/L, EDTA 10 mmol/L, and 100 ug (each) of 
leupeptin, pepstatin, antipain, and chymotrypsin. '* I-labeled glyco- 
proteins were isolated from NP-40 cell lysates by solid-phase immu- 
noabsorption to immune complexes (murine monoclonal antibodies 
and affinity-purified F(ab’), fragments of goat anti-mouse immuno- 
globulin) absorbed to polyvinyl plastic.” Washed immunoadsorbed 
antigen was solubilized in SDS sample buffer containing 2-mercap- 
toethanol and subjected to SDS-PAGE on 7.5% gels. Autoradio- 
graphs of dried slab gels were prepared, and the electrophoretic 
mobility of immunoadsorbed antigen was compared with that of 
protein standards. 


RESULTS 


Numerous in vitro leukocyte function studies were per- 
formed to characterize the leukocyte defect in the affected 
dog. 

Adherence. Adhesion of the affected dog’s PMN cells to 
the surface of glass coverslips, plastic Petri dishes, and nylon 
fibers was markedly impaired as compared with that of 
control canine PMNs. PMN adherence as a function of 
nylon fiber weight is shown in Fig 1. The percentage of the 
affected dog’s PMNs adhering to the column was severely 
reduced at any nylon fiber weight between 70 and 190 mg. 
Complete adhesion of control dogs’ PMN cells occurred at 
2150 mg nylon fiber, but was not achieved by PMNs from 
the affected dog. As indicated in Table 2, only few PMNs 
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Fig 1. Nylon fiber adherence of polymorphonuclear cells from 
the affected and control dogs. Various weights of nylon fiber were 
packed in Pasteur pipettes. Each point represents the mean of two 
to five determinations. Affected dog (A); control dogs (@). 


and mononuclear cells from the patient were adherent to the 
surface of glass coverslips or plastic Petri dishes. When 
examined by microscopy, the affected dog's cells did not 
flatten, but had a round, refractile appearance, ard were 
easily dislodged by a gentle stream of buffer, whereas norma! 
cells were firmly spread on substrate. 


Table 2. Leukocyte Function Studies of Affected Dag 








Function Affected Dog Controls 
PMNs acherence* 
{cells in ten fields) 
Plastic Petri dish 5 + A3} 78 + 14(4) 
Glass coverslip 3 + 313)¢ 64 + 1114} 
PMN cell migrationt 
{arbitrary migration units) 
Random migration 1 + 1(3) 3+ 1(3) 
Chemotaxis (Zymosan} 2+ 13/7 8 + 2(3) 
NBT reduction§ 
{OD} 
Resting 0.07 + 0.03(3} 0.05 + .01(6) 
Phagocytizing 0.24 + .07(3) 0.19 + .04(5) 


Flow cytometry of DCF oxidation || 
{log green fluorescence) 
Unstimulated 19.2 + 16.6(3) 8.3 + 10.115) 
PMA-stimulated 158 + 21(3) 155 + 22(5) 
Lymphocyte blastogenesis!} 
(stimulation ratio} 


+ 


Con A (5/10 ug) 1.7/2.2 53/75 
PHA (2.5/5 ug) 2.8/7.1 112/86 
PWM (1/10 ug) 1/1 70/75 





Abbreviations: PMNs, polymorphonuclear lymphocytes; NBT, nitro- 
blue tetrazolium; DCF, 2'.7' dichlorofluorescin; Con A, concanavalin A: 
PHA, phytohemagglutinin; PWM, pokeweed mitogen. Data are 
expressed as mean + SD of {n}, determination from affected dog or 
control dogs. 

*Statistical difference between affected dog and controls, P = .05. 

tAdherent cells in ten microscopic fields {x 100). 

{Migration measured by arbitrary microscopic units. 

§increased absorption at 515 nm caused by NBT reduction. 

j Hydrogen peroxide production by PMNs measured by DCF oxidation; 
data expressed as the mean log green fiuorescence. 

‘Representative experiment; stimulation ratio represents thymidine 
incorporation of stimulated over resting cells at two concentrations of 
stimulant. 
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Chemotaxis. The migration of the affected dog’s PMNs 
as well as the migration in response to the chemotactic 
factor, zymosan-activated serum, was poor as compared with 
that of canine control cells, as shown in Table 2. Indeed. the 
attractant failed to stimulate chemotactic migration of 
PMNs from the affected dog significantly. 

Aggregation. Canine control PMNs aggregated readily 
on stimulation with PMA (Fig 2A and B). In contrast, no 
significant aggregation of PMNs from the affected animal 
occurred in the presence of PMA (Fig 2C). 

Oxidative burst reaction. No abnormalities were 
detected in the granulocyte “burst reaction” of the affected 
dog (Table 2). The reduction of NBT by PMNs in response 
to latex particle phagocytosis and the oxidation of 2',7° 
dichlorofluorescein by resting and PMA-stimulated cells 
from control and affected dogs was similar. 

Lymphocyte proliferation. Mitogen-induced lympho- 
cyte blastogenesis was markedly impaired in the affected dog 
as compared with controls (Table 2). Lymphocytes from the 
affected dog failed to proliferate in response to PWM, and 
only minimal responses were seen with con A and phyto- 
hemagglutinin (PHA). 

Expression of Mol, LFA-1, and Leu M5 canine leukocyte 
surface glycoproteins. With a panel of murine monoclonal 
antibodies (including the CD11 and CD18 panels of the 
Third International Workshop on Leukocyte Markers) spe- 
cific for human Mol, LFA-1, and Leu M5, normal and 
patient dog leukocytes were screened by immunofluores- 
cence analysis for the expression of these glycoproteins. 
Among the reagents that cross-reacted with the PMNs of 
either normal dogs or control dogs with leukocytosis were 
CDI 1b antibodies 904 (shown in Fig 3), LM2/1, and 17 
(each specific for epitopes on the a subunit of Mol'®°*), and 
CD18 antibodies IB4 (Fig 3), 60.3 MHM23, and TS1/18 
(identifying epitopes on the 8 subunit polypeptide common to 
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Fig 2. Aggregation of canine neutrophils from the affected 
dog and normal controls in response to phorbol myristate acetate 
(PMA); the effect of CD11b antibody 904 on aggregation of normal 
dog neutrophils. Leukoaggregation was recorded as the increment 
in light transmission (A T, y axis} over the time in minutes (x axis). 
Tracings A and B show the normal aggregation response of 
neutrophils from two control animats exposed to PMA. Neutro- 
phils from the affected dog failed to aggregate in response to PMA 
(tracing C). Tracings D and E demonstrate the aggregation of 
normal canine neutrophils after pretreatment with buffer alone or 
with an IgG1 control murine monoclonal antibody (ascites, 1:50 
dilution), respectively. Pretreatment of neutrophils with igG1 
monoclonal antibody 904 (specific for the a subunit of Mo1) 
attenuates the aggregation response {tracing F). 
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Mol, LFA-1, and Leu M5?”''"*). Antibodies specific for the 
a subunits of LFA-1 (CDI 1a antibodies TS1/12, TS1/22, 
and CLB-LFA-1/2) or Leu M5 (CDI Ic antibodies L29 and 
SHCL-3) failed to bind to normal dog neutrophils (data not 
shown). In contrast to the reactivity of antibodies 904 and 
1B4 for control dog cells, no specific antibody binding to the 
neutrophils of the patient dog was observed (Fig 3). Because 
exposure of human (and dog) neutrophils to degranulating 
stimuli in vitro results in an up-modulation of surface Mol 
antigen from cytoplasmic granular pools,’ we reexamined 
dog neutrophils after they were exposed to calcium ionophore 
A23187 to determine if patient dog neutrophils acquire 
detectable surface Mol expression from previously seques- 
tered cytoplasmic stores. As shown in Fig 4, however. 
calcium ionophore A23187 treatment of patient dog neutro- 
phils failed to stimulate the surface expression of Mol. 

Consistent with the results of immunofluorescence analy- 
ses, very little Mol af heterodimer was detectable in deter- 
gent lysates of "I-labeled neutrophils or mononuclear cells 
from the patient dog as compared with readily apparent Mol 
antigen isolated from the cells of a normal control individual. 
This is shown in Fig 5: In the normal control, the polypep- 
tides characteristic of Mol (p180, 96) could be isolated from 
neutrophil lysates by immunoadsorbence to antibodies 904 
(lane 4) or IB4 (lane 6), whereas only faint bands are visible 
in corresponding lanes 3 and 5 representing immunoad- 
sorbed antigen isolated from the neutrophils of the patient. 
In lane 6 (antigen from norma! dog neutrophils adsorbent to 
the anti-8 polypeptide antibody), an additional band of 160 
kd was observed, which, based on experience in the human 
system, probably represents the a polypeptide of Leu M5. 
Moreover, the existence of an LFA-1! a polypeptide distinct 
from Mol a is suggested by doublet appearance of the broad 
180-kd band apparent in lane 6. Neither of these additional 
polypeptides was found in corresponding lane 5 (patient dog 
antigen). Likewise, no detectable immunoadsorbed (-asso- 
ciated antigen was detectable in the lysate of '*"I-labeled 
mononuclear cells from the patient Vane 10) relative to the 
three bands (180, 160, and 96 kd) isolated from the mononu- 
clear cells of the normal control (lane 9). These results 
indicate that the leukocytes of control dogs express Mol and 
-gssibly LFA-1 and Leu MS glycoproteins, but, in patient 
dog cells, the expression of these determinants is markedly 
deficient. 

Mol, which serves as an adhesion-promoting molecule of 
human neutrophils, performs a similar role in dog cells, as is 
suggested by the results shown in Fig 2: Anti- Mola antibody 
(antibody 904) attenuated neutrophil aggregation stimu- 
lated by PMA (tracing F) as compared with the norma! 
response of neutrophils exposed to a negative control anti- 
body (tracing E). 


DISCUSSION 


In this study, we identified a dog with recurrent severe 
bacterial infections whose leukocytes demonstrated an 
impairment in adhesion-related interactions and a deficiency 
in the expression of Mol and related adhesion-promoting 
glycoproteins. The abnormalities in leukocyte function 
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Fig 4. Surface expression of Mot, LFA-1, and Leu M5 by 
neutrophils of the affected dog and control animals after exposure 
of cells to calcium ionophore A23187. As in Fig 3, hatched 
histograms represent the binding of antibodies 904 or IB4 relative 
to the binding of negative control antibodies (open histograms). 
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Fig3. Surface expression of Mo1, LFA- 
1, and Leu M5 on neutrophils of the 
affected dog and control animals (either 
normal individuals or dogs with leukocyto- 
sis secondary to inflammatory conditions) 
as assessed by indirect immuncfiuores- 
cence using murine monocional antibodies 
specific for the a subunit of Mol [CD11b 
MoAb 904 (aM) or for the subunit 8 com- 
mon to Mol, LFA-1 and Leu M5 (CD18 
MoAb 184} (£)]. The binding of antibodies 
904 and !B4 thatched histograms) relative 
to isotype-identical negative control anti- 
bodies {open histograms) to 5,000 neutro- 
phils was measured by flow cytometry (cell 
number v fluorescence intensity). 


included significant decreases in neutrophil adherence to 
plastic, glass, and nylon wool, random migration and chemo- 
taxis and aggregation in response to PMA, and a marked 
reduction in lymphocyte blastogenesis in response to mitogen 
stimulation (Table 2, Fig 1). Respiratory burst activity of the 
affected neutrophils was normal when latex particles or 
PMA was used as a stimulant (Table 2). A molecular basis 
for this impairment in adhesion-related leukocyte function 
was suggested by the deficient expression of leukocyte sur- 
face glycoproteins Mol, LFA-I, and Leu M5, which, as 
shown ir human and murine systems, contribute to leukocyte 
adhesion to substrates, chemotaxis, neutrophil aggregation, 
and to lymphocyte blastogenesis and cytotoxic function. ° 
The inhibitory activity of anti-Mol monoclonal antibody 904 
on canine neutrophil aggregation stimulated by PMA (Fig 2) 
indicates a similar role for Mol in the dog system. Deficient 
expression of Mol and related molecules was demonstrated 
by immunofluorescence analysis in which murine mono- 
clonal antibodies specific for the œ polypeptide of human 
Mo! (CD11b) or the 8 polypeptide common to Mol, LFA-1, 
and Leu M5 heterodimers (CD18) failed to bind to the 
neutrophils of the affected dog but demonstrated specific 
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Immunoadsorption of Mo1, LFA-1, and Leu M5 from NP-40 lysates of '**I-surface-labeled neutrophils (GRAN) or mononuclear 


cells (MNCs) of the affected dog (lanes 1, 3, 5, 7, 10, 12) or a normal control animal (lanes 2, 4, 6, 8, 9, 11). Equivalent amounts of '**! lysate 
from the affected dog or the control individual were incubated on a solid-phase immunoadsorbent consisting of IgG1 anti-Mo1 antibody. 
904 (lanes 3 and 4), IgG2a anti-8 antibody, 1B4 (lanes 5, 6, 9, and 10), an IgG1 negative control antibody (lanes 1 and 2), or an IgG2a 
negative control antibody (lanes 7, 8, 11, and 12). Immunoadsorbed antigen was solubilized in sodium dodecyl sulfate (SDS) sample buffer 
containing -mercaptoethanol and subjected to SDS-polyacrylamide gel electrophoresis on 7.5% slab gels. Numbers represent 
electrophoretic mobility of protein standards. For comparison, human Mo! antigen consists of two polypeptides of 170 and 96 kd when 


electrophoresed on 7.5% gels (not shown). 


cross-reactivity with the cells of control dogs (including 
animals with leukocytosis secondary to inflammatory disor- 
ders). Stimulation of the affected dog’s neutrophils by cal- 
cium ionophore A23187 under conditions that up-modulated 
Mol surface expression in normal animals failed to induce 
detectable Mol expression (Fig 4). Moreover, detergent 
lysates of I-labeled leukocytes from the affected dog were 
markedly deficient in their content of immunoadsorbable 
Mol glycoprotein (p180, 96 on 7.5% polyacrylamide gels) 
relative to that isolated from a normal individual (Fig 5). « 
Polypeptides of LFA-1 and Leu M5 that were discernible 
(albeit weakly) after immunoadsorption to anti-@ subunit 
antibody from lysates of normal canine cells were absent 
from that of the affected dog (Fig 5). 

The disorder in leukocyte function in association with 
deficient expression of Mol and related glycoproteins exhib- 
ited by this dog is similar to a clinical syndrome recently 
described in >50 human patients with leukocytosis and 
recurrent bacterial infections.***'? In each case, the leuko- 
cytes of these patients demonstrated profound defects in 
neutrophil and monocyte adhesion to artificial and physio- 
logic substrates, neutrophil and monocyte chemotaxis, neu- 
trophil aggregation induced by a variety of inflammatory 
stimuli, as well as neutrophil and monocyte binding and 
phagocytosis of complement (C3bi-)-opsonized particles. 
Certain individuals exhibited impairments in delayed hyper- 
sensitivity reactions, including lymphocyte blastogenesis in 
response to soluble recall antigens and mitogens, and in 
cytotoxic T lymphocyte and natural killing. The leukocytes 
of these patients were either partially or totally deficient in 
the expression of Mol, LFA-1, and Leu MS glycoproteins, 
which, based on recent biosynthetic information,” may be 
the result of biosynthesis of a defective 94-kd 8 polypeptide 
common to all three glycoproteins. 

Reports demonstrating the inhibitory effect of glycopro- 
tein-specific monoclonal antibodies on leukocyte function 
indicate that Mol (expressed by monocytes and neutrophils) 
is the surface receptor for C3bi (CR3)** and also serves as an 
adhesion-promoting molecule of neutrophils and mono- 


cytes,”'' whereas LFA-1 (expressed by all leukocytes) facili- 
tates adhesive interactions involving lymphocytes and natu- 
ral killer (NK) cells'?'® (the functional significance of Leu 
M5 has not been determined). Therefore, impairments in 
neutrophil and monocyte function (CR3 activity and adhe- 
sive interactions) exhibited by patient cells has been attrib- 
uted to a deficiency in Mol, whereas defects in lymphocyte 
and NK cell activity (blastogenic responses of lymphocytes: 
lymphocyte and NK cell cytotoxicity) are a consequence of a 
deficiency in LFA-1. By analogy, it is likely that the leuko- 
cyte functional abnormalities exhibited by the affected dog 
relate to the deficiencies in the expression of Mol and 
LFA-1. 

Based on whether the deficiency in expression of Mol, 
LFA-1, and Leu MS is partial (2.5% to 31% of the glycopro- 
tein expression of normal leukocytes) or complete (<0.3% of 
normal Mol expression even after calcium ionophore stimu- 
lation), two forms of the disorder have been identified in 
humans, with good correlation between the level of glycopro- 
tein expression and the degree of leukocyte functional 
impairment and the severity of the clinical syndrome.” By 
the same criteria, the animal we studied would be classified 
as having a severe form of the disease with no Mol a 
polypeptide or common 8 peptide expression evident by 
immunofluorescence analysis and barely detectable amounts 
of Mol immunoadsorbed from cellular lysates, 

Moreover, the clinical manifestations observed in this dog 
are unquestionably related to the profound adhesion dys- 
functions of phagocytes in this disorder and are very similar 
to the clinical signs described in human patients with severe 
Mol, LFA-1, and Leu M5 deficiency syndrome.**?""” Bacte- 
rial infections of body surfaces such as skin and gingiva as 
well as osteomyelitis have previously been observed in human 
patients with this and other disorders that predispose to 
bacterial infections. Impaired pus formation and delayed 
wound healing appear to be more unique features of an 
abnormal inflammatory response in this disorder. 

Of related interest are a series of reports by Renshaw and 
collaborators”? who described a neutrophil function defect 
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in a male Irish setter dog and some of its offspring. Dogs with 
this so-called “canine granulocytopathy syndrome” had a 
history of omphalophlebitis after birth and subsequent epi- 
sodes of recurrent bacterial infections including pyoderma, 
pododermatitis, lymphadenopathy, gingivitis, and osteomy- 
elitis. These animals had a persistent, marked leukocytosis, 
with most cells being mature neutrophils. A neutrophil 
defect in bactericidal activity due to a reduced glucose 
oxidation by the hexose monophosphate shunt was suspected, 
although these abnormal neutrophils showed increased 
capacity to reduce NBT dye. Unfortunately, most of these 
dogs died at a few months of age, and apparently none are 
available for further studies. Because the clinical features 
and routine laboratory test results appear to be identical with 
the disorder described here in an inbred Irish setter back- 
cross, however, the previously reported “canine granulocyto- 
pathy syndrome” may indeed be caused by a leukocyte Mol, 
LFA-1, and Leu M5 deficiency. 

The study of family members of human patients with 
Mol, LFA-1, and Leu M5 deficiency suggests either an 
autosomal recessive* or x-linked recessive”! mode of inheri- 
tance. The parents of affected offspring are clinically normal 
and generally exhibit normal leukocyte function. Certain 
parents and clinically normal siblings, however, express 
intermediate quantities of leukocyte surface glycoproteins 
(best detected after maximal in vitro stimulation of leuko- 
cytes), Suggesting a heterozygous state.*” 

The family history of the affected Irish setter mixed-breed 
dog suggests an autosomal recessive mode of inheritance, 
indicated because (a) the affected dog was a product of an 
Irish setter mother and her son (the father’s father was of an 
unknown other breed), and (b) the parents and one female 
littermate were not afflicted by recurrent bacterial infections 
and had normal leukocyte counts, whereas another male 
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littermate was reported to have a history of frequent bacte- 
tial infections. Preliminary leukocyte function tests and 
monoclonal antibody studies of mother and female littermate 
support an autosomal recessive inheritance with interme- 
diate expression of leukocyte surface glycoproteins (data not 
shown). In addition, limited breeding studies of Irish setters 
with the previously described “canine granulocytopathy syn- 
drome” also suggested an autosomal recessive mode of 
inheritance.” 

In conclusion, the comparative evaluations of the clinical 
features, the functional leukocyte abnormalities, and the 
molecular defect between the affected dog and the previously 
described human patients with Mol, LFA-1, and Leu M5 
deficiency suggest that the patient has a leukocyte surface 
glycoprotein deficiency syndrome very similar if not identical 
to that recognized in humans. This is the first animal 
homologue of the leukocyte surface glycoprotein Mol, 
LFA-1, and Leu MS deficiency. We are presently trying to 
establish an animal colony. The availability of an animal 
model for this disorder should prove useful in further charac- 
terizing the molecular basis and pathophysiology of deficient 
leukocyte glycoprotein expression and in developing new 
therapeutic approaches. In particular, functional aspects of 
these adhesion-promoting leukocyte glycoproteins and lack 
of expression could be studied in vivo, and gene replacement 
therapy could be developed in a large animal species with this 
defect. 
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Pluronic F-68 Reduces the Endothelial Adherence and Improves the Rheology of 
Liganded Sickle Erythrocytes 


By Clark M. Smith Il, Robert P. Hebbel, David P. Tukey, C.C. Clawson, James G. White, and Gregory M. Vercellotti 


A perfluorochemical blood substitute emulsified with Plu- 
ronic F-68 has been shown to improve the filterability of 
deoxygenated sickle red cells. We questioned whether 
some of the effect was independent of oxygen loading and 
studied the influence of Fluosol DA (Green Cross, Osaka, 
Japan) and Pluronic on the rheology and adhesion of sickle 
red cells saturated with oxygen and carbon monoxide. A 
5-vol/vol% concentration of Fiuosol or equivalent concen- 
tration of Pluronic was equally effective at improving the 
filtration of washed sickle cells through 5-um-diameter 
pores at wall shear stresses approximating 1,000 dyne/ 
cm?. The same concentration of Pluronic reduced the 
extensional static rigidity of irreversibly sickled cells {ISC) 


HEOLOGICAL ABNORMALITIES are apparent in 

oxygenated blood samples from patients with sickle 
cell anemia. Washed, oxygenated sickle red cells are less 
deformable than normal erythrocytes as evidenced by vis- 
cometry, filtration, ektacytometry, and micropipette aspira- 
tion studies.’* Sickle red cells retaining an elongated, dis- 
torted shape under conditions of oxygenation are commonly 
termed irreversible sickled cells (ISC) and tend to be the 
least deformable of the sickle cells.'° ISC are dehydrated, 
dense cells that have undergone permanent alterations of 
membrane protein and lipid organization.” Small amounts 
of intracellular sickle hemoglobin polymer persist in dense 
sickle cells after conventional oxygenation procedures, and 
exposure of oxygenated sickle cells to a higher-avidity hemo- 
globin ligand, carbon monoxide (CO), decreases the number 
of apparent ISC by approximately half.’°" 

Sickle red cells also demonstrate increased adherence to 
each other and to cultured vascular endothelium.'*'* The 
number of oxygenated sickle red cells adhering to endothelial 
monolayers correlates with the general clinical severity 
among sickle cell syndromes'*'® and with the severity of 
vasoocclusive events in sickle cell anemia. "ë A greater 
number of washed, oxygenated sickle cells from the denser 
cell fraction adhere to endothelial monolayers than from the 
lighter sickle cell fractions.'* Micropipette detachment stud- 
ies suggest that the most distorted and least deformable 
sickle cells are less adherent to endothelial cells than inter- 
mediate forms, perhaps due to a reduced ability to form 
multiple surface contacts. 

Perfluorochemicals are chemically inert organic products 
of fluorination synthesis that dissolve large amounts of 
oxygen and are under active study as blood substitutes.'"”' 
Fluoso! 43, a perfluorotributylamine product emulsified with 
the nonionic detergent Pluronic F-68, improved the viscosity 
and filterability of deoxygenated sickle cells, presumably by 
improving oxygenation.” Curiously, deoxygenated sickle 
cells admixed with oxygenated Fluosol 43 were even more 
filterable than sickle cells oxygenated under ambient condi- 
tions. 

We questioned whether the perfluorochemical emulsion 
exerted effects on red cell rheology independent of the 
improvement of oxygen loading. We therefore studied the 
influence of Fluosol DA, a new perfluorodecalin-perfluoro- 
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by 25% and also abolished the adherence of gravity- 
sedimented sickle cells to endothelial monolayers in the 
presence of saline or plasma. The inhibition of adherence 
was not reversible by washing and was accomplished with 
equal ease by isolated treatment of sickle cells or endothe- 
lium. Pluronic had no effect on the rheology or adhesion of 
normal adult red cells. Neither Fluosol nor Pluronic 
changed sickle or normal cell shape, mean cell volume, 
mean cell density, or cell density distribution. A lubricating 
effect of Pluronic on cell surfaces could explain all of the 
rheological observations and offers another direction of 
inquiry in the search for therapy for sickle cell disease. 
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tripropylamine product, and its emulsifier, Pluronic F-68, on 
the rheology of washed sickle and normal red cells saturated 
with oxygen and CO. Several aspects of red cell mechanical 
behavior were evaluated including filterability, cell shape, 
size, micropipette aspiration, and adherence to endothelial 
monolayers. Pluronic F-68 improved the filterability of sickle 
cells and micropipette aspiration of ISC and abolished sickle 
cell adherence to endothelium without altering cell shape or 
size. The studies are most consistent with a lubricating effect 
of Pluronic F-68 on the cell surface and consequent reduction 
of cell stickiness. 


MATERIALS AND METHODS 


Subjects. Blood samples were obtained from healthy adult 
volunteers and adult and pediatric patients with homozygous sickle 
cell anemia in accordance with the Committee on the Use of Human 
Subjects in Research of the University of Minnesota. The diagnosis 
of sickle cell anemia was verified by isoelectric focusing hemoglobin 
electrophoresis, Coulter counter (Coulter Electronics, Hialeah, FL) 
cell sizing, quantitative HbA, determination, and family studies. All 
patients had experienced typical vasoocclusive crises. All were in 
good health at the time of blood donation, and none had been 
transfused in the preceding 4 months. 

Red cell preparation. Blood was drawn into heparinized 
syringes, and the red cells were separated from leukocytes and 
platelets by differential centrifugation at 1,000 g for ten minutes. 
RBC were washed four times in phosphate-buffered saline, 0.1 g/dL. 
albumin, 0.1 g/dL glucose, 295 mosm, pH 7.4, for all of the studies 
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except endothelial adherence where Hanks’ balanced salt solution 
(HBSS) was used. Washed RBC were adjusted to approximately 
10% hematocrit and were oxygenated by exposure to room air for 30 
minutes at 37°C in a swirling bulb tonometer. Some cell samples 
were further treated with 100% CO for an additional 30 minutes at 
37°C. 

Fluosol and components. Fluosol DA, 20% (Fluosol), and its 
detergent component, Pluronic F-68 (Pluronic), were supplied by 
Alpha Therapeutics, Los Angeles. The Fluosol preparation was 
stored at — 20°C and was thawed just prior to reconstitution and use. 
Fluosol was reconstituted according to the manufacturer’s instruc- 
tions and had a final composition of perfluorodecalin, 14.0 wt/vol%; 
perfluorotripropylamine, 6 wt/vol%: Pluronic, 2.72 wt/val%; 
hydroxyethyl starch, 3.0 wt/vol%; yolk phospholipid, 0.4 wt/vol%: 
glycerol, 0.8 wt/vol%; NaCl, 0.6 wt/vol%; CaCl, 0.03 wt/vol%; 
MgCl), 0.02 wt/vol%; glucose, 0.18 wt/vol%; KCI, 0.034 wt/vol %; 
and NaHCO,, 0.21 wt/vol%. Pluronic F-68 (Wyandotte Chemical 
Corp, Wyandotte, MI) was greater than 99.9% pure and was 
dissolved in HBSS to a final concentration equal to that in the 
Fluosol preparation, 2.72 wt/vol%. The washed and liganded RBC 
suspensions were incubated with the Fluosol or Pluronic prepara- 
tions for 30 minutes at room temperature at a S-vol/vol% (1 vol 
Fluosol or Pluronic in 19 vol red cell suspension) or 15 vol/vol% 
concentration. 

Cell size, shape, and density. The hemoglobin concentration 
was determined spectrophotometrically by the cyanomethemoglobin 
method (Sigma Chemical Co, St Louis). Hematocrit CHCT) was 
measured by high-speed centrifugation of capillary tubes using an 
Adams Readacrit Microhema:ocrit centrifuge (Becton Dickinson, 
Parsipanny, NJ), and RBC counts were performed by a Coulter 
counter. The mean cell volume (MCV) was determined by dividing 
the HCT by the RBC count, and the mean cell hemoglobin concen- 
tration (MCHC) was calculated from the hemoglobin concentration 
and HCT. RBC density distribution was evaluated by visualization 
of eight-layer discontinuous dextran 40 density gradients centri- 
fuged at 90,000 g for 90 minutes at 4°C.?™* The concentration of the 
Dextran 40 in the gradient layers varied from 24 to 38 g/dL 
(density, 1.078 to 1.20 g/mL). RBC morphology was evaluated by 
light microscopy of cell samples fixed by the sequential addition of 
0.1% glutaraldehyde followed by 3.0% glutaraldehyde in White's 
saline, pH 7.3,” and by visualization of native cells in the video 
microscope of the micropipette apparatus. ISC were defined as cells 
with approximate axial-to-width ratios of greater than 2:1 after 
oxygenation. 

Red cell filtration. A dilute suspension of washed erythrocytes 
was pushed at a constant flow rate through Nuclepore “Hemafil” 
membranes (Nuclepore Corp, Pleasanton, CA) containing cylindri- 
cal pores of approximately 5-um diameter housed in an apparatus 
previously described. The multiply washed RBC suspensions had 
WBC counts less than 100/uL. Untreated cell suspensions and RBC 
in 5 and 15 vol/vol% Fluosol or Pluronic were adjusted to 10% HCT 
and pushed through the filters at a flow rate of 1.7 ml/min. The 
same lot number of filters (S4FOC136) was used for all of the 
studies. 

The pressure generated across the filter during flow was continu- 
ously monitored and was used to define an index of cellular deform- 
ability as proposed by Schmalzer et al.” The initial pressure 
increment (Pi) generated by the cell suspension transversing the 
filter divided by the pressure increment due to fluid without cells 
(Po) has been experimentally and theoretically related to cellular 
deformability.” Increases in pressure after Pi are generally attrib- 
uted to progressive pore obstruction due to nondeformable or perma- 
nently adhesive cells. ?®? 

Micropipette static rigidity. The static rigidity of the red cell 
was studied by aspiration of a small portion of the membrane into 
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{-um-diameter micropipettes at pressures between 200 and 700 
dyne/cm’.*** The apparent extensional shear elastic modulus (x) of 
the membrane was obtained by linear regression analysis of the 
experimental pressure-extension length pairs utilizing the mathe- 
matical relationship described by Chien et al?® The derived m 
reflects membrane properties in red cells of normal density and 
shape, but at the extremely high hemoglobin concentrations found in 
dense sickle cells, the internal milieu dominates the elasticity of even 
small micropipette deformations.ć In this report, u is used as an index 
of the static rigidity of the cell. The RBC were studied while inside a 
I-mm-high glass cave, similar to that reported by Linderkamp and 
Meiselman.” The same pipette was used for paired untreated and 
treated RBC because of the large error introduced into the analysis 
by erroneous measurement of pipette radius. The effect of Pluronic 
was evaluated after aspiration of the untreated cells and was 
analyzed by use of an elastic index defined as the ratio of the u of 
treated RBC to the u of paired, untreated cells measured with the 
same pipette. 

Endothelial adherence. RBC were examined for adherence to 
confluent primary cultures of human umbilical vein endothelium as 
previously described.'*"° Briefly, *'Cr-labeled RBC were washed and 
suspended to a 25% HCT in the medium in which adherence studies 
were conducted. They were then gently layered on endothelium and 
allowed to incubate for 30 minutes at 37°C. The endothelium was 
then washed seven times using the original suspending medium and 
twice with distilled water. The radioactivity in each wash was 
measured, and the percentage of cells remaining after each wash was 
determined. 

Endothelial adherence was evaluated with RBC suspended in 
either HBSS containing 0.5% albumin or in ABO- and Rh-compati- 
ble human plasma. HBSS/albumin or plasma was altered by 
dilution with 5 vol/vol% Fluosol, the Pluronic alone, or HBSS (for 
controls). For some studies, either RBC or endothelium were 
pretreated with plasma containing 3% Pluronic for 20 minutes 
followed by five washes with plasma without Pluronic: adherence 
studies were then done with RBC suspended in the control plasma. 


RESULTS 


Filtration. Washed and oxygenated sickle red cells were 
considerably less filterable than normal red cells. Sickle cells 
generated Pi/Po ratios of 24.1 + 8.6 and wall shear stresses 
of 980 to 2,940 dynes/cm? in filtration through the 5- 
um-diameter pores. Normal cells had Pi/Po ratios of only 
1.9 + 0.3 and shear stresses approximating 200 dyne/cm? at 
the same flow rate and HCT {P < .001). The large variations 
in the sickle cell filtration pressures were due to differences 
between patients; the variation within a set of runs on an 
individual patient was less than 10%. Fluosol reduced the 
Pi/Po ratio of conventionally oxygenated sickle cells by one 
third as shown in Fig | but did not have a significant effect on 
the pressure of normal cells under the same filtration condi- 
tions (results not shown). Exposure of oxygenated sickle cells 
to CO did not alter filtration pressure, although CO did 
reduce the ISC count to 50% of that observed after conven- 
tional oxygenation. Fluosol reduced the filtration pressure of 
CO-exposed sickle cells as much as oxygenated cells, and 
Pluronic was as effective as Fluosol in improving the filtra- 
tion of CO-exposed sickle cells. A 15-vol/vol% concentration 
of Fluosel did not improve filtration more than the 5- 
vol/vol% concentration (data not shown). Although the 
number of sickle cell patients is toc small for valid statistical 
comparison, the patients with the highest ISC counts seemed 
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Fig 1. Both Fluosol and Pluronic improved the filtration of 


oxygenated (0,) and CO-treated sickle cells. Pi/Po is a dimension- 
less pressure parameter defined in the text. The Pi/Po of oxygen- 
ated sickle cells has been defined as 100%; all other treatments 
have been normalized to the percentage of the oxygenated cell 
sample because of the large variability in Pi/Po between sickle cell 
patients. Concentrations of 5 vol/vol% of Pluronic and Fiuosol 
were used in the studies. Each bar graph represents the mean = 1 
SD of duplicate to triplicate filtration runs from seven patients 
with sickie cell anemia. 


to have the greatest filtration pressures and most marked 
pressure decrements after Fluosol or Pluronic treatment. The 
four patient wnh the highest ISC counts (mean, 20% + 6%) 
showed a 41% = 8% decrease in the Pi/Po ratio with Fluosol 
treatment, yet three other patients with mean ISC counts of 
7% + 3% showed only a 15% reduction in pressure. 

The filtration of red cells is a complex biophysical process 
dependent on cellular geometry, availability of surface area 
for deformation, cell-to-pore size ratio, cytoplasmic and 
membrane viscoelasticity, and adhesive interactions with the 
filter. We studied the possible mechanisms contributing to 
the improved filtration by evaluating the influence of Fluosol 
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Fig 2. A concentration of 5 vol/vol% of Fluosol did not alter 
the distribution of cell density of normal or sickle red cells. The cell 
density distribution profiles of normai red cells (left) and sickle red 
celis (right) are shown on eight-layer discontinuous Dextran 40 
gradients varying in density from 1.078 to 4.20 g/mL. Sickle cell 
suspensions show greater heterogeneity in cell density than 
normal, with increased numbers of both light and dense cells. 
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and Pluronic on more independent measures of the individual 
biophysical factors. 

Cell geometry and density. Neither Fluosol nor Pluronic 
had an obvious effect on cell shape or cell volume. The 
morphology of Fluosol- and Pluronic-treated sickle and 
normal red cell suspensions was indistinguishable from 
untreated samples in the native state under the videomicro- 
scope and by light microscopy of aoa a Idehyde-fixed prepa- 
rations. The MCVs of the Fluosol (87 + 3 PL). Pluronic 
(86 + 417L) and untreated sickle se cell suspensions 
(85 + 4fL) were very similar. Cell density is the most 
important determinant of the cytoplasmic viscoe elasticity of 
liganded sickle red cells. The MCHC of sickle celis tr eated 
with Fluosol (34.8 + 1.1 g/dL) or Pluronic (34.1 + 92/ 
did not differ from untreated cells (34.6 + 0.8 g yal 
distribution of the cell density of normal and si ickle ce ls was 
also not altered by Fluosol or Pluronic, as illustrated by the 
density gradients shown in Fig 2. Hemolysis was less than 1% 
after exposure to either preparation over the onc- to four- 
hour time periods encountered in the course of the studies. 

Micropipette aspiration, The static rigidity of sickle and 
normal erythrocytes was evaluated by aspiration of small 
portions of the cel] into |-am-diameter micropipettes at low 
pressure, which yielded an extensional shear elastic modulus 
{u) that increases with greater cell rigidity. The y of the 
control untreated normal RBC was 6.8 + 0.9 x 10° 
dyne/cm*; untreated discocytic sickle RBC and ISC were 
8.5 + 2.0and 14.9 + 4.1 j? dyne/em’, respectively. The 
influence of a S-vol/vol% concentration of Pluronic on the g 
of nermal and sickle RBC is shown in Fig 3. Pluronic had no 
significant effect on the p of normal or discocytic sickle R BC 
but caused a 25% reduction in p (improvement in extensibill- 
ty) in ISC. 

Endothelial adherence. The influence of Fluosol and 
Pluronic on RBC adherence was studied by determining the 
number of cells attaching to endothelial monolayers under 
gravity sedimentation. Figure 4 depicts two represental tive 
endothelial adherence studies. The addition of a S-vol/vol% 
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Fig 3. Pluronic reduced the static rigidity of ISC on micrapi- 
pette aspiration but had no effect on normal ceils or discocytic 
sickle cells. The effect of a 5-vol/vol% concentration of Pluronic is 
presented as the ratio of treated to untreated extensional shear 
elastic modulus (x). An equal number of Pluronic-treated cells 
were studied with the same pipette used initially to aspirate 
untreated cells. The bar graphs represent the mean + 1 SO of 60 
normal cell pairs. 79 discocytic sickle cell pairs, and 47 1SC pairs. 
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Fig 4. Fluosol and its Pluronic component abolish the abnor- 
mal adherence of sickle RBC to endothelium. Two representative 
studies are shown using RBC from two different sickle 
patients. (A) Normal RBC (open symbols) and sickle RBC (closed 
symbols) examined in HBSS/albumin containing 5 vol/vol% Fluo- 
sol (¥) or Pluronic (M) or HBSS as control {O, @). (B) Normal RBC 
(open symbols) and sickle RBC (closed symbolis} examined in 
plasma containing Pluronic (i) or HBSS as control (O, @). Pretreat- 
ment of either sickle RBC {Y} or endothelium (A) with Pluronic has 
the same effect as Pluronic being present during the adherence 
assay. 


ished the abnormal adherence of sickle RBC to endothelial 
cells, and this effect was seen when using the Pluronic 
component of Fluosol alone (Fig 4A). Identical results were 
obtained upon examination of RBC from four additional 
sickle cell anemia patients. As shown in Fig 4B, the adher- 
ence-abolishing activity of the Pluronic was also evident 
when adherence was studied in plasma. In addition, pretreat- 
ment of either RBC or endothelium with Pluronic was just as 
effective in eliminating abnormal sickle adherence as was 
having Pluronic present during the actual adherence assay 
(Fig 4B). 


DISCUSSION 


The rheology of liganded sickle red cells was improved by 
the Pluronic F-68 component of Fluosol via a non-oxygen- 
dependent mechanism. Pluronic F-68 was as effective as 
Fluosol in reducing the filtration pressure of washed oxygen- 
ated and CO-treated sickle cells. Reindorf et al also found 
that a perfluorotributylamine preparation emulsified with 
Pluronic F-68 reduced the relative resistance of washed 
sickle cells.” A 20-vol/vol% admixture with deoxygenated 
sickle cells decreased filtration resistance even below that 
manifested by sickle cells equilibrated with ambient oxygen. 
Although the benefit was attributed to hyperoxygenation 
and increased hemoglobin liganding, our studies show that 
some of the improvement was mediated solely by the Plu- 
ronic component of the perfluorochemical. 

Pluronic F-68 was also as effective as Fluosol DA in 
abolishing the adherence of sickle cells to endothelial mono- 
layers. Pluronic increased the ease of aspiration of ISC into 
micropipettes but had no effect on the aspiration of disco- 
cytic sickle cells. Sickle cell morphology, cell volume, inter- 
nal hemoglobin concentration, and distribution of cell den- 
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sity were not altered by exposure to Pluronic. The dramatic 
influence of Pluronic on endothelial cell adherence and the 
lack of effect on sickle cell geometry and density suggest that 
the improved rheology of sickle cells may be mediated by the 
reduction in cell adhesion. Although rigid ISC are somewhat 
less adhesive to endothelial cells than less-distorted sickle 
poikilocytes,’* the strongly forced contact of ISC with the 
filter pore or glass micropipette may allow multiple point 
attachments to form by overcoming physical inflexibility. 
The shear stresses generated in sickle cell filtrations were 
over 1,000 dyne/cm’, and even normal red cells adhere to the 
pore orifice at shear stresses above 200 dyne/cm?.™* Further- 
more, unlike normal or discocytic sickle cells, ISC demon- 
strate hysteresis during micropipette aspiration that is com- 
patible with cell adhesion to the pipette.® 

Although a reduction in cell adhesion could explain all of 
the experimental observations, the sickle cell filtration and 
micropipette studies may also indicate an improvement in 
ISC deformability. The filtration behavior of sickle cell 
Suspensions is dominated by the most rigid cellular elements, 
the ISC. The micropipette aspiration studies are compatible 
with an improvement in ISC deformability, and softening of 
ISC would be expected to reduce filtration pressure. 

Fluosol DA and Pluronic had no effect on the filtration, 
adhesion, or micropipette aspiration of normal adult red 
cells. In contradistinction to sickle cells, normal red cells are 
minimally adherent to endothelium” or glass surfaces.” 
Holloway et al also did not find any effect of Pluronic on the 
filtration of normal red cells through 3-um-diameter pores.” 

Exposure of oxygenated sickle cells to CO in our studies 
reduced the number of ISC, which is in agreement with the 
report by Rogers et ai,'' but had no effect on the filtration 
pressure of sickle cell suspensions. We previously commented 
on the heterogeneity of filterability of oxygenated ISC and 
the difficulty in distinguishing ISC of variant filterability.4 
The current studies indicate that ISC undergoing shape 
reversal upon full hemoglobin liganding are either consider- 
ably more filterable than permanently deformed ISC or the 
cell’s filterability is not altered by shape reversal. 

Pluronic F-68 is a polyol nonionic surfactant used as an 
emulsifying, dispersing, wetting, and defoaming agent.* It is 
a long block copolymer of approximate molecular weight 
8,500 composed of a central hydrophobic polyoxypropylene 
region flanked by repetitive polyoxyethylene hydrophiles on 
either side. The multiplicity of hydrophilic and hydrophobic 
groups and the relatively large size of the polymer suggest 
significant membrane interaction but poor cell penetration. 

Pluronic reduced sickle cell adherence to endothelial 
monolayers in the presence of plasma as well as in saline. The 
dimunition of sickle cell adhesion was accomplished with 
equal ease by pretreatment of the sickle erythrocytes or the 
endothelial monolayer with Pluronic. The reduction of adhe- 
sion remained through five washes with plasma not contain- 
ing Pluronic. The effectiveness of both red cell and endothe- 
lial cell treatment shows that only one cell surface need be 
altered to block adhesion. The irreversibility of the Pluronic 
exposure is consistent with the multiplicity of hydrophobic 
and hydrophilic groups in the polymer available for interac- 
tion with the cell membrane. Unlike the effect on sickle red 
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cell adherence, irreversible inhibition of neutrophil adhesion 
required prolonged exposure to Pluronic for 18 hours.” 

The reduction of sickle cell adherence at a relatively low 
concentration of Pluronic offers some hope for future thera- 
peutic application in sickle cell crisis. The adherence of 
oxygenated sickle cells to endothelium is correlated to vasoc- 
clusive severity in sickle cell disease.'*"* The concentra- 
tions of Pluronic required to precipitate plasma proteins, 
cause cytotoxicity of macrophages, or maximally impair 
neutrophil function are over four times greater than the 
concentration needed for abolition of sickle cell adher- 
ence.’ Unfortunately, Pluronic is a potent activator of 
complement even at low concentrations, and adverse pulmo- 
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nary reactions have been observed in humans alter the 
clinical administration of perfluorochemicals emulsified with 
Pluronic.” It would seem prudent to evaluate other members 
of the Pluronic polyol family varying in molecular weight 
and proportion of hydrophobe/hydrophile to determine 
whether complement activation can be minimized with 
retention of surface-lubricating potency. 
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A Test for Fanconi’s Anemia 


By James German, Steven Schonberg, Sandra Caskie, Dorothy Warburton, Catherine Falk, and James H. Ray 


A simple and reliable cytogenetic test for Fanconi’s anemia 
(FA) that is based on the hypersensitivity of FA cells to 
mitomycin C (MC) is described. Equal volumes of whole 
blood from a patient in whom the diagnosis of FA is 
suspected and from a normal person of the opposite sex 
are co-cultured in phytohemagglutinin-containing medium 
in the presence and absence of MC. After five days’ 
co-cultivation, 100 quinacrine-stained metaphases from 
both the MC-containing and the MC-free cultures are 
examined for the presence of a Y chromosome using 
fluorescence microscopy. In all bona fide FA patients in 
whom testing was successful, hypersensitivity to MC was 


IAGNOSIS of each of the several human genetic 

disorders that feature defective DNA repair, chromo- 
some instability,! or both can be difficult without the aid of 
special laboratory tests because of the noteworthy degree of 
variability that exists in the clinical phenotypes. For exam- 
ple, in Fanconi’s anemia (FA), abnormalities of the thumb 
and radius may or may not be present and the age of onset of 
bone marrow failure is variable, making it difficult some- 
times to distinguish FA from other hypoplastic disorders of 
the bone marrow. In fact, many FA patients totally lack 
congenital anomalies. 

Diagnosing FA with certainty also poses a problem for the 
laboratory investigator. Several years ago a simple cytoge- 
netic test for FA was devised for use in our research 
laboratory. The procedure, reported briefly in 1978) is 
presented here in detail along with results obtained from the 
analysis of blood samples from 20 patients with develop- 
mental defects or hematologic abnormalities of the type that 
suggested FA as a diagnostic possibility, including 12 bona 
fide FA patients. Lymphocytes from three parents of FA 
patients and five normal laboratory personnel also were 
examined. Repeated use of the test by us and others* has 
confirmed its validity. 

The test is based on the known hypersensitivity of FA cells 
to the bifunctional alkylating agent mitomycin C (MC). 
Blood cells from a suspected FA patient are co-cultured with 
cells from a normal person of the opposite sex in medium 
containing MC. Simultaneously, a control co-culture lacking 
MC is set up. The proportion of male and female cells in the 
cultures at the termination of co-cultivation is estimated by 
scoring for the presence or absence of a Y chromosome in 100 
quinacrine-stained metaphases. Hypersensitivity to MC, if 
present, is signified by the drastic reduction in the expected 
proportion of the patient’s mitotic cells in the MC-treated 
co-culture. The results of the study demonstrate that cells 
from FA patients can be distinguished readily from those of 
patients with other related disorders. 


MATERIALS AND METHODS 


Patients. Lymphocytes from 12 FA patients, 5 male and 7 
female, who had been diagnosed with certainty on the basis of 
clinical features and cytogenetic findings (identified as FA-1 
through FA-12 in Table 1) were studied. Untreated cells from each 
of the patients exhibited chromosome instability of the type now 
known to be characteristic of FA?’ (Table 1). Also, as is characteris- 
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readily demonstrated by the striking deficiency of FA 
metaphases (0.9% to 14.9%) in the MC-containing co- 
cultures. In contrast, none of the three patients with 
Diamond-Blackfan anemia and none of the five with undiag- 
nosed conditions reminiscent of FA exhibited hypersensi- 
tivity to MC; cells from them, from parents of FA patients, 
and from several normal laboratory personnel constituted 
approximately half of the metaphases (40.4% to 71 2%) of 
MC-containing co-cultures, as would be expected in the 
absence of hypersensitivity to MC. 

e 1987 by Grune & Stratton, Inc. 


tic of FA, chromosomal breakage and rearrangement were greatly 
accentuated by the addition of diepoxybutane (DEB) to the culture 
medium in the eight patients so tested.’ (Several of the samples of 
blood examined using the MC co-cultivation test were tested simul- 
taneously for DEB hypersensitivity, either in the laboratory of 
coauthor S.S. or in those of Drs R.S.K. Chaganti and A.D. 
Auerbach.) Three parents of FA patients also were examined by 
using the MC co-cultivation test (identified as FAhet-1 through 
FAhet-3). 

Three persons with Diamond-Blackfan anemia {congenital red 
cell aplasia)'! were tested (identified as DB- through DB-3). 
Thumb anomalies occur in a minority of persons with this rare 
condition, thus the need to distinguish it from FA as early as possible 
in view of the dire prognosis of FA. 

Five patients with undiagnosed disorders were tested (identified 
as Un-! through Un-S). In each case, certain clinical features had 
raised FA as a possible diagnosis. Evidence of increased chromosome 
instability had been reported in some (but not all) lymphocyte 
cultures from two of them, although the instability detected was 
never as extensive as that observed in FA. Four of the five undiagnos- 
able patients were tested for DEB sensitivity by A. Auerbach, and all 
four exhibited an unambiguous lack of hypersensitivity like that 
typically found in FA (personal communication, 1987). 

Finally, blood cells from five normal persons (identified as Ni-| 
through N1-5) were co-cultivated. 

MC co-cultivation test. The patient's heparinized whole blood 
(0.5 mL) was placed into each of two culture vessels containing 10 
mL of medium (Eagle’s minimum essential medium supplemented 
with 10% fetal bovine serum, 100 IU/mL penicillin, 100 we/mL 
streptomycin, and 1% phytohemagglutinin [PHA]). one of the two 
vessels also contained 25 ng/mL MC (ICN Pharmaceuticals, Inc, 
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Table 1. Clinical and Cytogenetic Features of 28 Persons 
Examined for Hypersensitivity to MC 
in the MC Co-cultivation Test 








Person Development Chromosome 
Tested Age Defects* Instability+ 
FA 
FA-1 19 yr BEDFGKMPS + (16) 
FA-2 6 yr BEGHIJKMPS + (29) 
FA-3 2y BG + (17) 
FA-4 9mo CGJKNS + (35) 
FA-5 7yr  BEGMOPRS + (36) 
FA-6 14yr BEGS + (15) 
FA-7 2yr  EGJPS + (10) 
FA-8 2mo BGJR + (12) 
FA-9 11yr BEGJMPS + (15) 
FA-10 <8wk B + (10) 
FA-11 21mo BGJKR + (9) 
FA-12 15 yr BEG + (15) 
Parents of FA 
FAhet-1 >25 yr O ~ (11) 
FAhet-2 >25 yr O — (8) 
FAhet-3 >25y O ~ {11) 
Diamond-Blackfan anemia 
DB-1 9yr BEQ ~ {7) 
DB-2 3mo BEI ~ (6) 
DB-3 Sty E — {2) 
Undiagnosed disorders 
Un-1 12yr EMP — {4) 
Un-2 Gy A - (5) 
Un-3 10 yr BGDJRS + (5; 14) 
Un-4 36 yr KLP - {2} 
Un-5 3wk BR — {6} 
Normal personst 
Ni-1 24y O 
NI-2 >40y O — 
NI-3 35y O = (1) 
Ni-4 27y O = {3) 
NI-5 24y O - 





Blank spaces represent lacking or inconclusive data. 

*A, familial cerebellar atrophy with ataxia (patient {I-4%): B, thumb 
anomaly; C, clone, 8% to 15% of circulating T lymphocytes with a 
translocation, t(4p~—;:3q+); D, mental ability low, average to mildly 
deficient; E, anemia or depressed erythropoeisis; F, myocardial infarction 
at the age of 21; G, growth deficiency: H, heart anomaly: |, possible 
depression in myelopoeisis; J, anomaly of structure other than limb, 
kidney, or heart; K, kidney or ureteral anomaly; L, familial anemia; M, 
depression in myelopoeisis; N, neoplasia (brain tumor); O, no abnormali- 
ties, healthy; P, depression in platelet production; Q, possible heart and 
possible kidney anomalies; R, radius absent or hypoplastic; S, skin 
hyperpigmentation. 

tin parentheses is shown the percentage of cells with at least one 
chromosomal aberration (gap, break, rearrangement) found during the 
analysis of 100 consecutive, well-spread, aceto-orcein-stained celis 
except the following: Un-3, 200 cells in first analysis; Un-5, 50 cells. 

Tests in which lymphocytes from two normal people were co- 
cultivated. In all persons above this point in the Table, lymphocytes from 
one normal person were co-cultivated with those from a patient or a 
patient's parent. 


Cleveland). The stock solution of MC (5 ug/mL) was prepared in 
Dulbecco's phosphate-bufferec saline (Mg** and Ca** free) and 
stored frozen after sterilization by passage through a Millex filter 
(0.22 um). An equal volume of blood from an opposite-sexed normal 
person also was added to each culture vessel, the object being to 
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co-cultivate approximately equal numbers of PHA-responsive male 
and female lymphocytes. (Leukocyte counts were not made because 
of the impossibility of estimating the number of PHA-responsive T 
lymphocytes.) To increase the chance of success of the testing, 
duplicate co-cultures sometimes were set up with the same or 
different normal controls. 

After five days’ incubation (37°C, 5% CO,), including a final hour 
in the presence of Colcemid (Ciba, Summitt, NJ) (6 ug/mL), the 
co-cultures were harvested. Metaphase preparations from the co- 
cultures were placed on slides and stained with quinacrine dihy- 
drochloride."? The slides were coded, and 100 metaphases from each 
co-culture were examined with the aid of a fluorescence microscope; 
each metaphase was scored for the presence or absence of a Y 
chromosome, The proportion of male (Y-positive) to female (Y- 
negative) metaphases in the MC-free co-culture, never exactly a lL: 
ratio and sometimes quite far from it, was “adjusted” to give that 
ratio so that estimation of the true proportion of dividing male and 
female cells in the MC-treated co-culture would be facilitated, (See 
Fig | for the adjustment formula, its derivation, and an example of 
its use.) Such adjustment, though not essential for evaluating the 
results cf an individual test, facilitates comparison of results from 
different tests; the data summarized in Table 3 and Fig 2 have been 
so adjusted. 

Occasionally, metaphases from either the patient or the normal 
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Fig 1. Diagram and formula illustrating adjustment of the 
proportien of the patient's metaphases to the opposite-sexed 
control’s metaphases in MC co-cultivation test. Derivation of the 
adjustment formula is as follows. Let M = number of FA meta- 
phases in untreated co-culture; m = total number of metaphases 
of both sexes in untreated co-culture: N = number of FA meta- 
phases im treated co-culture: and n = total number of metaphases 
of both sexes in treated co-culture. The proportion of FA meta- 
phases in the untreated and treated co-cultures will be a = M/m 
and Ê = N/n, respectively. (Ideally, m and n will each be 100.) The 
untreated co-culture is a control designed to give a background 
estimate of the relative proportion of the two types of cells under 
normal conditions. Because the control setdom will be found to 
have the expected 50:50 ratio of normal and FA metaphases, the 
treated ratios are adjusted according to the deviations from 50:50. 
To do this the following relationships are used: a/f = 0.5/Z, 
which gives Z = 0.58/a, and (1 — a)/(1 — B) = 0.5/W, which 
gives W = 0.5 (1 — 8)/(1 — a). The sum of Z + W will not 
necessarily be 1, so a further normalizing adjustment is made: 











0.58 

2 a 
“Z+W 058 0.511 ~ 8) 
a nTa 


Multiplying the numerator and denominator by a (1 — a) to clear 
the fractions and simplifying gives the adjustment formula: Z' = 
BUT — al/[BU1 -- a) + alt ~ BN. (2’ x 100 converts the propor- 
tion to a percentage.) As an example of the use of the adjustment 
formula, the data for FA-11 in Table 2 were handied as follows: a = 
72/100 = 0.72:1 — a = 0.28. 8 = 25/100 = 0.25; 1 — B = 0.75. 
Z‘ = 0.25(0.28)/{0.25(0.28) + 0.72(0.75)] = 0.115 (or 11.5%). 
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Table 2. Results of MC Co-cultivation Testing of the 28 
Individuals Listed in Table 1 





Adju: 
Metaphases Scored in usted 
a Percentage 
Co-culture : 
of Patient Hyper- 


Untreated MC-Treated Metaphases sensitivity 





Person Patient/ Patient/ in MC-Treated to 
Tested Control Control Co-culturest MCł 
FA 
FA-1 17/75 3/91 11.4 
bs 4/90 14,9 + 
42/54 3/89 4.1 + 
ta 54 3/92 3.9 + 
FA-2 9/91 1/69 12.8 
FA-3 90/ 8 5/95 0.6 
FA-4 77/23 3/97 0.9 + 
FA-5 32/68 1/99 2.1 + 
FA-6 62/38 9/91 5.7 + 
FA-7 60/40 13/87 9.1 + 
lene 16/85 14.0 + 
FA-8 40/60 2/98 3.0 + 
pe /49 3/97 2.9 + 
FA-9 67/33 16/84 8.6 + 
ae 19/81 5.5 + 
FA-10 78/22 29/71 10.3 + 
ae 32/68 16.5 + 
FA-11 72/28 25/75 11.5 + 
FA-12 20/80 1/93 3.9 + 
Parents of FA 
FAhet-1 55/45 42/19 64.4 — 
FAhat-2 34/66 31/69 46.6 ae 
FAhet-3 70/30 73/27 53.7 — 
Diamond-Blackfan anemia 
DB-1 79/21 77/23 65.6 ~ 
tes 78/22 51.4 - 
66/34 72/28 57.0 
Bre 70/30 48.8 - 
DB-2 21/79 49/52 78.0 - 
ee 29/52 §1.3 — 
DB-3 67/33 59/41 41.5 - 
ae 60/40 52.1 ~ 
Undiagnosed patients 
Un-1 43/57 60/40 66.5 — 
Ea 59/41 56.1 - 
Un-2 68/32 84/16 71.2 =- 
Un-3 34/66 31/69 46.6 ~ 
ne 33/67 57.1 - 
Un-4 19/81 7/93 24.3 
aas 12/88 45.6 
Un-5 77/23 88/12 68.6 — 
Normal persons 
NI-1 35/61 33/64 47.3 — 
NI-2 34/63 57/35 54.6 — 
NI-3 25/75 33/67 59.6 — 
NI-4 75/25 67/33 40.4 — 
NI-5 61/35 64/33 52.7 — 
63/34 35/57 45.4 — 





*in the test as performed in recent years a total of 100 metaphases 
are scored, the traversing of the slide being continued until that many 
cells are found that can be classified unambiguously with respect to the 
presence of a Y chromosome. Earlier, only 100 total metaphases were 
examined, ambiguous ones then being rejected ias, for example, when 
chromosomes overlap and obscure the fluorescence of individual chromo- 
somes), leaving the number of Y-positive and Y-negative cells something 
less than 100 (as will be seen in certain entries in the Table). When more 
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Fig 2. Graphic representation of the adjusted data summa- 


rized in Tables 2 and 3 demonstrating hypersensitivity of cells from 
persons with FA to MC and the tack of it in their parents, normal 
controls, and several patients with conditions in some way resem- 
bling FA. Each column represents the proportion of a tested 
person’s metaphases in an MC-treated co-culture. FA, bona fide 
Fanconi’s anemia patients: FAhet, parents of patients with FA; 
D-BA, patients with Diamond-Blackfan anemia; Und, patients with 
undiagnosed conditions in some respects resembling FA: NI. 
normal laboratory personnel. 


person were greatly underrepresented in the MC-free co-culture 
even though equal volumes of the two blood samples had been added 
to the culture flask. When cells from either of the partners comprised 
fewer than 20% of the metaphases in the MC-free co-culture, that 
particular test, considered to lack a suitable control, was arbitrarily 
invalidated. 


RESULTS 


When lymphocytes from normal persons were co-culti- 
vated with those from patients in whom the diagnosis of FA 
had been established beyond a reasonable doubt (patients 
FA-1 through FA-12 in Table 1), the presence of MC in the 
culture medium led to a drastic underrepresentation of 
mitotic FA cells. Unequivocal (ie, diagnostic) results were 
obtained in tests of ten of the 12 FA patients (Tables 2 and 3, 
Fig 2): 0.9% to 14.9% of the dividing lymphocytes in the 
MC-treated co-cultures were derived from the FA partner. 
Proliferation of cells from the other two FA patients, FA-2 
and FA-3, was also depressed severely in the presence of MC 
(Table 2), but the tests were considered invalid because of 
the relatively poor proliferation in the MC-free co-culture of 








than one set of data appear in the table for a given patient, the data in 
each were derived from a separate co-culture. A brace indicates that the 
co-cultures were duplicates, the patient co-cultivated with the same 
control. 

tThe adjusted figures in this column represent the percentages of 
metaphases from the subject being tested that would have been present 
in the MC-treated culture had the desired 50:50 ratio of 46,.X¥:46,XX 
cells been obtained in the untreated co-culture adjusted as in Fig 1. The 
actual numbers of Y-positive (male} and Y-negative (female) cells scored 
appear in columns 2 and 3. 

¢Blanks appear in this column in the case of invalid tests {see Materials 
and Methods}. A study arbitrarily is considered valid when cells of both of 
the partners in the co-culture lacking MC are represented by =» 20% of 
metaphases. In two of the FA patients (FA-2 and FA-3}, although MC 
hypersensitivity may well have been indicated by the test, there being. 
respectively, only 12.8% and 0.6% of their metaphases represented in 
the MC-containing co-cultures, their testing is viewed as invalid because 
in the MC-free co-cultures <20% of the metaphases were derived from 
the patient (only 9% for FA-2) or the control (only 8% for FA-3). 
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cells from the control person in one instance and the FA 
patient in the other (as explained in Materials and Methods 
and in a footnote to Table 2). Data obtained from the study 
of these bona fide FA patients suggest that the results of an 
MC co-cultivation test should be considered positive when 
the patient's cells comprise fewer than 15% of the meta- 
phases in the MC-treated co-culture. 

Lymphocytes from parents of patients with FA, presum- 
ably heterozygous carriers of an FA gene, exhibited no 
evidence of hypersensitivity to MC and comprised 46.6% to 
64.4% of the metaphases in MC-treated co-cultures (Tables 
2 and 3, Fig 2). 

Lymphocytes from patients DB-1, DB-2, and DB-3 exhib- 
ited no hypersensitivity to MC in the test: they comprised 
46.8% to 64.6% of the metaphases in MC-treated co-cultures 
(Tables 2 and 3, Fig 2). These children are anemic, and two 
of the three have abnormal thumbs. They manifest no 
chromosome instability and clinically are considered to have 
Diamond-Blackfan anemia rather than FA (Table 1). 

Each of the patients identified as Un-1 through Un-5 was 
and remains a diagnostic problem (Table 1). On clinical 
grounds FA seems an unacceptable diagnosis in any one of 
them, even though it was considered as a possibility in their 
differential diagnoses. Lymphocytes from those undiagnosed 
patients in whom valid test results were obtained exhibited 
no hypersensitivity to MC as determined by the co-cultiva- 
tion test: they comprised 51.8% to 71.2% of the metaphases 
in MC-treated co-cultures (Tables 2 and 3, Fig 2). Patient 
Un-S is an infant born lacking both thumbs and one radius, 
but otherwise she is healthy: although her anomalies are 
unexplained, she, in contrast to FA-10 who has similar 
anomalies, is considered not to have FA on the basis of the 
demonstration of normosensitivity to MC (and in testing 
elsewhere to DEB). 

Lymphocytes from five normal persons were co-cultivated 
in various combinations, and in no instance did normal cells 
exhibit hypersensitivity to MC (Tables 2 and 3, Fig 2). (In 
addition to the testing described in this report, valid tests 
have been made in three patients with Bloom's syndrome and 
one with dyskeratosis congenita, none of whom exhibited 
hypersensitivity to MC.) 


DISCUSSION 


The results presented here demonstrate that MC co- 
cultivation is a useful too! for the differential diagnosis of 
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FA. Several laboratories besides ours have occasion to test 
for FA on a regular basis. Each laboratory has its own test 
system for determining whether the diagnosis of FA is to be 
made. The laboratories of M.S. Sasaki in Kyoto (personal 
communication, 1986) and of J. Cervenka in Minneapolis” 
test for excessive chromosome breakage in the patient's cells 
after exposure to MC. Those of T.M. Schroeder in Heidel- 
berg,'’ R. Berger in Paris,” and A. Auerbach in New York? 
test for excessive chromosome breakage after treatment of 
the cells with other chromosome-damaging chemicals such 
as isonicotinic acid hydrazide (INH), nitrogen mustard, and 
DEB. The laboratory of S.A. Latt in Boston uses a test based 
on MC-induced changes in DNA histograms derived by 
fluorescence flow cytometry, the MC treatment causing an 
excessive accumulation of FA cells in the late S or G, phase 
of the cell cycle. That of H. Hoehm in Würzburg also uses 
flow cytometry, but to demonstrate excessive arrest in G, of 
PHA-stimulated lymphocytes even when not treated with 
MC." Results from these laboratories as well as our own 
indicate that, in experienced hands, each of the tests is useful 
and accurate in the identification of persons with FA. 
However, the clinical diagnostic laboratory that will be 
called upon only occasionally to assist in diagnosing FA will 
find that the MC co-cultivation test described here has the 
advantages of requiring neither personal knowledge on the 
part of the microscopist cf the morphological effects on 
metaphase chromosomes of MC, INH, nitrogen mustard, or 
DEB nor access to a flow cytometer. With this test, any 
cytogenetics laboratory experienced in classifying meta- 
phases as to sex chromosome constitution—here we use 
fluorescence microscopy to score for the presence or absence 
of the distinctively brightly fluorescent Y chromosome—can 
make a straightforward examination of 100 metaphases in 
the MC-treated co-culture directly through the microscope 
and ina short time arrive at a conclusion as to the presence or 
absence in the patient of hypersensitivity to MC. provided 
only that adequate numbers of lymphocytes from both the 
patient and the control divide in the MC-free co-culture. 

It is possible that genetic disorders other than FA will be 
recognized in the future that feature hypersensitivity to MC. 
Conceivably, some people in the general population will be 
detected who are hypersensitive to MC. Therefore, the 
demonstration of hypersensitivity to MC in the absence of 
clinical features of FA in patients or in one of their siblings 
cannot be said to diagnose FA. Nevertheless, the simple and 
reliable test for hypersensitivity to MC described here is very 


Table 3. Summary of Results of MC Co-cultivation Testing of the 28 Individuals Studied 





Percentage of Test Cells in MC- 








Persons With Persons With Treated Co-cultre® enana] 
Clinical Condition No. of Persons Tested Valid Tests Invalid Tests Range {%) Mean (%) No. Valid Tests 
FA 12 10 2 0.9-14.9 7.0 10/10 
Parents of FA 3 3 0 46.6-64.4 54.9 0/3 
Diamond-Blackfan anemia 3 3 0 46.8-64.6 55.6 0/3 
Undiagnosed patients 5 4 1 51.8-71.2 63.2 0/4 
Normal persons 5 5 0 40.4-59.6 50.0 0/5 





*When valid duplicate test results were available (see footnote, Table 2), the averages were used here and in Fig 2. 
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useful in the evaluation of persons suspected on clinical 
grounds of having this rare genetic disorder. Furthermore, 
the use of this or some other procedure for examining 
sensitivity to MC in patients with unexplained anemias, 
granulocytopenias, thrombocytopenias, and anomalies of the 
thumb and radius should hasten a definition of the entire 
clinical spectrum of FA. If the clinical features presented by 
the patient are either suggestive of or compatible with FA 
and the results of the MC co-cultivation test are positive, 
then the diagnosis of FA can be made with confidence. 
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A Randomized Prospective Comparison of Chemotherapy to Total Body 
Irradiation as Initial Treatment for the Indolent Lymphoproliferative Diseases 


By Peter Jacobs and Helen S. King 


One hundred eight consecutive patients with indolent 
lymphoproliferative diseases were stratified into chronic 
lymphocytic leukemia (CLL), stage Ilt and IV well-differen- 
tiated lymphocytic lymphoma (WDLL), and stage lil and IV 
follicular lymphoma (FL). Within each stratum, patients 
were prospectively and randomly assigned to receive 
chemotherapy with chlorambucil and prednisone (CP) or 
fractionated total body irradiation (TBI). Morbidity from 
both regimens was negligible. Complete response (CR) was 
defined as the resolution of organ enlargement and the 
return of blood count to normal. The CR rate for the entire 
CP group (n = 54) was 59% and that for the TBI group 
(n = 54), 52%; median survivals were 53 and 57 months 
respectively. In the 41 patients with CLL the CR rate for CP 


HE INDOLENT B iymphoproliferative diseases are 
conventionally classified on the basis of clinical and 
hematologic features into chronic lymphocytic leukemia and 
the low-grade non-Hodgkin’s lymphomas. However, immu- 
nologic evidence favors their inclusion within a single spec- 
trum in which differing presentations are explicable on the 
point at which B cell maturation is disturbed.! Accordingly, 
all individuals with such neoplasms can reasonably be 
included in studies to evaluate response to therapy, although 
Stratification into their separate morphological entities is 
appropriate. 

Where treatment is considered necessary, experience 
accumulated in the last 20 years with chlorambucil and 
prednisone(CP)?? provides a standard against which alterna- 
tive options can realistically be compared. Initial response 
rates are generally over 50%, and there appears to be merit in 
using pulsed as opposed to continuous therapy in attempts to 
protect hematopoietic reserve, but the emergence of drug 
resistance and the development of side effects due to the 
alkylating agents and prednisone are acknowledged hazards. 
An alternative treatment is total body irradiation (TBI), 
which prolongs survival, returns performance status to nor- 
mal, and may be associated with recovery of immunoglobulin 
levels. 
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{n = 17) was 47% and that for TBI (n = 24), 50%: the 
median survival for CP was 48 months, and for TBI it was 
51 months. In the 21 patients with WDLL the CR rate for 
CP (n = 15) was 53% and that for TBI (n = 6), 67%: the 
median survival for CP was 42 months and has not yet been 
reached for TBI. For the 46 patients with FL the CR rate for 
CP (n = 22) was 72% and that for TBI {n = 24), 50%: the 
median survival was 55 months, and for TBI it was 56 
months. None of the differences in CR or survival are 
Statistically significant (P > .05). In these indolent lympho- 
proliferative diseases, CP and TBI are equally effective 
forms of initial treatment irrespective of the end point 
being defined as CR or survival. 

® 1987 by Grune & Stratton, Inc. 


Neither chemotherapy nor radiotherapy is entirely benign, 
and both may be associated with morbidity and mortality. 
However, these two treatment options have been compared in 
chronic lymphocytic leukemia (CLL) and favorable-histol- 
ogy non-Hodgkin's lymphoma. Although differences 
occurred between the two forms of treatment, the median 
duration of survival was comparable. 

To farther characterize response rate and survival, a 
prospective randomized trial was undertaken to compare CP 
with TBI in a consecutive series of previously untreated 
patients with low-grade lymphoproliferative diseases. In this 
study the opportunity existed to examine potentially relevant 
prognostic factors including nutritional status, late presenta- 
tion, and ethnic differences. 


PATIENTS AND METHODS 


Stratipcation. One hundred eight consecutive adults with 
chronic lymphoproliferative disease were stratified into CLL 
(n = 41). stage HI or IV well-differentiated lymphocytic lymphoma 
(WDLL) (n = 21), and stage IH or IV follicular lymphoma, includ- 
ing all ceil types (FL) (n = 46). 

Staging. All patients had a detailed clinical assessment by 
history and physical examination followed by chest x-ray. Estab- 
lished and standardized methods were used for biochemical profile 
and peripheral blood examination, bone marrow aspiration, and 
trephine biopsy.”* Anemia and thrombocytopenia were evaluated by 
appropriate additional studies, including the Coombs’ test and the 
platelet membrane~associated immunogiobulin test. Nutritional sta- 
tus was assessed by total protein and albumin levels, iron profile, 
serum and red cell folate and vitamin By, levels. Wherever superfi- 
cial lymph nodes were palpable, these were removed for morpho- 
logic, histopathologic, and cell membrane surface marker studies. 

Patients with CLL were staged according to the classification of 
Rai et al’ and those with lymphocytic lymphoma according to the 
Ann Arbor modification of the Rye recommendation.’ 

Trial design. The patients were prospectively entered in a 
protocol study approved by institution review boards, and participa- 
tion required informed consent. After confirmation of diagnosis, 
individuais were randomly assigned to receive CP or TBI. 

Complete response (CR) was defined as the disappearance of all 
clinically evident disease, with normal hemoglobin, white cell, and 
platelet counts. Persisting peripheral blood lymphocytosis up to 50% 
and 25% residual lymphocytes in the marrow were acceptable within 
this definition. The term complete remission, as used in some 
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publications, was not considered appropriate, since immunologic 
evidence for eradication of the abnormal clone was not obtained. 

Chlorambucil therapy was started at an oral dose of between 0.15 
and 0.20 mg/kg (usually 12 mg orally each day) and given to 
hematologic tolerance defined as a platelet count of 100 x 10°/L and 
a granulocyte count of 2 x 10°/L. For the first month, prednisone 
was given orally at a dose of 0.5 mg/kg, and then treatment was 
discontinued. 

The TBI was given with a cobalt 60 unit at a rate of 13 to 17 
cGy/min ona fractionated schedule of 15 cGy twice a week toa total 
of 150 cGy. Further treatment was discontinued if the platelet count 
fell below 100 x 10°/L or granulocytes below 2 x 10°/L. 

Patients on the chemotherapy arm who achieved CR continued 
daily chlorambucil treatment at the lowest dose required to prevent 
disease relapse. Those who failed to meet the criteria for CR or who 
relapsed were removed from the chemotherapy arm and were treated 
with TBI. Patients relapsing from radiotherapy were offered a 
second course of TBI, after which they crossed over to CP. 

All patients were eligible to receive supportive treatment, which 
included intensive management with antibiotics for infection, plate- 
let or red cell transfusion, and in selected individuals, splenectomy 
for control of pancytopenia. Immune thrombocytopenia or hemolysis 
was treated with additional courses of prednisone, and in refractory 
cases, by splenectomy. 

Statistics. Response rates were compared for statistical signifi- 
cance by using Yates’ correction of the chi-square test. Survival 
curves were drawn by the Kaplan-Meier life table method and 
compared by using the log rank test.” 


RESULTS 


Patients. The age, sex, and ethnic distribution of the 
patients in the three groups is shown in Table 1. The ratio of 
white patients to those of mixed blood ancestry’? and of black 
descent approximates the referral pattern to both the hospi- 
tal in general and the hematology clinic more specifically. 

Nutritional status and initial biochemistry. There was 
no significant difference in total protein, albumin, iron 


Table 1. Age, Sex, and Ethnic Distribution 





Disease Classification 








Patient CLL WODLL FL 
Age 
Median (yr) 58 60 51 
Range (yr) 42-80 44-73 30-70 
Sex, male:female 
Total Group 29:12 12:9 24:22 
White 20:7 7:5 15:16 
Mixed blood ancestry 7:5 4:4 8:6 
Black 2:0 1:0 1:0 
Ethnic distribution 
White 27 12 31 
Median age (yr) 61 51 59 
Range (yr) 43-76 44-72 30-70 
Mixed blood ancestry 12 8 14 
Median age {yr} 56 56 59 
Range (yr) 42-77 44-73 45-64 
Black 2 1 1 
Median age lyr) 68 55 43 
Range (yr) 67-80 
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Table 2. Presenting Hematologic Features 





Disease Classification 








Laboratory cL WOLL FLL 
Measurements in = 41) in = 21) in = 46) 

Hemoglobin (g/dL) 

Median 13.4 42.7 13.7 

Range 5.1-17.2 6.9-16.6 7.4-18.1 
Total white cell 

count (x 10°/L) 

Median 34.8 9.3 6.4 

Range 5.9-41.6 4.2-25.4 3.0-31.4 
Platelet count 

(x 10°/L) 

Median 200 242 262 

Range 104-387 105-567 109-587? 


Apart from the total white cell count and the percentage of peripheral 





blood lymphocytes there are no significant differences in hematology at 
presentation between the three disease groups. 


folate, or vitamin B, levels or in the median values for uric 
acid, urate, creatinine, bilirubin, lactic dehydrogenase, calci- 
um, or phosphorus between patients in either treatment arm 
of the three disease subgroups or when those of different 
ethnic origins are compared. 

Presenting hematology. Median pretreatment values 
and range are presented in Table 2. 

Clinical staging. The clinical stages of patients in each 
stratum are presented in Table 3. 

Toxicity. Neither the CP nor the fractionated TBI was 
associated with mortality, and the morbidity from both 
regimens was negligible. No cases of acute leukemia have 
occurred. 

Comparison of CP with TBI. When the patients from 
the three groups are pooled, the CR rate for those receiving 
CP (n = 54) was 59%, and that for the TBI group (n = 54) 
was 52%: median survivals were 53 and 57 months, respec- 
tively. The overall survival is not significantly different (P > 
.05). 

CLL {n = 41}. Immunologic marker studies were avail- 
able on 88% of the patients. Characteristically, rosette 
formation with mouse erythrocytes was present. With the 
exception of two patients, all expressed a B lymphocyte 
phenotype; in two, marking was indistinct, but no patients 
had demonstrable T lymphocyte cell membrane surface 
markers. Two patients expressed IgG x, one IgM A, and the 
remainder, IgM x. 


Table 3. Clinical Staging of Patients 











Stage 

Disease o l il til iv 
CLL 4 15 14 4 4 
(n = 41) 

WODLL 0 0 0 3 18 
{in = 21) 

FL 0 0 0 14 32 
{n = 46) 





The ethnic distribution of patients in this study approximates the 
referral pattern to both Groote Schuur Hospital and more specifically to 
the Haematology Clinic. 


CLL was staged according to the recommendations of Rai et ale and 
WODLL and FL, according to the Ann Arbor modification of the Rye 
recommendation. 10 
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Table 4. Response to Therapy 





Disease Classification 








CLL WDLL FL 
(n= 41) (n = 21) in = 46) 
CP group (n) 17 15 22 
CR 8 (47%) 8 (53%) 16 (72%) 
Median duration (mo) 23 33 26 
CCR 4 3 6 
Relapsed 4 5 10 
Interval (mo) 13-29 19-66 4-38 
Failed 9 7 6 
TBI group {n} 24 6 24 
CR 12 (50%) 4 (67%) 12 (50%) 
Median duration (mo) 21 14 6 
CCR 6 0 1 
Relapsed 6 4 11 
interval (mo) 5-60 9-26 4-36 
Failed 12 2 12 





The CR rates are given in absolute numbers and percentages. These 
data are further analyzed to show CCR and the numbers of patients who 
have relapsed. 


The response to therapy is summarized in Table 4. The 
median survival for the CP group (n = 17) was 48 months 
and for the TBI group (n = 24), 51 months. The survival 
curves for these two forms of therapy are not significantly 
different (P > .05) (Fig 1). 

WDLL (n= 21). Immunologic marker studies showed 
only B lymphocyte phenotypes. 

The response to therapy is summarized in Table 4. The 
median survival for the CP group (n = 15) was 42 months, 
and that for the TBI group {n = 6) has not yet been reached. 
The survival curves for these two forms of therapy are not 
significantly different (P > .05) (Fig 2). 

FL (n = 46}. Immunologic marker studies showed only 
B lymphocyte phenotypes. 

The response to therapy is summarized in Table 4, The 
median survival for the CP group (n = 22) was 55 months, 
and that for the TBI group (n = 24) was 56 months. The 
survival curves for these two forms of therapy are not 
significantly different (P > .05) (Fig 3). 

Miscellaneous. Immunologic marker studies within 
each of the three strata showed no phenotypic difference 
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Fig 1. Survival curves for patients with CLL. In the CP group 
the median survival has not yet been reached, and in the TBI group 
it is 50 months; these differences are not statistically significant 
(P > 05). 
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the median duration is 44 months, and in the TBI group survival 
has not yet been reached: these differences are not statistically 
significant (P > .05). 


between the CP and TBI patients or the racial groups 
studied. In none of the analyses was there any correlation 
between the pattern of bone marrow involvement or response 
to either form of therapy. 

Morphological concordance between lymph node biopsy 
and bone marrow cytology was not possible in patients with 
CLL and WDLL due to the paucity of material. However, in 
patients with FL, sufficient material was available to com- 
pare lymph node histopathologic features with marrow cytol- 
ogy. Analysis of 32 of 46 patients showed a concordance in 21 
but a discordance in 11 where mixed large and small cells 
were present in the node, but only small cleaved cells were 
demonstrable in the marrow; this pattern was comparable 
between the CP and TBI groups. 


DISCUSSION 


In this randomized and prospective clinical trial, chemo- 
therapy with CP gave comparable results to TBI in the 
response rate and survival for patients with the indolent 
lymphoproliferative diseases defined to include CLL, 
WDLL, and FL. Neither form of therapy was associated 
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statistically significant (P > .05). 
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with any unacceptable degree of patient morbidity, no 
patient died from either CP or TBI, and to date no cases of 
acute leukemia have occurred. 

When CP and TBI are contrasted in the context of the 
chronic lymphoproliferative disorders, radiotherapy emerges 
with two apparent attractions. First, there is generally 
prompt and often dramatic resolution of enlarged organs, 
notably the superficial lymph glands: although this was not 
reflected in better survival than with the use of CP, patients 
found this reassuring. Second, in those individuals who travel 
long distances to be treated or where compliance was unpre- 
dictable, TBI provided an effective form of therapy, equiva- 
lent to conventional CP but without the need for frequent 
follow-ups to monitor blood counts or concern about failure 
to take medication. 

One additional point became clear from this study. 
Although TBI is an excellent form of initial therapy for 
patients with CLL and low-bulk lymphoma, the response was 
less satisfactory in those with large volumes of tumor, which 
in our experience was restricted to FL. Thus, in this latter 
subgroup of patients, residual tumor masses remained pres- 
ent in five of the 24 and required additional local radiother- 
apy for disease control, which resulted in troublesome pancy- 
topenia, with four patients becoming transfusion dependent 
and one developing thrombocytopenia. With the exception of 
this specific patient population, myelotoxicity has been no 
more of a problem with TBI than CP and therefore differs 
from some of the other radiotherapy results reported.’ >+ 

Further analysis of the data from this study is conveniently 
based on the stratification into the three clinically distinct 
entities. 

CLL was classified on the basis of the original staging of 
Rai et al,’ and although this latter approach is recognized to 
have some deficiencies," there were also no statistically 
significant differences between CP and TBI when using the 
recommendations of the international workshop. Further- 
more, although the pattern of bone marrow involvement is 
said to be of prognostic significance" there was no clear-cut 
relationship demonstrable with clinical stage or response to 
therapy. 

WDLL accounts for only 5% of indolent lymphomas and, 
like CLL, frequently has bone marrow involvement, "7 but 
also expresses immunologic and phenotypic differences.'* 
Not surprisingly, therefore, CP was therapeutically equiva- 
lent to TBI, as previously reported,* although long-term 
hematologic depression was not more commonly encountered 
in our patients receiving TBI. We also observed that the 
period of treatment required to achieve a response was 
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shorter with TBI, and although late relapses occurred with 
both forms of therapy, the median survival was equivalent 
and protracted. The uneven randomization requires com- 
ment and is accounted for by four patients. In each of these it 
was necessary to use chemotherapy after they were random- 
ized, since three found the positioning for the radiotherapy 
uncomfortable and in the fourth the isolation of the treat- 
ment room proved insurmountable. 

The FLs, with the exception of the nodular histiocytic 
(large cell) variant, are generally reported to have a favor: 
able prognosis despite advanced disease at presentation.” 
Although we were aware of the heterogenity of these 
tumors,” examination of our patient material using both the 
scheme of Rappaport et al’ and the National Cancer 
Institute’s working formulation” showed no difference for 
the patient groups receiving CP or TBI, these findings are 
consistent with previously reported results.° It is, however, 
noteworthy that in a small subgroup of our patients with FL 
having high-bulk disease, additional radiotherapy was 
needed to control residual tumor masses and resulted in 
protracted pancytopenia. With the exception of this special 
circumstance, the myelosuppressive effects of conventional 
CP and TBI were comparable. 

It is concluded that patients with indolent lymphoprolifer- 
ative diseases who share a common B cell phenotype will 
have comparable response rates and survival when treated 
with conventional CP and TBI. Furthermore, this equivalent 
outcome remains evident after stratification into CLL, 
WDLL, and FL. It is noteworthy that TBI, although confer- 
ring no survival advantage, resulted in a more-rapid resolu- 
tion of organ enlargement and generally less need for close 
patient follow-up. Myelotoxicity was no greater with TBI, 
although patients with high-bulk FL often required addi- 
tional radiotherapy for disease control, and these circum- 
stances compromised hematopoietic tolerance for subsequent 
chemotherapy due to the development of pancytopenia. This 
latter subgroup of patients might reasonably be considered 
for alternative forms of initial therapy, perhaps pulses of 
high-dose alkylating agents or different schedules of sys- 
temic radiotherapy. 
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Differences in Cell Cycle Characteristics Among Patients With Acute 
Nonlymphocytic Leukemia 


By Azra Raza, Yogesh Maheshwari, and Harvey D. Preisler 


The proliferative characteristics of myeloid leukemias 
were defined in vivo after intravenous infusions of bromo- 
deoxyuridine (BrdU) in 40 patients. The percentage of 
S-phase cells obtained from the biopsies (mean, 20%) were 
significantly higher (P = .00003) than those determined 
from the bone marrow (BM) aspirates (mean, 9%). The 
post-BrdU infusion BM aspirates from 40 patients were 
incubated with tritiated thymidine in vitro. These double- 
labeled slides were utilized to determine the duration of 
S-phase {T,) in myeloblasts and their total cell cycle time 
(T,). The T, varied from four to 49 hours (mean, 19 hours; 
median, 17 hours). Similarly, there were wide variations in 
T, of individual patients ranging from 16 to 292 hours 


EFINING THE PROLIFERATIVE characteristics of 
malignant cells is a fundamental necessity if one is to 
understand the natural history of a neoplasm. The leukemias 
provide an excellent model system for such studies. However, 
attempts to relate cell cycle characteristics in acute nonlym- 
phocytic leukemia (ANLL) to both the course of the disease 
as well as the response to therapy have yielded conflicting 
results.16 This lack of correlation is surprising, since intui- 
tively one would expect that proliferation would be an 
important determinant of response. 

Several potential sources of such inconsistencies are read- 
ily identifiable. First, labeling index (LI) studies measuring 
the percentage of S-phase cells were performed on bone 
marrow (BM) aspirates in vitro that might yield inaccurate 
results due to a variable hemodilution of the sample.7s 
Second, the determination of the durations of S-phase (T,) 
and total cell cycle time (T,) is available on a very small 
number of patients, the majority of whom had brief life 
expectancies, so that correlations with the course of the 
disease could not be sought satisfactorily.s1o Most impor- 
tantly, however, were the problems that existed in the 
methodology available for such studies. Reviewing these 
concerns, Perry concluded in 19761: that since “the present 
approaches are either too slow or impractical, new tech- 
niques are needed to assess cell cycle times, growth fraction 
and other important parameters.” 

We have utilized a new approach by combining immuno- 
fluorescence and autoradiography to determine the cell cycle 
characteristics on 40 leukemic patients.21 This paper 
describes the relationship of these parameters to the clinical 
course and the response to therapy in patients with ANLL. 


MATERIALS AND METHODS 


A total of 40 patients received bromodeoxyuridine (BrdU) infu- 
sions: 37 had a diagnosis of ANLL, and the others were in blastic 
crisis of chronic myeloid leukemia (CML). The BrdU protocol was 
reviewed and approved by the Roswell Park Memorial Institute's 
Clinical Investigation Committee as well as the National Cancer 
Institute (NCI) and the Federal Drug Administration. The BrdU 
used in this study was supplied by the NCI. Informed consent as per 
guidelines required by the NCI and FDA was obtained from every 
patient prior to the administration of BrdU. The methods used in 
these studies will be described separately in the following sections. 
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(mean, 93 hours; median, 76 hours). There was no relation- 
ship between T, and the percentage of S-phase cells, but 
there was a good correlation between T, and T, ir = 8}. 
Patients with relapsed acute nonlymphocytic leukemia 
(ANLL) appeared to have a longer T, and T, than those 
studied at initial diagnosis. A subgroup of patients at either 
extreme of T, were identified who demonstrated clinically 
documented resistance in response to multiple courses of 
chemotherapy. We conclude that T, and T, provide addi- 
tional biologic information that may be valuable in under- 
standing the variations observed in the natural history of 
ANLL. 

e 1987 by Grune & Stratton, inc. 


Estimation of the percentage of S-phase cells. After the diag- 
nosis was established. BrdU was administered at a dose of 200 
mg/m? in 100 mL of 0.9% normal saline. The BrdU was infused 
intravenously over a period of two hours by using a constant-rate 
infusion pump in the first 20 patients. The remaining patients 
received BrdU at 100 mg/m? intravenously over a period of one 
hour. The reason for a decrease in the BrdU dose as well as the 
infusion time was to infuse the least possible amount of a potential 
mutagen to patients without jeopardizing results. After the infusion, 
peripheral blood (PB). BM aspirates, and biopsy samples were 
obtained from each patient. All samples were handled on ice. Five 
milliliters of BM was aspirated into a plastic syringe containing 2 
mL of 6% sodium citrate. The specimen was layered on Ficoll- 
Hypaque (Pharmacia Fine Chemicals, Piscataway, NJ) (specific 
gravity, 1.077) and centrifuged in a refrigerated centrifuge at 1200 g 
for 30 minutes. The light-density cells were recovered, washed in 
RPMI 1640 cell culture medium, and resuspended at a concenira- 
tion of | x 10’ cells/mL in RPMI 1640 and 10% fetal calf serum 
(FCS). All washes were conducted in refrigerated centrifuges, and 
extreme care was taken to always handle specimens in ice. The 
samples were then processed by the monoclonal anti-BrdU antibody 
(RPMB Í) as described before.iss 

The biopsy samples obtained at the end of BrdU infusion were 
fixed in Bouin’s solution (picric acid, formalin, acetic acid, and 
water) and processed in plastic by using glycol methacrylate as 
previously described. Two-micrometer-thick sections of the long- 
core biopsy samples were obtained by using a tungsten carbide- 
edged microtome and placed on Alcian blue~coated coverslips. 
Air-dried sections were then processed by the RPMB technique as 
described before. After processing, the coverslips were counter- 
stained with hematoxylin and May-Griinwald. At least 2,000 cells 
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were counted from each biopsy section from at least five different 
fields by a single observer. A cell was counted as positively labeled if 
it showed any brown staining overlying the nucleus. Control samples 
were treated with only the primary or only the secondary antibody or 
just 3-amino-9-ethylcarbazole (AEC). There was no positive label- 
ing detected in any of the control samples. 

Determination of T, T, was determined in 40 leukemic patients 
as follows. The post-BrdU infusion BM aspirate was processed in 
Ficoll-Hypaque as described before. Cells at a concentration of 1 x 
10’/mL were resuspended in RPMI 1640 and 10% FCS. One 
hundred microliters of [methyl--H]-thymidine (stock solution, 20 
uCi/mL; specific activity, 60 Ci/mmol; Amersham Corp, Arlington 
Heights, IL) was added to | mL of the cell suspension along with 10 
ul of 10°¢ mol/L fluorodeoxyuridine (FUdR) and incubated for one 
hour at 37°C in 5% CO). After the incubations were completed, cells 
were washed thrice in cold thymidine and once in phosphate- 
buffered saline. Three drops of this suspension were placed on Alcian 
blue-coated coverslips and fixed in 70% ethanol for ten minutes. 
These coverslips were first processed by the RPMB technique 
described before and then coated with Nuclear Track Emulsion 
(NTB; Eastman Kodak, Rochester, NY) and exposed in the dark 
for 48 hours at — 70°C. Kodak D19 developer was used to develop 
the samples, and after the samples were fixed, the coverslips were 
mounted onto glass slides with Elvanol 51-50 (Dupont) and exam- 
ined under a fluorescence microscope. At least 2,000 positively 
labeled cells were counted per slide by a single observer. A cell was 
considered positively labeled for BrdU incorporation if there was any 
fluorescence detected over its nucleus and positive for 7H-thymidine 
CHTdr) incorporation if at least five or more silver grains were 
detected on its nuclear surface. The cells considered positive for 
double labeling demonstrated both fluorescence and silver grains 
over their nuclei.17,18 T, was then calculated by the following formula 
as described by Wimber and Quastleris: T, = (DL + °HTdr) x 
t/BrdU, where DL is the number of cells demonstrating double 
labeling, *HTdr is the number of cells only showing “HTdr incorpo- 
ration, BrdU is the number of cells revealing only BrdU incorpora- 
tion, and t is the time interval between the two labels. The interval t 
in patients who received a two-hour BrdU infusion was taken as two 
hours, and for individuals who received a one-hour infusion of BrdU, 
it was one hour. The reason we were able to keep this interval 
constant was because of the extreme care we exercised in obtaining 
the samples immediately at the end of the BrdU infusion and 
subsequently handling all samples on ice. Even cell washes were 
conducted in refrigerated centrifuges so that all metabolic activity in 
the cells remained arrested until the start of incubation with the 
second label CVHTdr) at 37°C. 

Determination of T. Once the values for T, and the percentage 
of S-phase cells obtained from the BM biopsy samples were avail- 
able, the length of T, was determined by using the formula described 
before20 as follows: 


T, = T, x GF/LI, 


where GF is the growth fraction and LI is the percentage of S-phase 
cells as obtained from the biopsy samples. Since we were calculating 
the cycling times of only those cells that were actively in cycle, the 
GF was assumed to be 100% in each case. 

Clinical data. Prior to administering the BrdU infusion, a 
diagnosis of acute leukemia was established in every case. Of the 40 
cases being reported in this paper, 37 had ANLL with a French- 
American-British (FAB) staging of Mi through M7, and three 
patients had blastic crisis of CML. Twenty-six patients had newly 
diagnosed ANLL, and 11 patients were studied at the time of relapse 
of ANLL. Of the 26 newly diagnosed ANLL patients, 24 received 
remission induction therapy, whereas two patients refused chemo- 


RAZA, MAHESHWARI, AND PREISLER 


therapy and only received supportive care and/or | g hydroxyurea 
orally everyday until the time of death. Twelve patients received 
remission induction therapy with cytosine arabinoside (araC) at 100 
mg/m?/d by continuous intravenous infusion and adriamycin at 30 
mg/m?/d intravenously for seven (7 + 3) or ten (10 + 3) days plus 
three days respectively. Twelve patients received high-dose araC at 
3.0 g/m’/d by intravenous infusion over a period of 75 minutes every 
12 hours for six days (HDaraC), and one patient also received three 
days of daunorubicin (DNR) at 45 mg/m?/d intravenously for the 
last three days after HDaraC therapy (HDaraC + DNR). Of the 24 
newly diagnosed ANLL patients who received the remission induc- 
tion therapy described earlier, eight entered complete remission 
(CR), HI had resistant disease (RD), and five patients died during 
induction (“other” failures). The treatment failures were classified 
according to our previously described classification system, which 
provides for recognizing those individuals who failed therapy 
because of persistent leukemia (RD) v patients who died during 
induction therapy or during the hypoplastic phase induced by 
chemotherapy (“others”).21 CR was defined according to the Cancer 
and Leukemia Group B (CALGB) criteria described before.x 

All of the 11 ANLL patients studied at the time of relapse 
received remission induction therapy. Seven were treated with 
HDaraC, and four received mitoxantrone, 12 mg/m’/d, intrave- 
nously for five days. Two of these latter patients also received 
S-azacytidine at 100 mg/m’/24 hr by continuous intravenous infu- 
sion for three days after five days of mitoxantrone therapy. Four 
patients achieved CR (3/7 CRs in the HDaraC-treated group and 
1/4 CR in the mitoxantrone-treated group), five had RD (2/7 in the 
HDaraC-treated group and 3/4 in the mitoxantrone-treated group), 
and two patients treated with HDaraC died during induction or were 
“other” failures. 

Control samples. Samples of PB. BM aspirates, and biopsies 
were obtained from all 40 patients immediately at the end of the 
BrdU infusion. All samples were placed on ice and transported to the 
laboratory in the same building. Subsequent cell separation proce- 
dures as well as cell washes were conducted in refrigerated centri- 
fuges with cold media. Since minor delays ranging from a few 
minutes to an hour could in theory eccur, we performed the double 
labeling of samples kept on ice at various times. Immediate post- 
BrdU infusion BM samples were incubated with *HTdr, and the cell 
kinetic data thus obtained were compared with data obtained from 
the same specimen that was placed on ice for 15, 30, 60, and 120 
minutes and then incubated with *HTdr. Results indicate that no 
differences were noted for delays of up to two hours as long as the 
samples were kept on ice. Long delays, however, never occurred in 
our experience because the protoco! was very strictly follewed, all 
specimens being incubated with *HTdr within 30 minutes. 

Statistical methods. Analysis was performed by using the ter- 
minal analysis package, a set of interactive computer programs. A 
two-tailed z test was performed to compare the means of the 
percentage of cells in S-phase from the bone marrow aspirates and 
the BM biopsy samples. Similarly, a two-tailed 1 test as well as 
Mann-Whitney and Spearman correlations were performed to com- 
pare the T,, Ta, LI from BM aspirates, LI from BM biopsy samples v 
other clinical or biologic parameters such as the FAB type, height of 
the WBC count at presentation, cytogenetics, and so on. 


RESULTS 


Estimation of S-phase cells in vivo. Figure | shows an 
RPMB-processed BM aspirate sample after BrdU infusion 
in a patient. The use of immunoperoxidase-conjugated sec- 
ondary antibody and counterstaining permits evaluation of 
the morphology of the S-phase cells. Using these slides, we 
were able to assess the percentage of S-phase cells from 
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Fig 1. A BM aspirate from a patient with ANLL after a BrdU 
infusion. The use of immunoperoxidase-conjugated secondary 
antibody along with the primary monoclonal anti-BrdU antibody 
and counterstaining permits evaluation of the morphology of 
S-phase cells. 


matched BM aspirates and plastic-embedded biopsy samples 
in individual patients. These data are presented for the 40 
leukemic patients in the first two columns of Table 1. 
Clearly, higher LI values were obtained from the biopsy 
samples (mean, 23%) than from the respective BM aspirates 
(mean, 9%) in individual patients. The difference in the 
means of the two groups as determined by the z test was 
statistically significant with a P value of .00003. In addition 
to this striking difference, it is important to note in Table | 
that there is no consistent relationship between the two 
values in individual patients. For example, patient 1 (Table 
1) had 4% S-phase cells in the aspirate and 16% in the biopsy 
sample, whereas patient 2 had a LI of 15% in the aspirate 
and 17% in the biopsy sample. 

Measurement of cell cycle times. T, as well as T, were 
determined on 40 leukemic patients. Table | provides this 
information in detail. Thirty-seven patients had a diagnosis 
of ANLL, 26 having been studied at the time of initial 
diagnosis and 11 at the time of relapse. Three patients were 
studied in blastic crisis of CML. If all the leukemic patients 
studied are considered together, one can see from Table | 
that there are wide variations in both T, as well as T, between 
individuals, although the mean and median values for each 
correspond well with what has been reported in the literature 
(mean T, 19 hours; median, 17 hours; and mean Ta. 93 
hours; median 76 hours). The T, ranges from four to 49 
hours.and the T, ranges from 16 to 292 hours. Table 1 also 
compares the cell cycle characteristics of newly diagnosed 
and relapsed ANLL patients as well as three individuals 
studied during blastic crisis of CML. These last three 
patients demonstrate shorter T, and T, as compared with the 
ANLL group. Although not statistically significant because 
of the few patients studied, it appears that both T, and T, of 
the leukemic cells in relapsed individuals are longer than that 
for newly diagnosed ANLL (mean of 22 hours v 18 hours for 
T, and mean of 117 hours v 87 hours for T., respectively). 

Since T, is a derivative of both T, and LI, we determined 
its relationship to these two parameters separately. Although 
there was no correlation between T, and LI (r = .4), there 
appeared to be a statistically significant correlation (r = .8) 
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Table 1. Cell Cycle Studies on Leukemic Patients 
Following BrdU Infusion 
S. No % Sin Asp % SinB, T, th) T, (h) 
Newly Diagnosed Patients with ANLL 
1 4 16 13 81 
2 15 17 25 100 
3 16 22 29 132 
4 3 12 34 283 
5 8 23 21 91 
6 2 23 11 48 
7 7 25 49 196 
8 7 25 4 16 
9 6 24 18 75 
10 26 50 24 48 
11 6 20 13 65 
12 6 22 17 77 
13 12 14 12 86 
14 7 29 18 62 
15 3 24 24 100 
16 5 23 8 37 
17 15 15 9 60 
18 11 25 28 112 
19 12 21 16 76 
20 6 10 23 206 
21 16 20 16 80 
22 10 23 10 42 
23 18 28 9 32 
24 8 20 11 52 
25 19 22 9 41 
26 12 21 13 62 
Mean 10% 22% 18 87 
Median B% 22% 16 76 
Relapsed ANLL Patients 
27 2 26 18 69 
28 7 25 11 44 
29 8 15 32 213 
30 11 28 14 50 
31 17 36 29 81 
32 4 23 26 173 
33 10 25 33 132 
34 2 13 38 292 
35 7 18 16 89 
36 9 23 9 39 
37 12 21 21 100 
Mean 8% 23% 22 117 
Median 8% 23% 21 89 
Blastic Crisis CML Patients 
38 10 30 20 67 
39 a 31 13 42 
40 8 20 10 50 
Mean 7% 27% 14 53 
Median 8% 30% 13 50 
For All 40 Patients 
Mean 9% 23% 19 93 
Median 8% 23% 17 76 





Abbreviations: ANLL, acute nonlymphocytic leukemia; CML, chronic 
myeloid leukemia; S. No., patient no.: % S in Asp, percentage of S-phase 
cells in bone marrow aspirates; % S in B,, percentage of S-phase cells in 
bone marrow biopsies; T,, duration of S-phase in hours; T., duration of 
total cell cycle time in hours. 








1650 RAZA, MAHESHWARI, AND PREISLER 
soo A 300 R B 
x . L . 
aol 260 H 
g T Eo E 
Ekan .e i 2 zop . , 
> sot- à o BOF z 
E | E p 
o E nor aa 
= ae we P = K , ` : R Fig2. Relationship of T, to the percentage 
Ö 60 >> "+ & 60 |- oes? of S-phase cells (A) and T, (B) was determined 
- 4°. 7 }- e y in patients with ANLL. Although the correlation 
sl Re Ge ee opro ee a u on or the former was low {r = .4), there was a 
10 20 30 40 50 60 10 20 30 40 50 60 Statistically significant relationship between T, 


between T, and T,. Figures 2A and 2B show these compari- 
sons. We also assessed the relationship between T, and T, and 
the FAB type, the cytogenetic karotype, and the height of the 
WBC count at presentation. There was no unique relation- 
ship between any of these values. For example, in nine newly 
diagnosed ANLL patients with FAB-M2, the median value 
for T, was 12 hours, and that for T, was 72 hours. Similarly, 
in ten newly diagnosed ANLL patients with FAB-M4, the 
median values for T, and T, were 15 and 70 hours, respec- 
tively. 

Relationship of cell cycle characteristics to clinical 
course of the disease in ANLL. Although the means of T, 
and T, for all leukemic patients studied approximated closely 
with what has so far been reported in the literature, it is clear 
that there are distinct differences between individual 
patients. For example, the leukemic cells of seven patients 
had T, values that differed from the population mean value 
by more than | SD (ie, either less than 23 hours or greater 
than 157 hours). All seven patients (Table 1, patient num- 
bers 4, 7, & 20, 29, 32, and 34) failed to enter CR after 
chemotherapy, six because of persistent leukemia after ther- 
apy and one because of early death. Five of the six treatment 
failures had a very long T, (173, 196, 203, 213, 282 and 292 
hours, Table 1), whereas one had a very short T, (16 hours). 
Although chemotherapy produced marrow aplasia in the 
latter patient, leukemic cells rapidly repopulated the mar- 
row. 

The values of T, and T, for patients studied at the time of 
initial diagnosis of ANLL v the outcome of remission induc- 
tion therapy are presented in Table 2. It appears at a glance 
that both T, and T, are shorter (mean T,, 16 hours; mean Ts 
66 hours) in patients who achieved CR as compared with 
those who had RD (mean T,, 21 hours; mean T,, 104 hours). 
Of note in the RD group is that two patients had a very long 
T. (196 and 283 hours), whereas two patients had a very 
short T, (16 and 38 hours), which suggests a possible role of 
cell cycle-related “kinetic resistance” to therapy in these 
individuals. 


DISCUSSION 


The proliferative characteristics of malignant cells were 
studied in 40 leukemic patients. The data presented in this 
paper led to three important observations. First, the percent- 
age of S-phase cells was much higher in BM biopsy speci- 


Duration of S- Phase (Hours) ——= 


and T, (r = .8). 


mens than in simultaneously obtained BM aspirates. Second, 
there was great variability in cell cycle times of individual 
patients ranging from very short to very long durations of 
both the S-phase and the cycling times of cells. Finally, there 
was no direct relationship between the length of the cell cycle 
and the percentage of cells actively synthesizing DNA. 

In previous studies, we have demonstrated that the in vitro 
BrdU LI were similar to the in vitro *HTdr Li.» In the 
Present study, the in vivo BrdU labeling of BM aspirates 
provide data comparable with studies that have used 7HTdr 
in vivo. For example, the mean LI in BM aspirates after a 
BrdU infusion in this study is 9% compared with the mean LI 
after a *HTdr infusion reported in the literature ranging 
between 5.9% to 7%.2428 Similarly, the observation of a 
higher LI from matched BM biopsy samples of these patients 
confirms the findings of previous investigators7s.20 who have 
addressed the question of hemodilution of the aspirates. 

Many attempts have been made to relate the proliferative 
characteristics of leukemic cells as measured by the LI of 
BM aspirates with treatment outcome.s032 The results have 
been conflicting. Obviously, one reason for this lack of 
relationship may be that the value for the percentage of 
S-phase cells was obtained from BM aspirates, which as 
noted earlier may provide inaccurate information. Even if 


Table 2. Cell Cycle Studies on Newly Diagnosed Patients With 
Acute Nonlymphocytic Leukemia Who Received Remission 
Induction Therapy v Outcome of Treatment 





CR RD Others 


S.No. T,{h) T. (hy S.No. Tih) T.) S.No. T, th) T, {h} 








100 1 13 81 


3 29 132 2 25 
9 18 75 4 34 283 6 11 48 
10 24 48 5 21 91 17 9 60 
19 16 76 7 49 196 20 23 206 
21 16 80 8 4 16 24 11 52 
22 10 42 13 12 86 
23 9 32 14 18 62 
25 9 41 15 24 100 
16 8 37 
18 28 112 
26 13 62 
Mean 16 66 21 104 13 89 
Median 16 61 21 92 11 60 





Abbreviations: CR, complete remission; RD. resistant disease: Others, 
death during induction; S. No., patient no.; T,, duration of S-phase in 
hours; T., duration of total cell cycle time in hours. 
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the LI were accurate, it is not the only determinant of the 
biologic behavior of leukemic cells since it provides no 
information about T, or T., which are far more important 
measurements than the LI alone. The most striking illustra- 
tion of this can be observed in Table 1, where both patients 7 
and 8 have 7% S-phase cells in the BM aspirate and 25% 
S-phase cells in their biopsy specimens, yet their T, (49 v 4 
hours) and T, (196 v 16 hours) are entirely unrelated. One 
patient (no. 7) takes approximately eight days to double his 
leukemic burden, whereas the other (no. 8) is doubling his 
leukemic cell mass every 16 hours. Hence, in order to acquire 
a comprehensive view of the cell cycle characteristics in 
ANLL patients, all three characteristics, ie, LI as well as T, 
and T,, must be taken into account. 

Futhermore, conclusions regarding cell cycle characteris- 
tics in newly diagnosed ANLL patients have in the past been 
based on approximately 20 patients from nine different 
studies.25.27,28,33-38 Because the dose level and schedule of 
4HTdr infusions as well as the methodology of sample 
processing was quite different in each study, comparisons of 
such data are difficult. Since the methodology we used is 
considerably more efficient than the double-labeled autora- 
diography or the estimation of labeled mitosis used in 
previous studies, we were able to study large numbers of 
patients uniformly. 

After administration of BrdU and in vitro incubation of 
BM aspirates with “HTdr, we used our previously described 
double-label technique to measure the T, and T, in 40 
leukemic patients. The internal t between the two labels was 
maintained at a constant by obtaining the BM samples 
immediately at the end of the BrdU infusion and subse- 
quently handling samples on ice. All cell washing procedures 
were conducted with cold media in refrigerated centrifuges 
so that metabolic activity in the cells remained arrested until 
the start of incubation with the second label ((HTdr) in vitro 
at 37°C. 

Cell cycle characteristics were thus measured on 40 leu- 
kemic patients, 26 of whom were studied at the time of initial 
diagnosis of ANLL, 11 at the diagnosis of relapsed leukemia, 
and three individuals in blastic crisis of CML. Of the 26 
newly diagnosed ANLL cases studied, 24 subsequently 
received remission induction therapy. It appears that 1] 
patients who survived therapy (CR + RD only) had a T, of 
less than 80 hours, and seven of these 11 patients achieved 
CR (Table 2). On the other hand, among eight patients who 
had a T, longer than 80 hours and who survived therapy 
(CR + RD), only one entered remission, and seven demon- 
strated clinical resistance. This seems to indicate that 
patients with a T, longer than 80 hours tend to respond 
unfavorably to chemotherapy. In fact, of six ANLL patients 
who had an extraordinarily long T, (173, 196, 203, 213, 282, 
and 292 hours, Table 2), five demonstrated resistance to 
chemotherapy, and one patient died during treatment. 

On the other hand, patients at the other extreme of T, do 
not respond well either. For example, the patient with T, of 
16 hours (no. 8, Table 1) achieved aplasia after chemothera- 
py, but his BM was repopulated by rapidly dividing leukemic 
cells. This patient is particularly interesting because he 
achieved aplasia twice after chemotherapy, and each time his 
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BM was repopulated by leukemic cells. The regrowth rate of 
his leukemic cells as measured by the daily increase in 
myeloblasts from his PB both times was consistent with a T, 
ranging between 19 to 21 hours (manuscript in press). This 
value correlated strongly with a cycling time of 16 hours for 
the myeloblasts we had determined prior to administration of 
any chemotherapy. It must be remembered that for the 
calculation of T, we utilized the LI value from biopsy 
samples rather than BM aspirates. Had we used the LI value 
from the BM aspirate in this patient, the calculated T, would 
have been $7 hours rather than 16 hours. Since the clinical 
and biologic behavior of his leukemic cells was more consis- 
tent with a cycling time of 16 hours, this case validates the 
use of biopsy specimens for a more accurate assessment of 
the percentage of cells actively engaged in DNA synthesis. 

Table | also compares the cell cycle characteristics of 
newly diagnosed and relapsed ANLL patients as well as 
three individuals studied during blastic crisis of CML. The 
three CML patients demonstrate a shorter T, and T, com- 
pared with the ANLL group, an observation consistent with 
the fact that, although chemotherapy often produces marrow 
aplasia, rapid regrowth of blastic crisis clones often occurs. 
Similar to previously reported results,» both the T, and T, in 
relapsed ANLL patients were longer than that for newly 
diagnosed ANLL (22 v 18 hours for T, and 177 v 87 hours for 
T, respectively). Therefore, selection of leukemic clones that 
are slowly cycling may be an additional explanation for the 
frequent resistance to chemotherapy observed in these 
patients. 

It must be remembered, however, that the biologic proper- 
ties of leukemic cells represent only one of several factors 
that help to determine response. It is only possible to say that 
some cell cycle characteristics may be identified that if 
present will result in an unfavorable response to therapy. but 
if absent does not guarantee CR. Therefore we may see 
patients who have cell cycle characteristics compatible with a 
favorable response to chemotherapy yet who fail to enter 
remission because of other reasons (such as metabolic drug 
resistance of leukemic cells or a very high leukemic cell mass 
at the time of treatment). The clinical implications of 
identifying a subset of patients who will manifest resistance 
to therapy either because of very slowly cycling cells or 
unusually rapid proliferation regardless of other favorable 
prognostic factors are then obvious. For example, if this 
information can be obtained prior to therapy, both remission 
induction as well as consolidation/maintenance regimens 
could be altered to suit the individual needs of patients. Thus 
patients with a long T, may benefit from prolonged treat- 
ment utilizing low doses of drugs. On the other hand, 
individuals with very rapidly dividing leukemias may be 
candidates for intermittent therapy with intensive courses of 
S-phase~specific agents. Finally, the duration of remission in 
patients who achieve CR may at least in part depend upon 
the regrowth rate of the residual leukemic cells; however, the 
present study is too young for comment on this aspect. 

One last concern that needs to be addressed in the 
assessment of cell cycle characteristics is the question of the 
actual growth fraction in each patient. We assumed it to be 
100% in the calculations of T,. This assumption was based on 
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the observations reported in three elegant studies374041 that 
have shown that the noncycling or Gp compartment of cells in 
ANLL is relatively small. For example, Clarkson et als 
administered *HTdr by continuous infusion for eight to ten 
days and demonstrated that 90% to 98% BM cells were 
labeled at the end of this period. This left a definite but 
insignificant proportion of 2% to 8% noncycling cells in the 
Gy compartment. Although it would be ideal to measure even 
this small subcompartment in every patient, at the present 
time the risk of administering BrdU by continuous infusion 
for long periods of time is not justified. Second, it must be 
remembered that the methods we utilized in our studies as 
well as those in the past can only yield information about the 
average behavior of a cell population. No information can be 
obtained about the rate of DNA synthesis or duration of cell 
cycle time in individual cells. It is possible that the 2% to 8% 
unlabeled cells in the study of Clarkson et al were very slowly 
cycling rather than being truly quiescent. Therefore, similar 
to past experience and assuming all cells to be in cycle, we 
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have estimated the average cell cycle times of leukemic cells 
in a population. 

In summary, therefore, cell cycle characteristics were 
determined for 40 leukemic patients. There were distinct 
differences in both the T, as well as the T, of individual 
patients. A subgroup of individuals was identified with either 
a very long or very short T, who demonstrated clinical drug 
resistance in response to multiple courses of chemotherapy. 
Because these measurements can now be obtained within a 
reasonable time frame, they will contribute greatly in under- 
standing the biologic behavior and the natural history of 
acute leukemias as well as assist in tailoring therapy to suit 
the needs of individual patients. 
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Hematologic Effects of Immunotherapy With Lymphokine-Activated Killer Cells 
and Recombinant Interleukin-2 in Cancer Patients 


By Stephen E. Ettinghausen, Jeffrey G. Moore, Domaid E. White, Leonidas Platanias, 
Neal S. Young, and Steven A. Rosenberg 


Immunotherapy with interleukin-2 (IL-2) and lymphokine- 
activated killer (LAK) cells generated from autologous 
lymphocytes has produced significant tumor regressions in 
patients with advanced cancer. In the current study, we 
reviewed the hematologic effects associated with this 
therapy in our initial 42 patients. Eighty-eight percent of 
the treated patients developed anemia that required =4 
units of red cell transfusions, and 43% received at least 8 
units. Only a blood loss of 2 to 3 units could be attributed to 
repeated phlebotomy, cytophereses, and hemodilution. IL- 
2 administration also resulted in thrombocytopenia as well 
as lymphopenia and eosinophilia. Forty-three percent of 
patients developed platelet counts of <50,000/uL, and 
36% of the total group required platelet transfusions. Mild 


E HAVE RECENTLY reported that the intravenous 
administration of lymphokine-activated killer 
(LAK) cells and recombinant human interleukin-2 (IL-2) to 
humans with disseminated cancer can produce significant 
regressions of measurable tumor.'” Autologous lymphocytes, 
which are harvested by repeated leukophereses, are incu- 
bated for three to four days in IL-2 to generate LAK cells. 
These cells are capable of lysing fresh, natural killer- 
resistant tumor cell targets but not normal cells in short-term 
chromium release assays.** Although promising as an anti- 
cancer treatment,'” this immunotherapy has been associated 
with multiple adverse effects including fever. chills, malaise, 
confusion, diarrhea, and a poorly defined vascular leak 
syndrome. ?* Furthermore, 24 of the initial 25 patients 
treated required red cell transfusions for anemia, and throm- 
bocytopenia (nadir platelet count, <50,000/uL) was 
observed in 44% of the patients.'? 

In the current investigation we conducted a detailed 
survey of the hematologic effects observed in our initial 42 
immunotherapy patients. To study the possible pathogenesis 
of some of the observeé hematologic toxicities, we also 
investigated the in vivo effects of this immunotherapy upon 
circulating erythroid (BFU-E) and granulocytic/macro- 
phage (CFU-C) progeniter cells in five patients. 


MATERIALS AND METHODS 


Patients and treatment. The analysis of the hematoiogic effects 
of immunotherapy with LAK cells and IL-2 was drawn from the 
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neutrapenia and a rebound lymphocytosis followed discon- 
tinuation of IL-2 treatment. To explore the possible mecha- 
nisms for these hematologic effects, standard hemato- 
poietic colony assays were conducted on serial blood 
samples from five patients. IL-2 produced a significant 
decline in circulating erythroid (BFU-E) and granulocytic / 
macrophage (CFU-C) progenitors, which rebounded after 
the discontinuation of IL-2 therapy. Infusion of IL-2 also 
resulted in measurable serum levels of y-interferon. Some 
of the hematologic effects of immunotherapy with LAK 
cells and IL-2 may be the result of IL-2—-mediated suppres- 
sion of hematopoiesis. 

© 1987 by Grune & Stratton, Ine. 


clinical summaries of our initial 42 patients undergoing their first 
round of treatment. Serial studies of circulating hematopoietic 
progenitors were conducted on four patients receiving LAK cells and 
IL-2 aad one patient undergoing therapy with IL-2 alene. The 
recombinant IL-2 used in this trial was kindly supplied by Cetus 
Corp (Emeryville, CA). The molecular biologic and immunologic 
properties of this lymphokine preparation have been described 
elsewhere.’ Summaries of the clinical histories (Table 1) and of 
hematopoietic colony assay results (Table 2) are presented for the 
five patients who underwent analysis of the IL-2 effect upon 
peripheral blood progenitor colonies. 

All patients had advanced cancer and had failed effective stan- 
dard therapy for their specific neoplasm. Prior to the initiation of 
treatment, none of the patients had significant, nonneoplastec hema- 
tologic, cardiopulmonary, renal, or hepatic disease. No patient had 
received any therapy for at teast 4 weeks before entry into this 
treatment trial. Informed consent was obtained from all patients 
before beginning therapy. The experimental immunotherapy proto- 
col was previously approved by the Clinical Research Committee of 
the National Cancer Institute and by the Food and Drug Adminis- 
tration. 

The regimen for leukophereses and lymphocyte harvest and 
culture has been previously described in detail.' Briefly, repeated 
lymphocytophereses using a continuous-flow, cell separator (IBM- 
2997; Cope Labs, Lakewood, CO) were performed to collect 5 x 10° 
to 3 x 10° mononuclear celis per procedure. Lymphocytes were 
separated by centrifugation over Ficoll-Hypaque density gradients 
(LSM; Litton Bionetics, Rockville, MD} and were then placed in 
human AB serum-containing medium. After incubation at 37°C in 
roller bottles for three to four days, the LAK cells were harvested by 
centrifugation and were resuspended in 0.9% saline containing 
human serum albumin and IL-2 (375 U/mL). The cell suspension 
was filtered through sterile nylon mesh before infusion. 

The treatment protocol has been detailed previously.” Briefly, 
patients received three to four days of 30,000 or 100,000 U/kg of 
IL-2 administered as bolus intravenous (IV) infusions every eight 
hours. After a two- to three-day period not receiving IL-2, daily 
leukophereses were performed for the next five consecutive days. 
This schedule for the leukophereses was chosen to maximize lympho- 
cyte yields by taking advantage of the lymphocytosis that follows the 
discontinuation of IL-2 infusion.’ The LAK cells were then admin- 
istered by the IV route three to four days later. After the first cell 
infusion, 10,000 to 100,000 U/kg of IL-2 were injected IV every 
eight hours and continued for an average of four to five days. 
Discontinuation of IL-2 therapy was dictated by the development of 
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Table 1. Patient Population 
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Patient Age Sex Primary Malignancy Sites of Metastases Prior Therapy 
1 42 F Adenocarcinoma of Subcutaneous tissues, Surgery, radiation (axil- 
the breast liver, lungs la, supraclavicular 
fossa) 
2 63 Melanoma (back) Lung, pancreas Surgery 
3 33 M Alveolar rhabdo- Lung Surgery, chemotherapy 
myosarcoma (cyclophosphamide, 
(thigh) doxorubicin, metho- 
trexate, vincristine, 
VP-16, cisplatin, ac- 
tinomycin D dacar- 
bazine), radiation 
(thigh, lungs) 
4 52 Adenocarcinoma of Mediastinal lymph Radiation (mediastin- 
the lung nodes, lungs um} 
5 45 M Clear cell carcinoma Lungs, kidneys Surgery 


of the kidney 





toxicity. After a rest period, the cycle of leukophereses and LAK cell 
infusions with IL-2 was repeated in some patients. Some patients 
were treated with high-dose IL-2 alone and, therefore, did not 
undergo repeated leukophereses. The therapy was administered in 
two four- to six-day cycles of 100,000 to 300,000 U/kg of IL-2 given 
every eight hours. 

During the intervals of IL-2 administration, patients received 
acetaminophen, indomethacin, ranitidine, hydroxyzine, doxepin, 
and meperidine. 

Standard blood studies including complete blood counts, hepatic 
and renal function tests, and electrolyte determinations were fre- 
quently performed during the treatments. 

Hematopoietic colony assays. The effect.of immunotherapy on 
hematopoietic colony formation in vitro’ was measured before, 
during, and after administration of IL-2. Peripheral blood was 
collected in 50 units of preservative-free heparin (Forest Pharma- 
ceuticals, St Louis) per milliliter of blood. Mononuclear ceils were 
separated by sedimentation over Ficoll-Hypaque (LSM) and washed 
twice in Iscove’s modification of Dulbecco’s medium (GIBCO, 
Grand Island, NY) with 2% heat-inactivated fetal calf serum (FCS, 
Flow Laboratories, McLean, VA). The cells were then resuspended 
in culture medium to a final concentration of 3 x 10° cells/mL. 
Culture medium contained 0.8% methylcellulose (Dow Chemicals, 
Midland, MI), 30% FCS, 1% bovine serum albumin (Sigma Chemi- 
cal Co, St Louis), 100 U/mL penicillin-streptomycin (M.A. Biopro- 
ducts, Walkersville, MD), 2.5 U/mL of erythropoietin (Connaught 
Laboratories, Willowdale, Canada), and 10% phytohemagglutinin 
(GIBCO)-stimulated leukocyte-conditioned media. Cultures were 
plated in duplicate in Lux suspension culture dishes (35 x 10 mm, 
Miles Scientific, Naperville, IL) and incubated at 37°C in 95% 


Table 2. Summary of Hematopoietic Progenitor Colonies 
Before (Pre), During, and After (Post) IL-2 Therapy 











BFU-E* CFU-C* 
Patient Pre Duringt Postt Pre Duringt Postt 
1 31 2 76 10 o 7 
2 124 1 27 3 0 19 
3 64 2 22 4 18) 15 
4 0 o 2,870 0 0 462 
5 20 (6) 78 6 0 29 





*Values are colonies per milliliter of blood; SD, <15% of reported 
values. 

tMinimum colony number during IL-2 treatment. 

pMaximum colony number after IL-2 treatment. 


humidity and 5% CO,. Colonies derived from primitive erythroid 
(BFU-E) and granulocyte/macrophage (CFU-C) progenitors were 
enumerated by their characteristic morphologies on day 18. The 
data are expressed as the number (mean + SD) of colonies per 
milliliter of blood to correct for both changing total blood counts and 
variable recovery of mononuclear cells during treatment. 

Interferon assay. y-Interferon levels were determined with a 
commercial radioimmunoassay kit (Centocor, Philadelphia) using a 
National Institutes of Health y-interferon standard (Gg 23-901- 
530) as an interna! control. 


RESULTS 


The hematologic profiles for the initial 42 patients receiv- 
ing LAK cells and IL-2 are presented in Table 3. Figure | 


Table 3. Hematologic Effects of First Treatment Round With LAK 
Celis and Recombinant IL-2 in Initial 42 Patients 











Patients : 
Cell Count Number car Counts (x 10°/uL Blood) 
ix 10°/aL} (%} Mean Median Range 
Nadir values 
Platelets <80 27 (64) 67.62 56.00 7.0-186.0 
=50 18 (43) 
=20 9 (21) 
Lymphocytes <1 41(98) 0.14 0.065 0.0-1.7 
<0.2 34 (81) 
ce) 19 (45) 
Neutrophils <2 11 (26) 2.64 2.49 0.3-5.6 
<1 3 (7) 
<0.5 t (2) 
Total leukocytes <4 29 (69) 3.28 3.15 0.7-6.5 
=2.5 15 (36) 
<1 3 (7) 
Peak values 
Eosinophils 210 5 (12) 5.91 2.96 0.4-37.0 
25 16 (38) 
=2 28 (67) 
Lymphocytes 215 7(17) 10.09 7.09 2.4-43.5 
>10 13 (31) 
Bets} 30 (71) 





Normal values: total leukocytes, 5,000 to 11,000/uL: neutrophils, 
2,500 to 7,700/uL; eosinophils, 140 to 500/uL; lymphocytes, 1,000 to 
4,000/uL: platelets, 145,000 to 450,000/ jl. 
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Fig 1. Packed red cell (A) and platelet (B) transfusion require- 


ments of the initial 42 patients receiving immunotherapy with LAK 
cells and IL-2. Each dot represents a single patient. The mean 
(horizontal bars) and median numbers of red cell transfusions were 
7.5 and 7 units, and those of platelet transfusions were 11.3 and O 
units, respectively. 


shows the transfusion requirements resulting from therapy 
for this same group of patients. 

IL-2 infusions resulted in moderate to severe thrombocy- 
topenia (mean and median nadir counts, 67,620 and 55,000/ 
uL, respectively), with 64% of the patients having platelet 
counts =80,000/nL and 21% having counts <20,000/uL. 
One patient whose platelet count fell as low as 20,000/uL 
developed an upper gastrointestinal hemorrhage, but no 
other significant bleeding episodes occurred as a result of 
thrombocytopenia. 

The administration of IL-2 led to a marked lymphopenia 
(mean and median nadir counts, 140 and 50/uL, respec- 
tively), with lymphocyte counts falling below 1,000/uL in 
98% of patients and to O in 45% of the individuals. After 
discontinuation of IL-2 therapy, a rebound lymphocytosis, 
which has been reported previously,’ was observed (mean 
and median peak counts, 10,094 and 7,090/uL, respec- 
tively). 

Eosinophilia (mean and median peak counts, 5,913 and 
2,963/uL, respectively) also developed during the course of 
immunotherapy and was usually observed at the end of 
treatment or during the five days after completion of thera- 
py. Sixty-seven percent of the individuals had peak eosino- 
phil counts 22,000/uL, whereas 38% demonstrated counts 
25,000/uL. Although IL-2 did induce generalized fluid 
retention and a pruritic dermatitis, no allergic phenomena 
such as urticaria or bronchospasm were associated with the 
eosinophilia of IL-2 therapy. 

Moderate leukopenia (mean and median nadir counts, 
3,280 and 3,150/uL, respectively) and, in some patients, 
mild neutropenia (mean and median nadir counts, 2,640 and 
2,490/uL, respectively) were noted during therapy. In gener- 
al, leukopenia was associated with the lymphopenic episodes 
that occurred during IL-2 infusion and not with neutropenia. 
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Only three patients developed neutrophil counts of = 1,000/ 
uL, and none experienced septic complications. 

The severity of the hematologic toxicity was reflected by 
extensive transfusion requirements (Fig 1). Forty-one of the 
42 patients required transfusions of packed red cells, plate- 
lets, or both during therapy. Although no patient had 
received any other cancer treatment within 30 days of 
beginning immunotherapy, 14 patients had at some prior 
date received chemotherapy or immunotherapy, five individ- 
uals had previously undergone radiation treatments, and 
seven patients had received both. Red cell transfusions were 
administered during therapy to maintain the hemoglobin 
at =10 g/dL. Transfusions of 4 units of packed red cells were 
necessary in 37 patients (88%) and 8 or more units in 18 
individuals (43%). Platelet transfusions were administered 
for bleeding in the setting of thrombocytopenia or for 
prophylaxis when platelet counts fell below 20,000/uL. 
Although 64% of patients never required platelet transfu- 
sions, eight individuals (19%) received over 20 units. One 
patient did not require any transfusions, whereas another 
patient, who suffered a gastrointestinal bleed (see the second 
paragraph of Results} during therapy-induced thrombocyto- 
penia, required 19 units of packed red cells and 48 units of 
platelets. Except for six other patients with occult blood loss 
from the gastrointestinal tract and one with minor episodes 
of hemoptysis, there was no other evidence for significant 
intestinal, respiratory, or urinary tract blood losses or hemol- 
ysis. Phlebotomy during the treatment period accounted for 
the loss of approximately 1 to H% units of blood per patient. 
Hemodilution due to the administration of crystalloid and 
colloid solutions also contributed to changes in the concen- 
tration of various blood elements. No evidence of autoim- 
mune disease was detected in the patients during or after 
therapy. 

The clinical courses of the following two patients are 
representative of our findings. Patient 1 (Fig 2) received the 
combination therapy with LAK cells and IL-2, whereas 
patient 2 (Fig 3) was treated by high-dose IL-2 alone and did 
not undergo multiple leukophereses and LAK cell infusions. 

With the initial administration of IL-2 (30,000 to 300,000 
U/kg IV every eight hours), a significant fall in the hemoglo- 
bin level and suppression of BFU-E~derived colonies were 
seen when IL-2 was administered (Figs 2 and 3, Table 2). In 
patient 1, IL-2 produced a five- to 15-fold reduction in 
BFU-E colony numbers below the immediate pretreatment 
baselines, and in patient 2 the therapy resulted in a five- to 
125-fold decrease in erythroid colonies from the baseline. 
Since the reduction of hemoglobin and circulating erythroid 
progenitor levels was observed with or without concurrent 
LAK cell administration, this effect appeared to represent an 
IL-2-mediated, LAK cell-independent phenomenon. That 
bone marrow function was affected by IL-2 therapy could 
also be inferred from the drastic decrease in colony numbers 
and reticulocytopenia (see patient 1, Fig 2). Although the 
suppression by IL-2 was evident upon both BFU-E and 
CFU-C colonies, the effect was much more striking upon the 
erythroid progenitors (Table 2). In both patients, the treat- 
ment-induced anemia necessitated 6 units of red cell transfu- 
sions. Patient 2 required 37 units of platelet concentrates 
during periods of severe thrombocytopenia. 
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Fig 2. Hematologic effects of LAK ceils and IL-2, patient 1. 


Serial measurements of ‘y-interferon, erythroid (BFU-E) and granu- 
locytic/ macrophage (CFU-C) progenitors (mean + SD), hemogio- 
bin, reticulocyte counts, total leukocytes, neutrophils, platelets 
and packed red cell (PRBC) transfusions are shown. LAK cell 
infusions were administered as shown after leukophereses on 
days 8 to 12 and 22 to 26, inclusively. IL-2 was given IV every eight 
hours at the doses indicated. 


After the withdrawal of IL-2 therapy the number of 
circulating erythroid precursors rebounded dramatically 
above the baseline (Figs 2 and 3, Table 2). The extent of this 
increase appeared to be directly related to the dose of IL-2 
administered. For example, in patient | (Fig 2), the ery- 
throid colony number rose 38-fold above the nadir level after 
30,000 U/kg of IL-2 and 64-fold after 100,000 U/kg. 

Circulating y-interferon could be measured during periods 
of IL-2 administration. For example, in patient 1 (Fig 2), the 
highest level of interferon (15.0 IU/mL on day 6) was 
observed with the initial injections of IL-2 at 30,000 U/ 
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kg/dose. However, there did not appear to be a direct dose 
correlation between injected IL-2 and measured interferon, 
since the later doses of IL-2 (100,000 U/kg/dose) did not 
result in higher levels of interferon. Similarly, in patient 2, 
interferon levels rose to 8.5 IU/mL on day 9 (after four days 
of IL-2 given every eight hours) and declined to 0 by four and 
60 days after completing IL-2 therapy. 


DISCUSSION 


Recently, the administration of LAK cells and recombi- 
nant IL-2 to humans with advanced cancer has produced a 
reduction in measurable tumor in 11 of 25 patients.'? How- 
ever, this therapeutic regimen has been accompanied by 
significant toxicity. We report in this study major hemato- 
logic changes in the initial 42 patients undergoing their first 
cycle of immunotherapy. Anemia that required red cell 
transfusions occurred in almost every patient treated with 
LAK cells and IL-2. Thrombocytopenia (platelet count, 
=50,000/uL) was observed in 43% of the individuals, and 
36% of the total patient group received platelet transfusions. 
Sixty-nine percent of those treated developed total leukocyte 
counts under 4,000/uL. although severe neutropenia (<500/ 
uL) was only observed in one individual. Other hematologic 
effects included lymphopenia and eosinophilia. Since large 
human trials with LAK cells and IL-2 are currently under 
way. the knowledge of these hematologic effects and an 
understanding of their pathophysiology assume particular 
importance. 

The rapidity of the decline in hemoglobin and platelet 
levels during therapy with IL-2 could be partly attributed to 
phlebotomy. hemodilution, and in some patients, gastrointes- 
tinal tract losses. In addition, in those individuals receiving 
LAK cells and IL-2, repeated cytophereses also resulted in 
small blood losses, since each cytopheresis procedure gener- 
ated 350 to 850 mL of a cell suspension with a hematocrit 
value of 3% to 5% and 1 to9 x 10" platelets. However, even 
these processes taken collectively could not account for the 
severity of the anemia and the large number of transfusions 
required by these patients. Blunting of the normal hemato- 
poietic response to ongoing minor blood losses appeared 
likely. 

We investigated the possible mechanism underlying the 
anemia, leukopenia, and thrombocytopenia induced by IL-2 
therapy by using clonal assays for hematopoietic progenitors. 
Serial colony numbers were determined by using peripheral 
blood rather than bone marrow for practical and ethical 
reasons in critically ill patients with many acute medical 
problems. Because observations had revealed that hemato- 
logic abnormalities returned to normal in all patients after 
ceasing IL-2 administration, we felt that repeated bone 
marrow aspirations were not justified in this patient popula- 
tion. In general, the peripheral blood colony number reflects 
hematopoiesis in hypoproliferative and hyperproliferative 
hematologic diseases such as aplastic anemia” and chronic 
myelogenous leukemia’ or polycythemia vera.'' That the 
striking and rapid decline in the peripheral blood colony 
number was significant in the present study was suggested by 
(1) the concurrent and consistent fall in the patients’ blood 
counts and (2) the regular rebound to relatively high colony 
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numbers with the termination of IL-2 infusions. In the only 
patient examined by bone marrow aspirate and biopsy during 
IL-2 therapy, there was absence of bone marrow precursor 
cells coincident with the low number of hematopoietic colo- 
nies in peripheral blood. 

The hematologic changes were almost certainly secondary 
to IL-2 administration. The three- to 125-fold decline in 
erythroid colony number in the circulation of treated patients 
occurred with the administration of IL-2 alone as well as 
with the combination of LAK cells and IL-2. Moreover, 
these falls in colony numbers preceded the period of intensive 
cytophereses in patients receiving beth LAK cells and IL-2. 
It is unlikely that LAK cells produced significant lysis of 
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Fig 3. Hematologic effects of IL-2, patient 2. 
(See the legend for Fig 2.) This patient received 
only high-dose IL-2 and therefore did not undergo 
repeated leukophereses or LAK cell infusions. 


hematopoietic colonies since LAK cells have not demon- 
strated the ability to destroy normal tissues”!? despite their 
broad lytic reactivity against a wide variety of tumor 
types." 

Both negative ™ * and positive'™'* effects of IL-2 on hema- 
topoiesis have been reported in colony culture. Recombinant 
IL-2 has been shown to inhibit hematopoiesis in vitro in a 
dose-dependent manner, with the effect mediated by Tac+" 
or OKT8 +'* cells. At low concentrations’? or under special 
culture conditions,'® recombinant IL-2 has also demon- 
strated stimulatory activity upon colony growth. These dis- 
crepant results almost certainly are due to variability among 
clonal progenitor assay models and the complex interactions 
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HEMATOLOGIC EFFECTS OF IL-2 THERAPY 


between IL-2 and the repertoire of immune cells that regu- 
late hematopoiesis in vitro. 

IL-2 also has profound effects upon the number of periph- 
eral blood lymphocytes in both animals and humans; the 
administration of IL-2 results in a dramatic fall in all 
subpopulations of lymphocytes,’ possibly due to a redistribu- 
tion into nonrecirculating compartments." Continuous infu- 
sion of IL-2 to humans leads to an eventual rebound in all T 
cell subsets, including cytotoxic/suppressor cells, and the 
appearance of cells bearing the Tac antigen,’ a marker of 
lymphocyte activation.'*”” 

IL-2 can induce the proliferation of lymphocytes in vitro”? 
and in vivo” as well as stimulate cultured lymphocytes to 
produce lymphokines with a variety of regulatory effects." 
The addition of IL-2 to lymphocyte cultures can result in the 
induction of suppressor cells.™*? The activity of these stimu- 
lated lymphocytes and soluble factors may, in turn, be 
modulated by the presence of other cells and cytokines. 
Serum samples from patients receiving LAK cells and IL-2 
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contained significant quantities of y-interferon, an expected 
result given the ability of IL-2 to induce y-interferon produc- 
tion in stimulated cultures.” The interferons are potent 
suppressors of hematopoietic cell proliferation in vitro.” In 
addition, y-interferon may mediate suppression, is synergis- 
tic with other inhibitory cytokines, as well as stimulate the 
activity of a wide range of suppressive cell types.” The 
pattern of hematopoietic suppression in these treated cancer 
patients is similar to the constellation of findings in individu- 
als with aplastic anemia; in both groups, low numbers of 
progenitor colonies are associated with high levels of IL-2 
and y-interferon and lymphocyte activation)” 

Although the pathogenesis of IL-2—induced depression of 
hematopoietic proliferation remains unclear, it appears 
likely that IL-2 has both stimulatory and indirect inhibitory 
effects upon many subpopulations of cells within the lym- 
phoid cell repertoire. The suppression of hematopoiesis 
mediated by the administration of IL-2 probably represents a 
complex in vivo interplay of several regulatory lymphokines. 
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Development of Large Numbers of Mast Cells at Sites of Idiopathic Chronic 
Dermatitis in Genetically Mast Cell-Deficient WBB6F,-W/W' Mice 


By Stephen J. Galli, Naoki Arizono, Tatsuo Murakami, Ann M. Dvorak, and James G. Fox 


The normal skin and other tissues of adult mast celli- 
deficient WBBG6F,-W/W’" or WCB6F,-SI/SI° mice contain 
<1.0% the number of mast cells present in the correspond- 
ing tissues of the congenic normal (+ / +) mice. As a result, 
genetically mast cell—deficient WBB6F,-W/W" or WCB6F,- 
SI/SIf mice are widely used for studies of mast cell differ- 
entiation and function. We found that mast cells developed 
at sites of idiopathic chronic dermatitis in WBB6F,-W / W“ 
mice and that the number of mast cells present in the skin 
of WBB6F,-W/W* mice was proportional to the severity of 
the dermatitis (in ear skin, there were 33 + 4 mast 
cells/mm? of dermis at sites of severe dermatitis v9 + 3 at 
sites of mild dermatitis, 0.8 + 0.3 in skin without dermati- 
tis, and 100 + 7 in the normal skin of congenic WBBG6F,- 
+/+ mice; in back skin, the corresponding values were 2.0 


ITAMURA AND HIS ASSOCIATES reported that 

WBB6F,-W/W* mice, which were known to exhibit 
macrocytic anemia, sterility, and a lack of hair pigmenta- 
tion,’’ were also profoundly deficient in tissue mast cells.’ 
The skin of adult W/W" mice contains <1% the number of 
mast cells present in the skin of the congenic normal (+/+) 
mice, and no mast cells whatsoever have been detected in the 
following organs/sites: bone marrow, spleen, thymus, brain, 
heart, lung, kidney, bladder, liver, stomach, small intestine, 
cecum, mesentery, peritoneal cavity, or hindlimb skeletal 
muscle” 

The gene products affected by the mutations in W/W" 
mice and the precise mechanisms by which these mutations 
produce mast cell deficiency are unknown.®”"° But it has 
been demonstrated that W/W" mice provide a hospitable 
environment for the differentiation/maturation of mast cells 
from competent, genetically compatible precursors. These 
include bone marrow cells derived from WBB6F,-+ /+ or 
C57BL/6-bg'/bg' mice as well as cultured, growth factor— 
dependent mast cells derived from these animals.°7°"" In 
addition to demonstrating that the mast cell deficiency of 
WBB6F,-W/W* mice reflects a quantitative and/or qualita- 
tive abnormality of bone marrow-derived mast cell precur- 
sors, the finding that bone marrow cells or cultured mast cells 
derived from WBB6F,-+/-+ mice can restore mast cell 
populations to W/W’ mice greatly increases the value of 
these mutants for studies of mast cell biology.”"! 

In part because a profound deficiency of mast cells has 
been regarded as a stable aspect of the phenotype of adult 
WBB6F,-W/W* mice, these mutants and their normal (+ / 
+) littermates have been used in a wide variety of investiga- 
tions concerning mast cell function in immediate- and 
delayed-type hypersensitivity reactions, parasite immunity, 
acute inflammation, thromboembolic phenomena, reparative 
processes, and tumor biology.*”'® We now report that W/W“ 
mice can develop significant populations of cutaneous mast 
cells in association with a form of idiopathic chronic dermati- 
tis that occurs in mice of the CS7BL/6 and related genetic 
backgrounds. This finding underscores the need to ascertain, 
in studies using mast cell-deficient mice for evaluation of 
mast cell biology, whether the particular experimental model 
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+ 0.6, 1.1 + 0.9, 0.025 + 0.025, and 26.2 + 3.2). The 
development of mast cells was a local, not systemic, 
consequence of the dermatitis. Thus, WBB6F,-W/W" mice 
with severe dermatitis lacked mast cells in skin not show- 
ing signs of dermatitis and also in the peritoneal cavity, 
stomach, cecum, and tongue. Idiopathic chronic dermatitis 
was not associated with the local development of mast 
cells in WCB6F,-SI/SI° mice, a mutant whose mast cell 
deficiency is due to a mechanism distinct from that of 
WBB6F,-W/W" mice. These findings may have implica- 
tions for understanding the nature of the mast cell defi- 
ciency in WBB6F,-W/W* and WCBE6F,-SI/SI* mice and for 
the use of these mutants to analyze mast cell differentia- 
tion and function. 

è 1987 by Grune & Stratton, Inc. 


used can induce the development of mast cells in the W/W" 
mice. It also may have implications for understanding the 
mechanism of mast cell deficiency in these mutants. Some of 
our results have been reported in abstract form. 


MATERIALS AND METHODS 


Mice. Male mast cell-deficient W/W” mice and their normal 
(+/+) littermates (WB/ReJ-W/ + x CS7BL/6J-W"/ + )F-OW/ 
W“, +/+) and male mast cell-deficient SI/SP mice and their 
normal (+/+) littermates (WC/ReJ-SI/+ x CS7BL /65-SP/ 
+)F,-(SI/SI, +/+) were purchased from the Jackson Laborato- 
ries, Bar Harbor, ME, at 4 to § weeks of age. One group of pooled 
littermate WBB6F,-(W/W", +/+) mice and a group of pooled 
littermate WCB6F,-(SI/SI*, + / +) mice were housed at the Beth 
Israel Hospital (BIH) Animal Care Facility. Another group of 
pooled littermate W/W” and congenic + / + mice were housed at the 
Massachusetts Institute of Technology (MIT) Animal Care Facili- 
ty. Both facilities are fully accredited by the American Association 
for Accreditation of Laboratory Animal Care (AAALAC), and the 
mice were maintained in accordance with guidelines established by 
the BIH and MIT Committees on Animal Research and those 
prepared by the Committee on Care and Use of Laboratory Animals 
of the Institute of Laboratory Animal Resources, National Research 
Council (DHHS publication 86-23, revised 1985). 
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Development of chronic dermatitis. Mice of the CS7BL/6 and 
related strains develop a noncontagious and progressive severe 
dermatitis, apparently unrelated to known infections or nutritional 
factors? Murphy" reported that SI/SI° and W*/W* mutants were 
more susceptible to the development of such dermatitis than the 
congenic normal (+/+) animals. The dermatitis characteristically 
becomes apparent in older mice and presents as areas of erythema, 
hair loss, and cutaneous thickening, sometimes associated with the 
development of ulceration, that involves the skin of the ears and 
adjacent head. neck, dorsal part of the back, and axilla. >” 

Histologic assessment of dermatitis and morphological evalua- 
tion and quantitation of mast cells. Mice exhibiting evidence of 
dermatitis involving the ears and control mice with grossly normal 
ear skin were killed by cervical dislocation. The ears were then 
amputated and fixed and processed for 1-um-thick, Epon-embedded, 
Giemsa-stained sections*!*" or for transmission electron micros- 
copy“ as previously described. We also determined whether the mast 
cells that appeared at sites of idiopathic dermatitis in W/W” mice 
stained with berberine sulfate, a fluorescent cationic dye that binds 
to the heparin in the cytoplasmic granules of mature “connective 
tissue~type™ mast cells such as those normally present in the skin of 
mice." For these studies, representative skin specimens were 
fixed, processed, and stained with berberine sulfate (Sigma Chemi- 
cal Co, St Louis) as previously described’ and examined in a Zeiss 
fluorescence microscope (Carl Zeiss, Inc, Thornwood, NY) 
equipped for epiillumination. Biopsy samples were also obtained 
from areas of W/W” back skir exhibiting evidence of dermatitis as 
well as from the grossly normal back skin of W/W* and congenic 
+/+ mice. 

In some cases, additional, grossly normal tissues of W/W" mice 
with severe dermatitis were prepared for l-um sections (normal back 
skin, tongue, stomach, cecum). and toluidine blue-stained cytocen- 
trifuge preparations were made of the resident peritoneal cells. 
Peritoneal cells were collected by lavaging the peritoneal cavity with 
3 mL of Hanks’ balanced sat solution (HBSS, GIBCO, Grand 
Island, NY) containing 0.1% bovine serum albumin (Sigma). 

For quantitation of mast ceil numbers, the coded l-um sections 
were examined by light microscopy at 400 x, and the number of mast 
cells present was recorded.” The same slide was then projected onto a 
piece of paper with a Leitz Type XI C Xenon slide projector (Leitz, 
Rockleigh, NJ), and the following structures were traced: epidermal 
surface, dermal-epidermal junction, cartilage (in ear specimens), or 
panniculus carnosus (in back skin specimens). The area of dermis 
(mm?) was determined by analyzing the projected images using a 
MOP- 3 digitizer (Zeiss) interfaced to an HP86 computer (Hewlett- 
Packard Co, Palo Alto, CA).'* The area of dermis for ear specimens 
was taken as the total area of ear minus the sum of the area of 
epidermis plus the area of cartilage: for back skin specimens, the 
area of dermis was taken as the total area between the dermal- 
epidermal junction and the superficial surface of the panniculus 
carnosus. The number of mast cells was expressed as the number of 
cells per square millimeter of dermis. Differences in mast cell counts 
were examined for statistical significance by the Mann Whitney U 
test (two-tailed). 


RESULTS 


Mast cells occur at sites of chronic dermatitis in 
WBBO6F,-W/W" mice. We first examined |-um, Epon- 
embedded, Giemsa-stained sections prepared from W/W" 
mouse ears exhibiting gross evidence of dermatitis as well as 
sections of grossly normal ears from W/W’ and congenic 
+/+ mice. Based on the histologic findings, the dermatitis 
was classified as severe or mild (Fig 1). Ears with severe 
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dermatitis exhibited marked epidermal and dermal thicken- 
ing, dermal infiltration of leukocytes, and numerous mast 
cells (Fig 1A to E). By transmission electron microscopy (Fig 
1E), the ultrastructure of mast cells at sites of severe 
dermatitis in W/W” mice closely resembled that reported 
previously for normal mouse mast cells.” Moreover, these 
mast cells stained with berberine sulfate (Fig 1E, insert), a 
fluorescent dye that binds to the heparin in the cytoplasmic 
granules of mature skin mast cells." Ears with mild 
dermatitis exhibited slight epidermal thickening, little or no 
dermal thickening, sparse leukocytic infiltration, and occa- 
sional mast cells (Fig 1 F). 

We quantitated dermal mast cells in the ears of W/W" 
mice with severe or mild dermatitis as well as in the ears of 
normal W/W* or congenic +/+ mice (Table 1). Two 
different groups of pooled littermate W/W" mice were 
analyzec. One group (group A) was housed exclusively at 
BIH; these mice were killed at ~8 months of age. The other 
group (B), which included pooled littermate WBB6F,- + / + 
mice, was housed exclusively at MIT; these mice were killed 
at ~15 months of age. Approximately 50% of the W/W" 
mice in each group exhibited gross evidence of dermatitis 
involving at least one ear. By contrast, none of the pooled 
littermate +/+ mice in group B developed evidence of 
dermatitis. 

In both groups, the ears of representative normal W/W* 
mice contained rare dermal mast cells (0.8/mm? of dermis). 
This value, representing <1% of the number of mast cells 
present in the ears of the congenic +/+ mice. is in good 
agreement with previous reports.**’ However, dermal mast 
cells were increased approximately |1-fold at sites of mild 
dermatitis and 4l-fold at sites of severe dermatitis (both 
values, P < .001 v the value in normal ears of W/W* mice). 
The number of mast cells in W/W" mouse ears with severe 
dermatitis, when expressed as the number per square milli- 
meter of dermis, was significantly less than the number in the 
ears of +/+ mice (33.0 + 7.5 v 100.0 + 7.3, P < 001). But 
the distribution of mast cells in W/W’ ears with dermatitis 
was uneven, with some areas of dermis containing many mast 
cells and others containing none (Fig 1B to D). Thus, the 
concentration of mast cells in some regions of W/W" ears 
with dermatitis probably approached or exceeded that in the 
normal ears of the congenic +/+ mice. 

The development of mast cells at sites of chronic dermati- 
tis is a local, not a systemic, consequence of the dermati- 
tis. Two findings indicated that the development of mast 
cells at sites of dermatitis reflects a local consequence of the 
dermatitis. First, the number of dermal mast cells that 
developed in the ears of W/W“ mice appeared to depend on 
the severity of dermatitis. This was true whether all ears 
exhibiting similar degrees of dermatitis were pooled, as in 
Table 1, or when the three W/W” mice that exhibited 
different degrees of involvement of their two ears were 
considered separately. The extent of dermatitis (none, mild, 
severe) and mast cell counts (number per square millimeter 
of dermis) for the left (L) and right (R) ears of these mice 
were as follows: mouse 14, L: mild, 24.1, R: none, 1.5; mouse 
19, L: severe, 25.2, R: mild, 4.9; mouse 28, L: severe, 33.3, R: 
mild, 5.2 
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Fig1. (Ato E) Morphology of WBB6F,-W/W* mouse ears with severe idiopathic dermatitis. (A) Severe dermatitis affecting one side 
of the ear. The epidermis (€') on the affected side is thickened compared with that (E) on the opposite side. The thickness of the dermis, 
which extends from the epidermis to the underlying ear cartilage (open arrowheads), is greatly increased on the side with dermatitis. (B) 
Higher-magnification view of the same section showing marked epidermal hyperplasia (e') and several dermal mast cells (some indicated by 
solid arrowheads). (C) Higher-magnification view of the mast cells shown in (B). Three mast cells (solid arrows) are adjacent to small blood 
vessels (open arrowheads). At least four other mast cells are also present (solid arrowheads). (D) Another area of severe dermatitis 
showing numerous mast cells (solid arrowheads) including some (solid arrows) adjacent to small blood vessels (open arrowheads) and one 
(double-tailed arrow) within a small nerve (open arrows). (E) Ultrastructure of a WBB6F,-W/W* mast cell. Insert: Eight mast cells (some of 
them indicated by open arrows) exhibiting fluorescence after staining with berberine sulfate. (F) Ear with mild dermatitis. The epidermis 
(E') on the affected side is slightly thickened, but there is little dermal thickening (note the nearly central position of the cartilage, open 
arrowheads). Two mast cells (solid arrowheads) are shown at higher magnification in the insert. (A, magnification x 100, scale bar ~ 50 
um; B and F, magnification x 250, scale bars = 20 um; C, D, and insert in F, magnification x 630, scale bars = 10 um; E, magnification x 
7,000, scale bar = 1 um: insert in E, magnification x 140, scale bar = 50 um.) A to D and F, 1-um-thick, Epon-embedded, Giemsa-stained 
sections. 


We also selected four W/W* mice that had dermatitis and 
high mast cell counts in at least one ear (range, 20.3 to 57.7 
mast cells/mm? of dermis) and examined multiple other 
anatomic sites or organs for the presence of mast cells. No 
mast cells whatsoever were detected in the normal back skin, 
tongue, forestomach, glandular stomach, cecum, or perito- 
neal cavity of these mice. 


The number of mast cells at sites of chronic dermatitis 
varies according to anatomic site. Many of the W/W" 
mice analyzed in Table | exhibited dermatitis involving the 
cephalad regions of the back as well as the ears. We therefore 
sampled the affected and unaffected back skin of these mice 
for histologic analysis and mast cell counts. Derma! mast cell 
counts in the normal back skin of both W/W" and congenic 
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Table 1. Dermal Mast Cell Counts (per Square Millimeter of Dermis} in the Ears of Normal WBB6F,-W/ W” and WBB6F,- + / + Mice and 
in WBB6F,-W/W’ Mice With Idiopathic Dermatitis 








Group A Group B 
Genotype Dermatitis * {8 mo old} (15 mo old) Combined A + B 
w/w" None 1.0 + 1.0 (3) 0.7 + 0.4 (7) 0.8 + 0.3 (10) 
W/W Mild 3.2 + 1.4 {4) 10.2 + 3.3 (16) 8.8 + 2.7 (20) 
w/w Severe 32.7 + 5.1 (7) 33.2 + 4.7 (14) 33.0 + 3.5 (21} 
+f + None ND 100.0 + 7.3 (16) 100.0 + 7.3 (16) 








Mast cell counts were performed on 1-um, Epon-embedded, Giemsa-stained sections of ears, and the area of dermis was calculated by planimetry of 
the projected image of the slide (see the text for details). The data (no. of mast cells per square millimeter of dermis) are presented as mean + SEM (no. of 
ears). In group A, the mast cell counts in ears with mild dermatitis were not significantly different (P < 0.05) than those in normal ears of W/W* mice. All 
other comparisons within group A, group B, or the combined group were significant at the P < .001 level by the Mann Whitney U test (two-tailed). 


Abbreviation: ND, not determined. 
*The extent of dermatitis was assessed histologically. 


+/+ mice (Table 2) were lower than those in the ear skin of 
mice of the same genotype (Table 1). At sites of severe 
dermatitis, the numbers cf dermal mast cells in W/W* mice 
were significantly elevated compared with the baseline levels 
(2.0 + 0.6 v 0.025 + 0.025 mast cells/mm’ of dermis, an 
80-fold increase). Nevertheless, the number of mast cells at 
sites of severe dermatitis involving the back skin was only 6% 
of the corresponding figure for ear skin with severe dermati- 
tis (2.0 v 33.0 mast cells/mm’, respectively, P < .001). 

Chronic dermatitis is not associated with the local devel- 
opment of mast cells in WCB6F,-SUSF mice. Like 
WBB6F,-W/W* mice, WCB6F,-SI/SI" mice are semisyn- 
geneic to C57BL/6 mice, ™*?! and SI/SI* and W/W” mice are 
similar in phenotype: both have a macrocytic anemia, lack 
cutaneous melanocytes, are sterile, and exhibit a profound 
deficiency in mast cells.'*7! SI/SI* mice also spontaneously 
develop chronic dermatitis.’ ? However, the mechanisms of 
mast cell deficiency in W/W* and SI/SI* mice are dif- 
ferent?! W/W” mice have a defect of hematopoietic stem 
cells (CFU-S)?*, their mast cell deficiency (and anemia) 
can be repaired by intravenous (IV) transplantation of bone 
marrow cells derived from the congenic +/+ mice.** By 
contrast, SI/SI® mice have apparently normal hematopoietic 
stem cells.“ The mast cell deficiency of this mutant is 
thought to reflect an abnormality in the microenvironmental 
factors promoting mast cell differentiation/maturation,®?! 
and neither the anemia nor the mast cell deficiency of S1/S1° 
mice can be cured by IY transplantation of the congenic 
+/+ bone marrow cells.”! 

Twelve SI/SI* mice were sacrificed at 12 months of age: 2 


Table 2. Dermal Mast Cell Counts in Back Skin of Normal 
WBB6F,-W/W" and WBB6F,- +/+ Mice and in WBB6F,-W/W”" 
Mice With idiopathic Dermatitis 








had no evidence of dermatitis, 3 had mild dermatitis, and 7 
had severe dermatitis involving at least one ear and/or the 
adjacent neck and back skin. Virtually no mast cells were 
identified in the ear or back skin of SI/SI* mice with 
dermatitis (Table 3). In other respects (extent of epidermal 
and dermal changes, inflammatory cell infiltration), the 
histologic features of the dermatitis in SI/SI° and W/W" 
mice were similar. 


DISCUSSION 


We ‘ound that large numbers of mast cells developed at 
sites of idiopathic chronic dermatitis in W/W* mice. Several 
lines of evidence indicated that the development of mast cells 
at a site of dermatitis was a local. not a systemic, effect of the 
dermatitis. In ears with dermatitis, the number of dermal 
mast cells was greater in ears with severe dermatitis than in 
ears with mild dermatitis, and the greatest concentrations of 
mast cells in individual ears were at the sites exhibiting the 
most severe dermatitis. In a mouse with unilateral dermati- 
tis, only the affected ear exhibited increased numbers-of mast 
cells. Finally, no mast cells were detected in the normal skin, 
forestomach, glandular stomach, cecum, or peritoneal cavity 
of four W/W” mice that had large numbers of mast cells at a 
site of severe dermatitis. 

Although chronic dermatitis was associated with signifi- 
cantly elevated dermal mast cell counts in both the affected 
ears and back skin of W/W” mice, the elevation of mast cell 
numbers was greater in the ears than in back skin. Thus, 
mast cell counts were 33.0/mm* of dermis in W/W" mouse 


Tabie 3. Dermal Mast Cell Counts in Normal WCB6F,-S1/$1° 
and WCB6F,- +/+ Mice and in WCB6F,-S1/S1° 
Mice With idiopathic Dermatitis 


No. Mast Cells/mm’ of Dermis 











Genotype Dermatitis No. Mast Cells/mm’ of Dermis Genotype Dermatitis A. Ear B. Back Skin 

1. W/W. None 0.025 + 0.025 (16) 1. S1/S1° None O + 0 (4) 0.03 + 0.03 (13)* 
2. W/W“ Mild 1.1 + 0.9 (5) 2. S1/S1° Mild O + 0 (8) 0 + 0(3} 

3. W/W" Severe 2.0 + 0.6 (18)* 3. S1/S1° Severe 0.03 + 0.03 (10)* O + 0 (2} 

4. 4/4 None 26.2 + 3.2 {4)t 4. +/+ None 103.5 + 9.8 (10}+ 33.3 + 2.6 (8)t 





Mast cell counts were performed as described in the legend to Table 1 
(dermis equals the area from the dermal-epidermal junction to the 
superficial surface of the panriculus carnosus). The data, presented as 
mean + SEM (no. of biopsy samples), are from the same mice shown in 
Table 1 (combined groups A and B). 

*P < .001 v values for lines 1 or 4. 

tP < .001 v values for lines 1, 2, or 3. 


Mast cell counts were performed as described in the legends to Tables 
1 and 2. The data are presented as mean + SE (no. of ears or back skin 
biopsy samples). 

*These values reflect the identification of a single mast cell in each of 
the two groups of specimens. 

tP < .001 v any of the other values in columns A or B including the 
other vaiue for +/+ mice. 
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ears with severe dermatitis (33.0% of the corresponding 
value for normal +/+ mice) v 2.0/mm/ of dermis in W/W” 
mouse back skin with severe dermatitis (7.6% of the corre- 
sponding value for normal +/+ mice). In part, this finding 
may be related to the fact that back skin normally contains 
fewer mast cells than ear skin (26.2 v 100 mast cells/mm? of 
dermis in normal +/+ mice [P < .001], 0.025 v 0.8 mast 
cell/mm’ of dermis in normal W/W" mice [P < .1]). If the 
differences in the baseline mast cell counts in the normal ear 
and back skin of W/W" mice are taken into account, the 
elevations of mast cell numbers associated with chronic 
dermatitis are similar in the two anatomic sites (a 41-fold 
elevation over the normal value in the ear and an 80-fold 
elevation over the normal value in the back skin). The factors 
regulating the normal numbers of dermal mast cells at 
different anatomic sites are not clear, but our data suggest 
that even the apparently normal ears of old W/W" mice are 
not as profoundly mast cell deficient as is the back skin of the 
same mice. There may be an interesting parallel to this 
finding in the effect of certain W locus mutations on melano- 
cytes. Most mice with a double dose of mutations at the W 
locus totally lack cutaneous melanocytes.”> But certain of 
these mutants (eg, W/W", W*/W’) routinely or occasionally 
exhibit some pigmentation of the ear skin.” 

The etiology of the chronic dermatitis that occurs in mice 
of the C57BL /6 and related strains is unknown. >"? Attempts 
to identify conventional infectious agents have been unsuc- 
cessful,” and neither histologic nor microbiologic examina- 
tion (data not shown) of the mice used in our experiments 
revealed any clues concerning the pathogenesis of the prob- 
lem. In accord with previous studies of SI/SI* and W/W” 
mice, we found that our W/W" or S1/SI* mice developed a 
higher incidence of idiopathic dermatitis than did the con- 
genic +/+ mice. Whether the increased susceptibility of the 
mutants for the development of idiopathic dermatitis has any 
relationship to the mast cell deficiency expressed by W/W" 
and SI/SI° mice is unclear. 

The findings reported here are important for two reasons. 
First, they offer a new perspective concerning the nature of 
the mast cell abnormality expressed by W/W" mice. 
Although it is well known that the tissues of W/W" mice 
permit mast cell differentiation/maturation from competent 
precursor cells such as those derived from congenic +/+ 
mice,” our data represent clear evidence that the mast cell 
deficiency of WBB6F,-W/W* mice can undergo local self- 
repair in vivo. This finding must reflect a response of the 
small number of mast cells present in the normal skin of 
W/W" mice and/or W/W“ mast cell precursors to a dermati- 
tis-associated alteration of the W/W* skin microenviron- 
ment. It is of interest, in this context, that several investiga- 
tors have reported that mast cells of W/W” origin can be 
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generated in vitro when hematopoietic cells of W/W" mice 
are cultured in media containing high levels of interleukin 3 
and other growth factors. 7 Moreover, such in vitro analy- 
sis indicates that the relative concentrations of mast cell 
precursors in the bone marrow, spleen, and peripheral bload 
of W/W* mice are similar to those in the congenic + /4 
mice.” These findings raise the possibility that one microen- 
vironmental alteration at the sites of chronic dermatitis that 
might contribute to the local development of W/W" mast 
cells is the production of growth factors similar to those 
present in the in vitro systems. 

On the other hand, W/W” mast cells generated in suspen- 
sion cultures exhibited diminished proliferative potential in 
vitro% and failed to survive and mature after injection into 
normal W/W’ mice in vivo.’ By contrast, many of the mast 
cells present at sites of idiopathic dermatitis in W/W" mice 
were mature according to light and electron microscopic 
criteria and as judged by staining of the cytoplasmic granules 
with berberine sulfate. Thus, the local alterations produced 
in association with chronic idiopathic dermatitis resulted in 
both the marked elevation of the number of dermal mast cells 
and the expression, by these cells, of a mature phenotype. 
These effects might reflect the continuous local production of 
soluble mast cell growth/maturation factors and/or other 
significant alterations at the site of dermatitis. But whatever 
the reason(s) for mast cell development at sites of idiopathic 
dermatitis, elucidation of the mechanisms responsible for 
this effect is likely to provide additional insight into the 
nature of the mast cell defect expressed by W/W" mice. 

The second important implication of our findings concerns 
the use of genetically mast cell-deficient mice to study mast 
cell function in vivo. W/W" mice are widely used to analyze 
the roles of mast cells in diverse biologic responses.°"'"* Our 
findings show that it is critical to search for the “sponta- 
neous” appearance of mast cells at sites of inflammatory or 
pathological processes under investigation in W/W" mice, 
particularly in those studies involving models of chronic 
disease processes. It is of interest that the changes associated 
with the idiopathic dermatitis that occurred in SI/SI" mice 
apparently were unable to alter significantly the microenvi- 
ronmental defect thought to be responsible for the failure of 
mast cell differentiation/maturation in this mutant.” This 
result indicates that for certain studies of mast cell biology 
WCBE6F, (-SI/SI*, -+ / +) mice may represent a more appro- 
priate choice than the WBB6F, (-W/W*, -+ / +) animals. 
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The Proliferative Response of B Cell Chronic Lymphocytic Leukemia to 
Interleukin 2: Functional Characterization of the 
Interleukin 2 Membrane Receptors 


By Ivo Touw, Lambert Dorssers, and Bob Lowenberg 


To determine the growth properties of B cell chronic 
lymphocytic leukemia (B CLL) and to identify possible 
abnormalities thereof, we examined the in vitro action of 
interleukin 2 (IL2) in four patients. Using radiolabeled IL2 
and monoclonal antibodies reactive with IL2 membrane 
receptors we show that CLL cells, after their activation in 
vitro, express IL2 receptors of a high- as well as a low- 
affinity type, exactly as has been reported for normal T and 
B blasts. In three of the four reported:cases, CLL prolifera- 
tion (measured with *H-thymidine incorporation) depended 
on the addition of phytohemagglutinin (PHA) to activate 
the cells and IL2 (optimal concentration, 10 to 100 U 
1L2/mL). In contrast, the cells of the fourth case of CLL 
(CLL-4) proliferated in an autonomous fashion, ie, without 
a need for PHA and IL2 in culture. Specific blocking of the 
IL2-binding sites with anti-IL2 receptor monocional anti- 
bodies almost completely inhibited the proliferation of 
these cells, which indicated that functional IL2 receptors 


NTERLEUKIN 2 (IL-2) is one of the polypeptide hor- 
mones controlling the proliferation and differentiation of 
B cells via surface membrane receptors.''® Studies in our 
laboratory have focused on the role of [L2 in the proliferation 
of leukemic B cells, one of the purposes being to analyze 
whether the leukemic cells express abnormal responsiveness 
to the hormone.'! Using a colony culture technique, we have 
shown that in acute lymphoblastic leukemia (ALL) of B cell 
origin, ie, common ALL and pre-B ALL, IL2 stimulates 
proliferation, although only when additional factors derived 
from leukocyte feeder cells are present in culture as well?" 
The nature of the latter factors has not been established yet. 
In B cell chronic lymphocytic leukemia (B CLL), IL2 as a 
single stimulus induces in vitro colony formation provided 
that the CLL colony-forming cells are activated with the 
phorbol ester 12-0-tetradecanoy! phorbol-13-acetate (TPA) 
or the lectin phytohemagglutinin (PHA)."* Proliferation of 
CLL cells stimulated by IL2 and TPA has also been reported 
in ?H-thymidine @H-TdR) incorporation assays.” 

In the present study we characterize the function of the 
IL2 membrane receptors of B CLL cells by using a radiola- 
beled IL2 preparation and further analyze 1L2 responsive- 
ness in microculture. We demonstrate that in vitro activated 
CLL cells express two classes of IL2 receptors, one with a 
high affinity and one with a low affinity for IL2, a property 
that these cells share with normal activated T and B blasts.’ 
Results from the microculture experiments show that CLL 
cells of three patients require IL2 and activation by PHA for 
proliferation. On the other hand, in a fourth case, CLL cells 
proliferate without supplementation of IL2 and PHA to the 
cultures. The results of additional experiments suggest that 
the “spontaneous” proliferation of these CLL cells is in fact 
not IL2 independent but controlled by endogenous IL2. 


MATERIALS AND METHODS 


Leukemic cells. CLL cells were isolated by Ficoll-Isopaque 
(Nyegaard, AS, Oslo) separation from the peripheral blood of 
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were required for the autonomous proliferation. The dem- 
onstration of low concentrations of IL2 activity in the 
culture medium conditioned by the cells suggests that 
endogenous IL2 had been responsible for the spontaneous 
3H-thymidine uptake by the CLL cells of patient 4. How- 
ever, we were unable to extract IL2 mRNA from the cells 
(neither fresh nor after various in vitro incubations) in 
quantities detectable by Northern blot analysis that would 
prove that the CLL cells of patient 4 were actively synthe- 
sizing IL2 during culture. Thus, individual cases of B CLL are 
subject to variable growth regulation involving functional 
IL2 receptors on the cell surface: (1) after activation with 
PHA the cells respond to exogenous IL2 in a fashion similar 
to normal B lymphocytes. or (2) the cells are stimulated by 
endogenous IL2 {or an IL2-like activity) and do not require 
activation with PHA. 

& 1987 by Grune & Stratton, inc. 


patients who had not received cytoreductive therapy for at least 12 
weeks. All patients had given informed consent. T lymphocytes 
were removed by rosetting with 2-aminoethylthiouronium bromide 
(AET)-treated sheep erythrocytes followed by a second Ficoll- 
Isopaque separation.” 

The T cell-depleted leukemic cell fractions contained 97% to 
100% small lymphocytes and always less than 0.5% E rosette- 
forming cells. Peripheral blood leukocyte counts and immunotypes 
are listed in Table 1. 

Cell cultures. Proliferation of CLL cells was measured by 
7H-TdR uptake. Cells (1 x 10°} were cultured in triplicate in 
round-bottom microtiter wells (Greiner, Alphen a/d Rim, The 
Netherlands) in 100 wb culture medium. This culture medium 
consisted of Dulbecco's modified Eagle’s minimal essential medium, 
heat-inactivated fetal calf serum (6.7% vol/vol}, heat-inactivated 
horse serum (6.7% vol/vol), trypticase soy broth (6.7% vol/vol) 
supplemented with dialyzed bovine serum albumin (0.75% wt/vol), 
egg lecithin (3 x 10°° mol/L), Na;SeQ, (10° mol/L), iron- 
saturated human transferrin (7.7 x 10°° mol/L), and A-mercapto- 
ethanol (10°* mol/L) as modified from Guilbert and Iscove.” 
Additions to the cultures included 0.1% vol/vol PHA (reagent grade, 
Wellcome Reagents, Dartford. England), pure recombinant H2 


with a specific activity of 1.9 x 10° U/mg protein or approximately 
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Table 1. Hematologic Data of CLL Patients 

Peripheral Blood amuna 

Leukocyte Count re a YP: 
Patient (x 10°8/L) ig Heavy Chain ig Light Chain 
CLL-1 379 M À 
CLL-2 161 M+D K 
CLL-3 268 M+D.A,G K 

M+D 


CLL-4 152 





3 x 10% U/mol (Biogen SA, Geneva), and monoclonal antibodies 
(MoAb) reactive with 1.2 membrane receptors (see the like-named 
section). Cultures were performed in triplicate. Sixteen hours before 
harvesting the cells (Titertek cell harvester 550; Flow Laboratories, 
Irvine, Scotland), 0.1 pCi of *H-TdR (Amersham Corp, UK; 
specific activity, 2 Ci/mmol) was added to each microwell. Radioac- 
tivity was measured by liquid scintillation counting (Beckman LS 
3800, Beckman Instruments, Fullerton, CA). 

Suspension cultures of CLL cells, normal peripheral blood mono- 
nuclear cells, and Jurkat cells were performed in test tubes (1) to 
assess IL.2 activities elaborated in the culture medium (2) to extract 
RNA from the in vitro stimulated cells, and (3) to determine binding 
of radiolabeled IL2 to in vitro stimulated cells. Cells (2 x 10°/mL 
culture medium) were incubated either with PHA (0.1% vol/vol) 
plus TPA (10 ng/mL). PHA alone, or without additions. After 
various incubation periods (ranging from four hours to seven days) 
followed by centrifugation, the culture supernatants were collected, 
filter sterilized (0.22-um filter, Millipore, Bedford, MA) and stored 
at — 20°C. For the purpose of RNA extraction, the cells were washed 
twice with Hanks’ balanced salt solution (HBSS), collected in 
Eppendorf microcentrifugation tubes, quickly frozen (30 seconds) in 
liquid nitrogen and stored at — 80°C. For radiolabeled 1L2-binding 
experiments, the cells were incubated for one hour in fresh culture 
medium and washed five times with ice-cold a-medium supple- 
mented with 1% wt/vol bovine serum albumin (BSA). 

1L.2-producing Jurkat cells (a gift from Dr L.A. Aarden, Central 
Laboratory of the Red Cross Blood Transfusion Service, Amster- 
dam) were cultured in RPMI medium supplemented with 10% 
heat-inactivated FCS in T75 culture flasks (Greiner). For induction 
of IL2 mRNA the cells were cultured in the presence of PHA (1% 
vol/vol) and TPA (10 ng/mL) for six hours. After two washings 
with HBSS, the cells were collected for RNA extraction, frozen in 
liquid nitrogen, and stored at — 80°C as described earlier. 

Murine IL2-dependent (CTLL) cells (a gift from S. Knaan- 
Shanzer, Radiobiological Institute TNO, Rijswijk, The Nether- 
lands) were cultured as described.’ To estimate IL2 concentrations 
in CLL culture supernatants, 10%, 20%, and 40% vol/vol of these 
supernatants were tested for their stimulatory effects on the prolifer- 
ation of the CTLL cells. These estimations were compared with the 
proliferative response of the CTLL cells to titrated recombinant IL2 
concentrations. 

Cytogenetic analysis. Spread metaphases of cultured CLL cells 
were checked for cytogenetic abnormalities by using Q-. R-, and 
G-banding techniques.” These analyses were performed by Dr A. 
Hagemeijer and E.M.E. Smit (Department of Cell Biology and 
Genetics, Erasmus University, Rotterdam, The Netherlands). 

MoAbs reactive with IL2 receptors. Four MoAbs reactive with 
membrane receptors for IL2 were used: three of these, ie, mouse 
MoAbs anti-IL2 receptor (Becton Dickinson, Mountain View, CA) 
and anti-TAC” and rat MoAb 18 E 64” compete with IL2 for 
binding to the receptor. The fourth, rat MoAb 36 A 1.2, has been 
shown not to interfere with IL2 binding.” 

Indirect immunofluorescence. For immunologic detection of 
IL2 membrane receptors, cells were treated with anti-IL2 receptor 
MoAb and with goat antimouse immunoglobulin coupled with 
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fluorescein isothiocyanate (GAM/FITC, Nordic Immunology, Til- 
burg, The Netherlands) and analyzed on a fluorescence activated 
cell sorter (FACS 440, Becton Dickinson, Sunnyvale, CA) as 
described.” 

RNA extractions, Northern blotting, and hybridization with 
cDNA probes. RNA was extracted by two different methods 
yielding comparable amounts and quality of total RNA, ie, hot 
phenol extraction (in the presence of vanadyl-ribonucleoside com- 
plexes to inhibit RNase activity) and the guanidinium/cesium 
chloride method.” Poly(A)+ RNA was isolated by paper affinity 
chromatography using poly(U)-coated paper (Medac, Hamburg, 
Germany).** RNA was electrophoresed on formaldehyde-agarose 
gels”! and blotted onto nylon hybridization membrane (Gene Screen 
Plus, New England Nuclear, Boston}. The human IL2 cDNA used 
for hybridization was obtained from TPA-stimulated Jurkat cells 
and cloned in a G-tailed pBR322 vector (prepared and kindly 
supplied by Dr H. Pannekoek, Central Laboratory of the Red Cross 
Blood Transfusion Service, Amsterdam), The gel-purified IL2 
cDNA fragment containing nucleotides 377 to 837° was isolated 
from the vector by digestion with Psi (Boehringer, Mannheim, 
Germany) followed by polyacrylamide gel electrophoresis of the 
digest. For control hybridizations, the RNA blots were rehybridized 
with hamster actin cDNA FPstl-Ybal fragment containing the 
coding region.”* The IL2 and actin cDNA fragments were radioac- 
tively (?P) labeled by random priming using oligodeoxynucleotides, 
essentially according to Feinberg and Vogelstein.” Hybridizations 
were carried out as described.” Autoradiography using Kodak 
Xomat AR x-ray film occurred at ~ 70°C in the presence of an 
intensifying screen. 

Binding of radiolabeled IL2. Before treatment with radiola- 
beled 11.2, the cells were incubated (one hour at 37°C) in fresh 
culture medium and washed (five times with a-medium containing 
1% wt/vol BSA) to remove endogencous [L2. Then. 10° cells in 50 
uL a-BSA medium were placed in wells of medium-prewetted 
(a-BSA), millititer 96-well, $.0-um filter-bottom plates (Millipore). 
To determine the amount of specific binding, serial dilutions of pure, 
recombinant '°J-IL2 (Amersham, UK) ranging from 6.25 to 800 
pmol/L were added to the cells. The cells were incubated with the 
radiolabeled IL2 for one hour at 37°C. These conditions allow for 
optimal saturation of high- and low-affinity binding sites. To 
correct for nonspecific binding of the “I-12, incubations were also 
performed in the presence of excess (ie, thousandfold concentra- 
tions) of nonlabeled recombinant IL2. All incubations were carried 
out in duplicate. At the end of the incubation, the medium contain- 
ing the unbound radiolabeled 12 was sucked away by placing the 
filtration plates on a vacuum filtration holder (Millipore Filter 
System). Duplicate samples from the incubation medium were taken 
to determine unbound radioactivity. The cells retained by the filter 
bottoms were then washed twice with 100 uL ice-cold a-BSA 
medium. These washings were carried out rapidly (two to five 
seconds per wash) to prevent dissociation of specific IL2 binding. 
After drying (30 minutes at room temperature) the filter bottoms 
were punched out and collected in gamma counter viais. Radioactiv- 
ity was counted in a 4/200 automatic gamma counter (Micromedic 
System, Horsham, PA). The data were analyzed by using the Ligand 
computer program of Munson and Rodbard.” 


RESULTS 


Expression of IL2 receptors on the CLL cells and 
binding of radiolabeled 1L2. \2 receptors, as assessed in 
indirect fluorescence with MoAb alL.2r and flow cytometry, 
were absent or weakly expressed on the fresh CLL cells. In 
all cases IL2 receptors were maximally expressed on the cells 
after 18 hours of suspension culture in the presence of 0.1% 
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Fig 1. Flow cytometric fluorescence (histogram) analysis of 
1L2 receptors on activated CLL cells (CLL ~ 3) and activated 
normal peripheral blood T lymphocytes (PBT). After 36 hours of in 
vitro incubation in the presence of 0.1% vol/vol PHA and wash- 
ings, cells were stained with MoAb all2r and GAM/FITC. The 
dotted curve represents the fluorescence profile of the celts 
stained with GAM/FITC alone. Staining with a nonrelevant MoAb 
of the same immunoglobulin subclass as MoAb ail2r (igG1) 
revealed a fluorescence profile identical to that of the GAM/ FITC 
control. 


PHA. Flow cytometric histogram analysis indicated that IL2 
receptor densities on the in vitro activated CLL cells were 
lower than on PHA-activated normal T lymphocytes (Fig 1). 
A binding assay using '*I-IL2 was performed to determine 
the affinity and numbers of [L2 receptors on the activated 
CLL cells. For comparison, IL2 receptors on activated T 
lymphocytes were also studied. Specific binding of the radio- 
labeled IL2 was measured at concentrations ranging from 
6.25 to 800 pmol/L. Scatchard plot analysis (Fig 2) indi- 
cated that CLL cells expressed two classes of receptors 
similar to the T cells, ie, one with an affinity for IL2 in the 
picomolar range and one with an affinity in the nanomolar 
range. The data of these experiments are listed in Table 2. 
Proliferative response of CLL cells to IL2. DNA syn- 
thesis by CLL cells in culture was estimated by 3H-TdR 
incorporation at various time points for 11 days. Cells were 
cultured under different stimulatory conditions, ie, in the 
presence of PHA (0.1% vol/vol) and IL2 (50 U/mL), PHA 
alone, IL2 alone, and without these additions (Fig 3). In 
CLL cases 1, 2, and 3, PHA and IL2 were required for 
induction of proliferation. Omission of one or both of these 
components resulted in significantly less or no incorporation 
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Fig 2. Specific binding of 514L2 to activated normal periph- 
eral T lymphocytes and activated CLL cells (patient 3). T celis and 
CLL cells had been incubated in the presence of 0.1% vol/vol PHA 
for 36 hours. The data are expressed as Scatchard plots; the 
insets show the relationships between the concentrations of free 
and specifically bound '*1-1L2. 
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Table 2. Binding of Radiolabeled IL2 





High-Affinity Bindingt 








Mean Mean 
Number of Number of 
Kd Receptors Kd Receptors 
Celi Type* {pmol/L} per Cell (nmol/L) per Celt 
CLL-1 34 90 ND ND 
CLL-2 7.5 64 ND ND 
CLL-3 28 13 25 13.0 x 10° 
CLL-4 4:2 11 62.6 205% 10° 
Normal T lymphocytes ft 
Donor 1 10.4 171 28.6 41.0 x10 
Donor 2 19 154 ND ND 





Abbreviation: ND, not determined, 

*Cells had been cultured for 72 hours in the presence of 0.1% vol/vol 
PHA. 

tEstimated using the Ligand computer program of Munson and 
Rodbard.29 

tisolated from normal peripheral blood. 


of 7H-TdR. *H-TdR uptake was significantly reduced, ie, by 
45% to 77% when anti-IL2 receptor MoAb interfering with 
the IL2 binding had been added to the cultures (at their 
initiation). This confirmed that stimulation occurred 
through IL2-IL2 receptor interaction. 

In contrast, 7H-TdR incorporation by the cells af CLL-4 
was completely independent of the addition of PHA and IL2 
to the microcultures. 

To ensure that the proliferating cells of the four patients 
were indeed the leukemic cells (and not, eg, residual normal 
T lymphocytes) immunologic analysis was performed, From 
this it appeared that on day 7 of culture the ceils expressed 
the clonal phenotypes characteristic of the neoplasm (Table 
1). The cultured cells contained less than 1% T cells, as 
assessed by E rosetting and MoAb anti-T3 labeling in 
indirect immunofluorescence. Thus, T cells did not signifi- 
cantly contaminate the in vitro growth of the CLL cells, 
Leukemic cell growth was also confirmed by cytogenetic 
analysis. On day 7 of culture of the cells of CLL-1, 13 of 18 
of the spread metaphases expressed abnormal karyotypes 
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Fig 3. °H-TdR incorporation by CLL cells under different 
stimulatory conditions in microculture. (à - A), PHA (0.1% vol/ 
vol) + 50 ul IL2 (50 U/mL); (E - W), PHA alone; [5 - A} riL2 alone; 
and (O - O), no additions. Left panel shows the data of the 
experiments with CLL — 1 Comparable results were obtained 
with the cells of CLL — 2 an i CLL ~ 3. In the right panel, the data 
of °H-TdR uptake of CLL — 4 are plotted. The cells were cultured 
for 11 days. 
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including inv.(X), 22p+, and +22. In CLL-4, 30 of 31 
analyzed metaphases appeared abnormal (ie, expressing 
14q +) after seven days of culture. 

IL2 dependence was investigated by adding IL2 in 
increasing concentrations to the microcultures (Fig 4). In 
CLL-1 to -3, optimal proliferation occurred in the presence 
of 50 to 100 U 1L2/mL. On the other hand, in CLL-4, 
maximal incorporation of 7H-TdR was obtained in cultures 
without any addition of IL2. This could suggest that the cells 
of CLL-4 lacked IL2 dependence or that the cells produced 
IL2 and that proliferation was stimulated by endogenous IL2 
(see the next paragraph). On several occasions we attempted 
to establish CLL cell lines by prolonged culturing and 
refeeding of the cultures but had negative results. 

Analysis of the “spontaneous” proliferation of CLL cells 
fease 4). In CLL-1 to -3, proliferation depended on the 
presence of PHA and [L2. In contrast, in CLL-4 the rate of 
proliferation reached a maximum although no IL2 (and 
PHA) had been supplemented to the cultures (Figs 3 and 4). 
Epstein-Barr virus nuclear antigen was absent in these cells, 
which indicated that these cells had not been transformed by 
Epstein-Barr virus. We addressed the question as to whether 
spontaneous proliferation in CLL was truly IL2 independent 
or possibly mediated through endogenous IL2. 

First, we examined the effect of four different MoAbs. 
reactive with IL2 receptor determinants, on the proliferation 
of the cells of CLL-4 (Table 3). The addition of MoAbs 
alL2r, anti-Tac, and 18 E6.4, which compete with IL2 for 
receptor binding, completely inhibited °H-TdR incorpora- 
tion. In addition, incubation of the cells with MoAb 36 Al.2, 
an anti-IL.2 receptor antibody that does not block IL2 
binding, did not exert an inhibitory effect on proliferation. 
These results indicated that the IL2 receptors (and more 
specifically the IL2-binding sites of these receptors) had a 
role in the proliferation even though the cells had not been 
exposed to exogenous IL2. We hypothesized that these 
receptors were activated by endogenously produced IL2. To 
test this possibility, IL2 activities elaborated by the CLL-4 
cells in the culture medium were estimated. Media condi- 
tioned by CLL cells in suspension cultures were collected at 
various times (one to seven days) and assayed on a murine 
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Fig 4. °H-TdR incorporation by CLL cells in relation to the 
concentration of IL2 added to the cultures. The cells were 
incubated with or without IL2 for ten days. Left section, CLL — 2 
(cells were cultured in the presence of 0.1% vol/vol PHA): right 
section, CLL — 4 {celis were cultured in the absence of PHA). 
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Table 3. Effect of Four Different Anti-IL2 Receptor MoAbs 








Blocking oř °H-TdR Incorporation 

MoAb* iL2 Binding {dpm x 10 yf 
wen 4.30 + 0.29 (100) 
all 2r 4 0.04 + 0.01 (0.8) 
Anti-Tac + 0.02 + 0.01 (0.4) 
18E 6.4 4 0,12 + 0.02 {2.9} 


36 A 1.2 a 4.31 + 0.67 (100.3) 


IL2 (or PHA) was not added to the cultures. 

*Each of the MoAbs was added at saturating concentrations (as 
assessed in indirect immunofluorescence) to microcultures at the initia- 
tion of the cultures. 

tAssessed on day 8 of culture. Data are expressed as means + SD of 
triplicate cultures. Figures in parentheses represent the percentages of 
control values. 





1L2-dependent (CTLL) cell line. IL2 activities (ie, at con- 
centrations varying from 0.15 to 1.5 U/mL) were indeed 
detectable in these CLL cell-conditioned media. By compar- 
ison, PHA- and TPA-activated Jurkat cells produced 50 to 
100 U IL2/mL culture medium. 

Finally, we applied Northern analysis by using an IL2 
cDNA probe to test whether IL2 mRNA was present in the 
cells of CLL-4 (fresh and after various in vitro incubations), 
which would indicate that the cells were capable of synthe- 
sizing IL2. We were repeatedly unable to detect IL2 mRNA 
in the cells of CLL-4, even when relatively large quantities 
(ie, estimated at 2 to 5 ug) of purified, poly(A)+, mRNA 
preparations had been loaded onto the gels (Fig 8). At the 
same time, [L2 mRNAs from control cells, je, PHA/TPA- 
activated Jurkat cells, as well as from PHA-TPA-activated 
normal peripheral blood T cells, were readily demonstrated 
(Fig 5). Control hybridization of the blot with actin cDNA 
indicated that the RNA extracted from the CLL cells had 
been intact. The inability to show IL2 mRNA in cell samples 
of CLL-4 could suggest that the endogenous [L2 in the 
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Fig 5. Autoradiographs of blotted poly(A) + RNA samples 
from CLL celts, Jurkat celis, and peripheral blood T fymphocytes. 
The biot was first hybridized with a radioactive IL2 cDNA probe 
(upper section). After removal of the IL2 cDNA by highly stringent 
washings, the blot was rehybridized with actin cONA (lower 
section). Ribosomal RNA (28S and 18S) was run in a separate lane 
(stained with ethidium bromide) and used as a size marker. Lane 1, 
CLL ~ 4 after incubation (22 hours) in the presence of PHA and 
TPA; lane 2, CLL — 4 after incubation (six hours) with PHA/ TPA; 
lane 3, CLL — 4 after incubation (22 hours) without the addition of 
PHA/TPA;: lane 4, CLL — 1, after incubation (22 hours) with 
PHA/ TPA; lane 5, peripheral blood T lymphocytes after incubation 
(22 hours) with PHA/ TPA; lane 6, PHA/TPA-activated (six hours) 
Jurkat cells: lane 7. Jurkat celis, 1/10 the amount of lane 6. 
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culture media conditioned by these cells was not due to active 
production but represented an activity previously absorbed 
by the CLL cells from an exogenous source. On the other 
hand, it remains possible that the CLL cells did synthesize 
small quantities of 1L2 but that the amount of IL2 mRNA 
remained below the detection level of the Northern blot 
analysis. 


DISCUSSION 


Recently it was shown that H2 is a growth stimulator of B 
lymphocytes, and detailed information with respect to the 
responsiveness of B cells to IL2, their requirements of 
activation for the expression of membrane receptors for IL-2, 
and the binding properties of the IL2 receptors has become 
available.''° Similar studies carried out with leukemic cells 
should reveal whether the response of the cells to growth and 
differentiation stimuli has been altered as a result of neoplas- 
tic transformation. The present experiments were under- 
taken to determine the properties of FL2 receptors and the 
IL2 responsiveness of leukemic B lymphocytes, ie, in four 
cases of B CLL, and to establish whether these features were 
different from those reported for normal B lymphocytes. 

From radiolabeled IL2 binding assays it became apparent 
that activated CLL cells express two classes of IL.2 receptors, 
ie, with a high (picomolar range) affinity and with a low 
(nanomolar range) affinity (Table 2). Comparable data have 
been reported for murine B cell blasts.’ Mean densities of 
IL2 receptors per cell on the mouse blast cells appeared to be 
considerably (about 200 times) higher than those on human 
B CLL cells. On the other hand, Muraguchi et al, without 
discriminating between high- and low-affinity binding sites, 
estimated the mean numbers of IL2 receptors per normal 
activated human B cell at 320 (with a mean Kd of 457 
pmol/L). The low mean numbers of high-affinity IL2- 
binding sites per cell that we observed in CLL (ie, ranging 
from 11 to 90) could indicate that these functional receptors 
are not equally distributed over the total CLL cell population 
but concentrated on the IL2-responsive clonogenic subfrac- 
tion that comprises only a small minority (less than 0.1%) of 
the total CLL cell population.'* It should be emphasized that 
the cell suspensions had not been enriched for blast cells as 
was described by Robb et al.” This may also explain why the 
mean numbers per cell of high-affinity [L2 receptors on 
normal activated T lymphocytes that we observed were ten to 
20 times less than those reported by Robb et al for density 
gradient purified T blasts.” 

In three cases (CLL-1, -2, and -3), proliferation as mea- 
sured by 7H-TdR incorporation was stimulated by IL2. The 
optimal IL2 concentration in these cases was 50 to 100 
U/mL (Fig 4), ie, in the same order as reported for prolifera- 
tion of normal B lymphocytes.*'° For an optimal response to 
IL2 the cells of CLL-1, -2, and -3 also required activation by 
PHA. This lectin has been previously shown to activate CLL 
cells.'4°°3' In separate experiments not reported here, the 
phorbol ester TPA was used as the activation signal with 
comparable results. 

In contrast to the earlier described response pattern of 
CLL-1, -2, and -3, the cells of CLL-4 proliferated indepen- 
dently on exogenous IL2 and did not require PHA as an 
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activating factor (Figs 3 and 4). Nonetheless, after in vitro 
incubation the CLL-4 cells expressed functional IL2 recep- 
tors with a high affinity for IL2 (Table 2). Upon further 
analysis it became evident that spontaneous proliferation of 
the CLL-4 cells was most likely induced by endogenous IL2: 
specific blocking of IL2 receptors with monoclonal antibod- 
ies almost completely abrogated cell proliferation (Table 3). 
Moreover, concentrations of IL2 activity within the picomo- 
lar range were detected in the growth medium in which the 
cells from CLL-4 had been cultured. One could argue that 
this endogenous [L2 activity had been produced by activated 
contaminant T lymphocytes. For two reasons we consider 
this possibility unlikely: (a) In the fresh (T cell-depleted) 
material no T lymphocytes were detectable, and immuno- 
logic and cytogenetic analysis indicated that T lymphocytic 
cells had not expanded during culture either: (b) T lympho- 
cytes require activation (eg, by the lectin PHA) or a phorbol 
ester for IL2 production, whereas spontaneous proliferation 
of the CLL-4 cells and elaboration of IL2 into the culture 
medium occurred in the absence of PHA. Therefore it is most 
plausible to assume that indeed the CLL cells (CLL-4) 
elaborated IL2 in the culture medium. The suggestion that 
normal and transformed B cells can produce cytokines, 
including IL2, was recently raised by several investiga- 
tors.*** To investigate whether the cells of CLL-4 were able 
to synthesize IL2 we attempted to detect ILI mRNA in the 
cells, with, however, negative results (Fig 5). Thus, if the 
cells really produced IL2, they formed IL2 mRNA in a 
quantity below the detection level of the Northern analysis. 
Typically, this could be the case when only a small portion of 
the CLL cells, eg, the proliferating subpopulation under the 
applied in vitro conditions, synthesized [L2. More sensitive 
detection methods, eg, S] nuclease mapping or in situ 
hybridization techniques, will be needed to clarify this issue. 
Other explanations for the failure to detect IL2 mRNA are 
that the cells of CLL-4 produced an IL2-like activity with a 
protein structure discrepant from T cell-derived [12 or that 
the CLL cells released IL2 that had previously been 
absorbed by the cells from external sources. 

Taken together, the present experiments have established 
that the proliferation of CLL cells in vitro is regulated by IL2 
through direct IL2-IL2 receptor interaction, similar to that 
of normal B lymphoblasts. In addition, the experimental data 
could suggest that in some cases the CLL cells are capable of 
autocrine IL.2-mediated stimulation. Autocrine growth may 
be the result of neoplastic transformation, and it has been 
suggested as a mechanism of maintaining tumor cell prolifer- 
ation.” On the other hand, it has become clear that normal 
cells may be controlled by autocrine mechanisms of growth 
as well. For example, T lymphocytes proliferate in response 
to endogenous IL2.* It is unknown whether (subpopulations 
of) normal B cells may also be capable of autostimulation. 
Therefore, at the present time, it remains uncertain as to 
whether the growth characteristics of the cells of CLL-4 
represent those of a normal B lymphocytic subset or whether 
they are typical of the transformed status of the neoplastic 
cells. Irrespective of this question, it is intriguing that 
primary tumor cells from individual patients that apparently 
descended from the same type of cell (ie, early B. l¥mpho® 
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cyte) may show markedly different in vitro growth charac- 
teristics. 
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y-Interferon Alters Globin Gene Expression in Neonatal 
and Adult Erythroid Cells 


By Barbara A. Miller, Susan P. Perrine, Giovanna Antognetti, David H. Perlmutter, Stephen G. Emerson, 
Colin Sieff, and Douglas V. Faller 


Interferons have the ability to enhance or diminish the 
expression of specific genes and have been shown to affect 
the proliferation of certain cells. Here, the effect of y- 
interferon on fetal hemoglobin synthesis by purified cord 
blood, fetal liver, and adult bone marrow erythroid progeni- 
tors was studied with a radioligand assay to measure 
hemoglobin production by BFU-E-derived erythroblasts. 
Coculture with recombinant y-interferon resulted in a 
significant and dose-dependent decrease in fetal hemoglo- 
bin production by neonatal and adult, but not fetal, BFU- 
E-derived erythroblasts. Accumulation of fetal hemoglobin 
by cord blood BFU-E-derived erythroblasts decreased up to 
38.1% of control cultures (erythropoietin only). Synthesis 
of both ĉ°y/ ^y globin was decreased, since the °y/“y ratio 
was unchanged. Picograms fetal hemoglobin per cell was 
decreased by -interferon addition, but picograms total 
hemoglobin was unchanged, demonstrating that a recipro- 
cal increase in -globin production occurred in cultures 


HE DEVELOPMENTAL SWITCH from y to 8 globin 

chain production has been studied extensively as a 
model of gene regulation. An understanding of the control- 
ling elements of this switch has therapeutic implications, 
since continued synthesis of fetal hemoglobin (HbF) into 
adult life could ameliorate the clinical manifestations asso- 
ciated with hemoglobinopathies, including sickle cell disease 
and §-thalassemia.' 

HbF production by progenitor-derived erythroblasts has 
therefore been studied to determine factors involved in the 
control of y globin and 8 globin gene expression. For 
example, the presence of adherent cells may increase the 
relative amount of HbF produced by adult progenitors.’ 
Supernatant from Mo cells, a human lymphoid tumor line, 
has been found to enhance hemoglobin A synthesis by cord 
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treated with y-interferon. No toxic effect of y-interferon 
on colony growth was noted. The addition of y-interferon 
to cultures resulted in a decrease in the percentage of HbF 
produced by adult BFU-E-derived cells to 45.6% of control. 
Fetal hemoglobin production by cord blood, fetal liver, and 
adult bone marrow erythroid pregenitors, was not signifi- 
cantly affected by the addition of recombinant GM-CSF, 
recombinant interleukin 1 (IL-1), recombinant IL-2, or 
recombinant «a-interferon. Although fetal progenitor cells 
appear unable to alter their fetal hemoglobin program in 
response to any of the growth factors added here, the 
interaction of neonatal and adult erythroid progenitors 
with y-interferon results in an altered expression of globin 
genes. This supports the concept that developmental glo- 
bin gene switching can be regulated by environmental 
factors. 

è 1987 by Grune & Stratton, inc. 


blood BFU-E-derived erythroblasts.’ In addition, an un- 
characterized factor in fetal sheep serum has been shown to 
modulate HbF production in cultures of neonatal and adult 
BFU-E and of BFU-E from patients with homozygous 
-thalassemia and hereditary persistence of fetal hemoglobin 
(HPFH).*° These observations suggested that soluble factors 
elaborated by cells are capable of influencing the type of 
globin gene expressed in erythroid progenitors. 

Here, the effects of recombinant growth factors, particu- 
larly those elaborated by lymphoid cells like Mo, on HbF 
production by purified adult, cord blood, and fetal progeni- 
tors were studied to determine whether any of these factors 
are capable of modulating hemoglobin production. Partially 
purified cord blood progenitor cells were cultured with 
recombinant interleukin 1 (IL-i), IL-2, y-interferon, or 
GM-CSF, and HbF production by BFU-E-derived erythro- 
blasts was assessed by a radioligand assay. The addition of 
y-interferon resulted in a significant decrease in HbF pro- 
duction by cord blood BFU-E-derived erythroblasts to 
38.1% + 2.3% of control, but total hemoglobin production 
was unaffected. Interferon also decreased the amount of 
HbF produced by adult progenitor—derived erythroblasts but 
not those derived from fetal liver. This pattern of modulation 
of globin expression is similar to that described in fetal sheep 
sera.* Recombinant y-interferon specifically interacts with 
neonatal and adult progenitor cells by altering globin gene 
expression from predominantly y to 8 production. 


MATERIALS AND METHODS 


Cord blood, bone marrow, and fetai liver samples. Cord blood 
samples were obtained from normal full-term newborn deliveries, 
and fetal liver samples were obtained at 18 to 21 weeks’ gestation 
under a protocol approved by The Brigham and Women’s Hospital 
Human Investigation Committee and The Milton S. Hershey Medi- 
cal Center Committee on Clinical Investigation. Bone marrow 
samples were procured from normal volunteer donors after informed 
consent obtained within institutional guidelines. 
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Purification of erythroid progenitor cells. Cord blood and bone 
marrow mononuclear cells were separated on Ficoll-Paque (Pharma- 
cia Fine Chemicals, Piscataway, NJ), centrifuged, and washed as 
previously described.‘ Fetal liver was treated with 50 mg/dL colla- 
genase, type IV (Sigma Chemical Co, St Louis), and centrifuged 
over Ficoll-Paque twice as previously described.’ Adherent cells 
from all samples were depleted by overnight adherence to 100 x 
15-mm_ plastic culture dishes in Iscove’s modified Dulbecco's 
medium (IMDM) with 20% fetal calf serum.at 37°C. Nonadherent 
cells were then labeled for one hour at 4°C with optimal concentra- 
tions of antibodies that recognized precursors and mature myeloid 
and lymphoid cells to select for antigen-negative stem cells. Antibod- 
ies used to label cord blood cells included anti-Leu-1, -5b, -9, -10. 
-12, -M1, -M2, and -M3 (Becton Dickinson, Oxnard, CA); TG-1 
(gift of Peter Beverley); and 10 F7 (gift of Dr William Bigbee). 
Antibodies to label adult bone marrow cells included anti-Leu-1, 
anti~Leu-5b, Campath 1, TG-1, anti-Leu-M1, MO] (Ortho Phar- 
maceutical Corp, Raritan NJ), My-8 (gift of Dr J. Griffin), YTH 
89.18 (gift of Dr Herman Waldman), and 10 F7°; antibodies to label 
fetal liver cells included anti--Leu-1, anti-Leu-Sb, anti-Leu-10, 
anti~Leu-M1, anti-BA-1 (Hybritech, San Diego) anti-Calla (Bec- 
ton Dickinson), TG-1, and 10 F7.” Mononuclear cells were washed to 
remove excess antibody and then incubated for one hour at 4°C on 
Petri dishes coated with affinity-purified rabbit antimouse IgG, IgA, 
and IgM. Nonadherent antibody—negative cells were removed by 
swirling the plates gently. The frequency of cord blood BFU-E 
present in nonadherent cells from this purification step was 1% to 
4%, that of bone marrow BFU-E was 1%, and that of fetal liver 
BFU-E was 1% after adherence to plastic alone and up to 30% after 
panning. The final fraction cultured contained fewer than 1% 
lymphocytes and 0% to 5% monocytes. 

Analysis of hemoglobin production by radioligand assay. Par- 
tially purified mononuclear cells from cord blood, bone marrow, or 
fetal liver were cultured in 0.9% methylcellulose media containing 
30% fetal calf serum, 9.0 mg/mL deionized bovine serum albumin 
(fraction V, Sigma), 1.4 x 10°* mol/L 8-mercaptoethanol, and 2 
n/mL erythropoietin (Step I, Terry Fox Laboratories, Vancouver, 
Canada, a source without detectable burst-promoting activity). 
Recombinant generated human pl 7 IL-1 (gift of Cistron Technolo- 
gy, Pinebrook, NJ), recombinant IL-2 (gift of Biogen, Cambridge, 
MA), recombinant y-interferon (gift of Biogen), recombinant a- 
interferon (gift of Schering Corp, Bloomfield, NJ), recombinant 
GM-CSF (Genetics Institute, Cambridge. MA), or Mo cell- 
conditioned medium (Mo-CM, provided by Dr David Golde) was 
also added where indicated. In some experiments, y-interferon was 
added to culture dishes at day 0, 4, 6, 8, 10, or 12 of the culture 
period. Bone marrow and cord blood progenitors were plated at 5 x 
10° cells/mL and fetal liver at 1.5 x 10* cells/mL (adherent cell 
depleted) or 5 x 10° cells/mL (panned). Cultures were performed in 
humidified 4% CO, at 37°C for 14 days, and erythroid colonies were 
then counted. 

Approximately 50 to 100 BFU-E-derived colonies were plucked 
per sample and the average number of erythroid cells per colony 
determined. When samples were plucked in duplicate, the number of 
cells per colony differed from the average count by +5% to 20%. A 
radioligand assay of total hemoglobin or HbF in picograms per 
BFU-E-—derived cell was performed as previously described.*'° Cal- 
culations of hemoglobin content per BFU-E-derived cell were based 
on the assumption that all such cells are potential F cells. The 
percent HbF was calculated from picograms of HbF and the total 
hemoglobin cell. Reproducibility of this assay has been discussed 
previously,’® but in general, duplicate dishes or multiple assays 
performed on samples from one individual on different days yielded 
results within 10% of the mean. 
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Analysis of hemoglobin accumulation, Cy i4y ratio, and globin 
synthetic ratios in BFU-E-derived erythroblasts by urea Triton 
X-100 gel. Hemolysates from BFU-E-derived erythroblasts were 
prepared. The ratio of y to 8 chain accumulation in these erythro- 
blasts and the Sy/*y ratio with and without the addition of 
y-interferon to cultures was determined by urea-Triton X-100 gel 
electrophoresis as previously described." Assessment of hemoglobin 
synthesis was performed by incubating plucked 13-day-old BFU- 
E-derived cells with 50 Ci *H-leucine-free minimum essential 
medium with 10% dialyzed fetal calf serum overnight, electrophore- 
sis on Triton-urea gels, and autoradiography. Globin synthetic ratios 
were quantitated by densitometry. 


RESULTS 


Effect of recombinant growth factors GM-CSF, IL-1, 
IL-2, y-interferon, and a-interferon on HbF synthesis by 
cord blood BFU-E-derived erythroblasts. Cord blood 
mononuclear cells were cultured in methylcellulose with and 
without Mo-CM to determine whether the addition of this 
source of burst-promoting activity had an effect on the 
quantity of HbF produced per BFU-E-derived erythroblast. 
In three out of four cord blood samples, the percentage of 
HbF measured per BFU-E derived erythroblast decreased in 
the presence of Mo-CM (Fig 1). 

Further experiments were performed to determine which 
factor in Mo-CM was responsible for decreased HbF synthe- 
sis. Cord blood BFU-E were enriched in these experiments so 
that factors added would interact directly with progenitors 
rather than with contaminating T cells or macrophages. 
Either 5% Mo-CM, 5% recombinant GM-CSF from COS 
cell supernatant (100 g/mL, 1/100 dilution), recombinant 
IL-1 (700 ng/mL fina! concentration), recombinant [L-2 
(10 U/mL final concentration), recombinant y-interferon 
(200 U/mL final concentration) or a-interferon (2,000 U/ 
mL final concentration) was added to methylcellulose cul- 
tures on day 0. The concentration of GM-CSF was maximal 


100- 











% of Contro! HbF/Cord Blood BFU-E 
Derived Erythroblast 
D 
la] 


Control MO- GM- ILI IL2 8IFN «IFN 
CM CSF 


Recombinant Growth Factor 


Fig 1. Addition of 5% Mo-CM, 5% recombinant GM-CSF (100 
ug/mL, 1/100 dilution), recombinant IL-1 (700 ng/mL). recombi- 
nant IL-2 (10 U/mL), recombinant y-interferon (200 U/mL} or 
a-interferon (2000 U/mL) to methylcellulose cultures of purified 
cord blood BFU-E plated at 5 x 10° cells/mL. HbF content of 
14-day-old BFU-E-derived erythroblasts was measured by a 
radioligand assay. Results are expressed as a percentage of 
control HbF (cultured with erythropoietin only), and the mean +1 
SD of four experiments is shown. 
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added to cultures of purified cord blood BFU-E. The percentage of 
HbF /BFU-E-derived erythroblast was calculated from a radio- 
ligand assay for fetal and total hemoglobin. 


for stimulation of erythroid colony growth. IL-1 was used at 
two different concentrations, 700 ng/mL and 2800 ng/mL, 
both at plateau concentrations for the stimulation of IL- 
1-dependent cells. Results were identical, and data are 
shown for the addition of 700 ng/mL. The concentration of 
IL-2 was on the plateau for support of [L-2—dependent cells, 
and y-interferon (at 200 U/mL) was added at five times the 
amount required for maximal induction of class I major 
histocompatibility complex proteins on K562 cells. Results of 
experiments on four cord blood samples are summarized in 
Fig 1. To allow for comparison of four separate experiments, 
the percentage of HbF measured in all experimental groups 
was expressed as a percentage of the control (erythropoietin 
only). Mo-CM in the culture medium decreased HbF pro- 
duction to 75% of control, but the standard deviation was 
large. The addition of GM-CSF, IL-1, IL-2, or a-interferon 
to cultures resulted in the production of HbF that was not 
significantly different from the control. However, the per- 
centage of HbF measured in BFU-E-derived erythroblasts 
incubated with y-interferon was reduced to 38.1% + 2.3% of 
control, a significant reduction. 

To determine whether this effect was dose related, recom- 
binant y-interferon at 0 to 200 U/mL was added to methyl- 
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cellulose cultures of partially purified progenitors. Results of 
two experiments are shown in Fig 2. The dose response to 
y-interferon was greatest in the range of 0 to 20 U/mL, and 
maximal effect was nearly achieved at 100 U/mL. 

The number of BFU-E-derived colonies and the number 
of cells/BFU-E-derived colony were determined in experi- 
ments to which recombinant growth factors were added. 
Results of three experiments are shown on Table 1. None of 
these growth factors affected progenitor proliferation at the 
concentration at which they were used here. 

The picograms of HbF and total hemoglobin measured by 
radioligand assay of lysates from BFU-E-derived erythro- 
blasts cultured with and without y-interferon are shown for 
experiments on three cord blood samples in Table 2. 
Although the quantity of HbF in picograms per cell 
decreased with the addition of y-interferon, no change in 
total hemoglobin content per cell was noted, which indicated 
a reciprocal increase occurred in the amount of 8 globin 
produced as the amount of y globin decreased. 

Effect of y-interferon on globin synthesis by cord blood 
BFU-E-derived erythroblasts measured by *H-leucine 
incorporation, Additional experiments were performed to 
determine whether the effect of y-interferon on the synthesis 
of HbF by BFU-E-derived erythroblasts occurred through- 
out colony maturation and hemoglobin synthesis. Partially 
purified cord blood BFU-E were cultured for 14 days with 
and without the addition of 200 U/mL y-interferon added at 
day 0. The percentage of HbF produced over the entire 
culture period was measured by radioligand assay and by 
globin chain electrophoresis, and the percentage of y chains 
synthesized on days 13 and 14 was measured by ’H-leucine 
incorporation. 

Results of three experiments are shown in Table 3. A 
decrease in y globin accumulation for the 14-day culture 
period was noted after y-interferon addition by measurement 
with both urea~Triton X-100 gel electrophoresis and radio- 
ligand assay. The mean percentage of HbF after y-interferon 
addition on day 0, measured by radioligand assay, was 
60.6% + 2.9% of control cultures, less of an effect than noted 
in initial experiments. These differences may result from 
differences in individual cord blood samples or different 
y-interferon lots. A marked decrease in y globin synthesis 
was also noted by measurement of *H-leucine incorporation 
by BFU-E erythroblasts on days 13 and 14 of culture. The 





Table 1. Effect of Recombinant Growth Factors on Cord Blood BFU-E—Derived Colony Growth 














Exp 1 Exp 2 Exp 3 
Cells/ Celts/ Cells/ 
Factor BFU-E* BFU-Et BFU-E* BFU-Et BFU-E* BFU-Et 
IMDM Control 232 +3 8.7 47 +4 2.5 104 +4 7.2 
Mo-CM 290 +9 5.3 50 +5 6.8 120 + 12 4.3 
GM-CSF 250 +9 8.9 50 +3 3.5 1212-9 6.6 
IL-1, 700 ng/mL 274 + 25 9.3 44+ 10 3.7 136 +8 6.6 
IL-2, 20 U/mL. 272 + 30 9.6 48:7 2.6 83 +3 8.5 
IFN, 200 U/mL 262 + 12 6.8 63 + 14 2.0 





Abbreviations: Exp, experiment; yIFN, -y-interferon. 


*Mean number + 1 SD of BFU-E-derived colonies/5 x 10° enriched cord blood mononuclear cells. 


tNumber of cells x 10°/BFU-E-derived colony. 
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Table 2. Effect of yIFN on Fetal and Total Hemoglobin 
Accumulation in Cord Blood BFU-E-Derived Erythroblasts 


ee 


HbF/Cell Total Hb/Cell Percentage of Percentage of 
(pa) (pg) HbF/Cell Control 

Exp 1 

Control 10.5 31.1 33.8 

IFN 4.57 34.4 13.3 39.3 
Exp 2 

Control 29.5 43.3 68.2 

IFN 18.9 69.9 26.9 39.4 
Exp 3 

Control 16.69 32.2 51.8 

IFN 7.98 39.0 20.5 39.6 


aee 


Results from three different cord blood samples are shown. Control 
cultures contained erythropoietin only. A quantity of 200 U/mL IFN was 
added to the experimental group. Picograms fetal and total hemoglobin 
were measured by radioligand assay of lysates from 14-day-old BFU- 
E-derived erythroblasts. 


results of one experiment measuring *H-leucine incorpora- 
tion by BFU-E-derived erythroblasts with and without incu- 
bation with y-interferon is shown in Fig 3. 

The “y/*+¥ ratio was measured in two of these experiments 
by globin chain electrophoresis. The Gy/^y was 69.5% (cord 
blood sample 1) and 61.0% (cord blood sample 2) in control 
studies and 67.7% (sample 1) and 65.6% (sample 2) with 
coculture of BFU-E with y-interferon. 

Addition of y-interferon to cord blood BFU-E cultures at 
various times during incubation. y-\nterferon at 200 U/ 
mL was added to cultures of cord blood BFU-E on day 0, 4, 
6. 8, 10, or 12. BFU-E-—derived erythroblasts were harvested 
on day 14, and a radioligand assay was performed to 
determine the quantity of HbF produced. Results are shown 
in Fig 4. A marked decrease in HbF accumulation was noted 


Table 3. Comparison of HbF Synthesis/Cord Blood 
BFU-E-Derived Erythroblasts by Different Methods 


Percentage of HbF or y Globin/BFU-E -Derived Cells 
Ben enc lh it ce Sen one eNO 








Cord Blood Cord Blood Cord Blood 
Method 1 2 3 
Radioligand Assay* 
Control 72.0 47.0 79.0 
+ IFN 44.0 30.0 44.9 
Accumulation by urea-Triton gelt 
Control 57.0 40.0 — 
+ ylFN 36.0 30.0 — 
3H-leucine synthesis 
Control 53.3 42.5 39 
+yIFN 38.6 29.6 o 





*The percentage of HbF is calculated from the measurement of fetal 
and total hemoglobin present in BFU-E-derived erythroblasts by radioli- 
gand assay. 

+The percentage of globin is calculated from the measurement on a 
urea—Triton X-100 gel of y and 8 globin chains synthesized during a 
14-day culture of BFU-E~derived erythroblasts. 

tThe percentage of y globin is calculated from the measurement of 
3H-leucine incorporation by y and 8 globin chains synthesized during an 
overnight incubation of day-13 BFU-E-—derived erythroblasts, a time 
during colony maturation when B globin synthesis is normally predomi- 
nant. 
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Fig 3. Autoradiograph of globin produced by cord blood BFU- 
E. Lanes 1 and 3 represent BFU-E cultured without y-interferon; 
lane 2 shows BFU-E from the same cord blood sample cultured 
with y-interferon. 


when y-interferon was added on day 0, 4, or 6. This effect on 
HbF accumulation decreased dramatically by day 10, proba- 
bly because the majority of HbF production had already 
occurred in progenitor-derived cells at that time." After day 
12, effects of addition of y-interferon on HbF production 
could no longer be detected by measurement of accumula- 
tion. 

Effect of y-interferon on HbF production by individual 
cord blood BFU-E-derived colonies. \t is possible that 
y-interferon inhibits the growth of a hypothetical “fetal” 
BFU-E population. To test this possibility, partially purified 
cord blood BFU-E were cultured with and without y- 
interferon. On day 14 of culture, individual BFU-E from 
both groups were plucked, and the hemoglobin content was 
assessed by radioligand assay. Results are shown in Fig 5. 
When y-interferon was added to the cultures, HbF produc- 
tion was reduced from a mean + | SD of 68.5% + 25.5% to 
35.8% + 21.2% (P < .0001). Few y-interferon-treated BFU- 
E-derived colonies produced >50% y-globin, and many 
produced <25% y globin. No such BFU-E populations 


100, 
90} 
80> 


Hb F/Cord Biood 
BFU-E Derived Erythrobiast 


o 2 4 6 8 i0 12 none 


Day of Addition of %IFN 


Fig 4. Assessment of the percentage of HbF per cord blood 
BFU-E-derived cell after the addition of 200 U/mL 7y-interferon to 
cultures on day 0, 4, 6, 8, 10, or 12. BFU-E-derived colonies were 
harvested on day 14 and the percentage of HbF measured by 
radioligand assay. 
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blood BFU-E-derived colonies cultured with erythropoietin only 
(control) or with 200 U/mL y-interferon. BFU-E-derived colonies 
were harvested on day 14 and the percentage of HbF measured by 
radioligand assay. 
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Fig 6. Addition of 5% Mo-CM, 5% recombinant GM-CSF (100 
“g/mL, 1/100 dilution), recombinant IL-1 (700 ng/mL), recombi- 
nant IL-2 (10 U/mL), and recombinant y-interferon {200 U/mL or 
400 U/mL) to cultures of adherence-depleted (M, two experi- 
ments) or -purified (©, one experiment) fetal liver BFU-E. The HbF 
content of BFU-E-derived erythroblasts was measured by radio- 
ligand assay. Results are expressed as a percentage of the control 
(erythropoietin only) HbF. An average of results for two experi- 
ments with adherence-depleted progenitors is shown. 
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producing <23% y globin were seen in the absence of 
y-interferon. These results suggest a decrease in HbF pro- 
duction by all BFU-E-derived colonies. 

Effect of recombinant growth factors GM-CSF, IL-1, 
IL-2, and y-interferon on hemoglobin synthesis by fetal liver 
BFU-E-derived erythroblasts. Fetal liver mononuclear 
cells prepared by adherence depletion of macrophages (two 
samples) or by partial purification (panning, one sample) 
were cultured with and without the addition of 5% Mo-CM, 
5% recombinant GM-CSF (100 ng/mL, 1/100 dilution), 
recombinant IL-1 (700 ng/mL), recombinant IL-2 (10 U/ 
mL final concentration), or recombinant y-interferon (200 
or 400 U/mL). BFU-E-derived erythroblasts were har- 
vested on day 14 and the hemoglobin content determined by 
radioligand assay. Results are shown in Fig 6. None of these 
factors significantly affected HbF production from fetal liver 
progenitors. When y-interferon was added in a range of 0.2 
to 400 U/mL, no effect was seen (data not shown). Doses of 
200 U/mL or 400 U/mL +y-interferon, which produced a 
significant effect on HbF accumulaiion in cord blood BFU- 
E-derived cells, had no effect on HbF production by fetal 
liver. 

Effect of recombinant growth factors GM-CSF, IL-1, 
IL-2, and y-interferon on hemoglobin synthesis by adult 
BFU-E-derived erythroblasts. Partially purified BFU-E 
from normal adult bone marrow were prepared as described 
earlier and were cultured with 5% Mo-CM, 5% recombinant 
GM-CSF (100 ug/mL, 1/100 dilution), recombinant IL-1 
(700 ng/mL, final concentration), recombinant IL-2 (10 
U/mL, final concentration), or y-interferon (200 U/mL). 
The number of BFU-E-derived colonies and the number of 
cells per colony were reduced in adult samples without the 
addition of burst-promoting activity (present in Mo-CM and 
GM-CSF). Therefore, both GM-CSF and y-interferon were 
added to some of the cultures where indicated. BFU-E 
derived erythroblasts were plucked on day 14 and the 
hemoglobin content assessed by radioligand assay. Results 
are shown in Fig 7. The addition of y-interferon significantly 
decreased the quantity of HbF produced in cultures of adult 
BFU-E-derived erythroblasts, as did the addition of both 
y-interferon and GM-CSF (P < .005 compared with GM- 
CSF alone, calculated by one-way analysis of the variance). 
The addition of IL-2 resulted in a slight but not significant 
decrease in HbF synthesis. This may have resulted from 
y-interferon production by residual T cells stimulated by 
IL-2. The group to which IL-1 was added was not signifi- 
cantly different (P > .05) in HbF production from those to 
which Mo-CM or GM-CSF was added. 


DISCUSSION 


The mechanisms controlling the fetal globin switch and y 
and B globin gene regulation remain poorly understood. 
Analysis of DNA sequences in the y region of patients with 
HPFH provides strong evidence that promoter regions exist 
in the first 200 base pairs, 5’ to the y globin gene, ™!® and 
experiments with human hybrid globin genes in mouse 
erythroleukemia cells (MEL cells) suggest that DNA 
sequences regulating 8 globin gene expression are located $ 
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Fig 7. Addition of 5% Mo-CM, 5% recombinant GM-CSF (100 
“g/mL, 1/100 dilution), recombinant IL-1 (700 ng/mL), recombi- 
nant IL-2 (10 U/mL), recombinant y-interferon {200 U/mL), or 
GM-CSF plus y-interferon to cultures of purified adult bone 
marrow BFU-E. The HbF content was measured by radioligand 
assay. Results are expressed as a percentage of the control 
(erythropoietin only) HbF. The mean +1 SD of five experiments is 
shown. 


and 3’ of the transcription initiation site.'""* The evidence for 
trans- and cis-acting factors that interact with these pro- 
moter regions has recently been reviewed,” but none of 
these factors has yet been identified. 

Several in vivo transplantation experiments suggest that 
hemoglobin switching is largely controlled by mechanisms 
intrinsic to the stem cell?’ Other in vivo studies demon- 
strate environmental influences do play a role. For example, 
transplantation of fetal cells into adult sheep results in 
synthesis of adult hemoglobin.” The y-to-8 globin switch is 
delayed in 80% of infants of diabetic mothers.” Several 
factors, including erythroid potentiating activity’ and factors 
produced by adherent cells,’ can affect HbF synthesis in 
culture. A factor present in fetal sheep sera was found to 
inhibit HbF synthesis in cultures of BFU-E from 8`- 
thalassemia patients,’ HPFH patients,” normal adults, and 
neonatal blood’ but had no effect on fetal liver progenitors.’ 
The y-to-8 globin gene switch in BFU-E~-derived erythro- 
blasts from infants of diabetic mothers and premature 
infants is inhibited by the addition of sodium butyrate to 
cultures.” These observations show that interactions 
between progenitors and the inductive environment can 
affect HbF synthesis. 

Here, we confirm earlier reports that a factor in Mo-CM 
has the ability to reduce HbF synthesis in culture of BFU- 
E-derived erythroblasts. We tested the recombinant growth 
factors GM-CSF, IL-1, IL-2, y-interferon, and a-interferon 
to determine whether one of these cytokines was responsible. 
Recombinant y-interferon significantly decreased HbF pro- 
duction in cord blood BFU-E~-derived erythroblasts in a 
dose-dependent manner. This decrease resulted from an 
absolute decrease in HbF production and a reciprocal 
increase in adult hemoglobin production. HbF production 
was most dramatically affected when y-interferon was pres- 
ent early in the culture period (Fig 4), as would be expected 
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since HbF is synthesized first in culture. However, even at 13 
days of culture, HbF synthesis was reduced, as shown by 
3H-leucine incorporation studies (Table 3). Assays of indi- 
vidual BFU-E-derived colonies after y-interferon addition 
suggest that y-interferon decreases the ability of all progeni- 
tor-derived colonies to produce HbF (Fig 5). The possibility 
that a “fetal” population is suppressed by y-interferon and 
an “adult” population recruited seems unlikely because after 
y-interferon addition the number of BFU-E was unchanged 
and all BFU-E-derived colonies still produced greater than 
10% HbF, which is above the normal adult range («10% 
HbF). 

These data suggest that y-interferon may play a role in the 
fetal globin switch. y-Interferon production has been shown 
to be decreased in neonatal cells relative to adult cells due to 
both a decreased intrinsic capacity for y-interferon produc- 
tion and to differences in regulatory mechanisms.’’* 
Whether the increased ability to produce y-interferon during 
maturation of the fetus correlates with the decrease in HbF 
synthesis is unknown. y-Interferon had no effect on HbF 
production by BFU-E-derived erythroblasts from fetal liver. 
This suggests that a property intrinsic to the fetal liver 
BFU-E or cells derived from it determines the early HbF 
program. However, in the neonate and adult, progenitor- 
derived cells are now susceptible to environmental interac- 
tions such as those with y-interferon, thereby leading to a 
decrease in HbF production. Because purity of the progeni- 
tor cells is not absolute, the possibility that y-interferon acts 
indirectly through nonprogenitor cells, which differ in the 
fetus compared with the neonate and which are responsible 
for differences observed, could not be ruled out. The effects 
of y-interferon on HbF production are remarkably similar to 
those of fetal sheep sera previously reported by Papayanno- 
poulou et al.*° Both decrease HbF production by neonatal 
and adult but not fetal BFU-E-derived cells, and both have 
an effect on y and ^y production.’ Whether y-interferon is 
partly or wholly responsible for the switching activity in fetal 
sheep sera is not clear but seems unlikely because interferons 
have been shown not to work across species barriers.” 

The mechanism(s) by which y-interferon decreases y 
globin production is not yet clear. Interferons exert effects on 
cells by binding to specific high-affinity receptors located on 
the cell surface, and this interaction is followed by activation 
of certain genes and decreased expression of others."°”’ It has 
recently been shown that endogenous interferon produced 
during the differentiation of mouse erythroleukemia cells is 
in part responsible for decreased c-myc RNA synthesis and 
the arrest of cell proliferation observed during differentia- 
tion.” Production of and response to endogenous interferon 
takes place during the colony stimulating factor (CSF)- 
1--induced differentiation of normal bone marrow precursors 
to macrophages.” A role of endogenous interferon in ery- 
throid differentiation may also exist. Recombinant y-inter- 
feron has been reported to inhibit the proliferation of 
hematopoietic progenitors in a dose-dependent manner in 
short-term and long-term cultures, although the plateau was 
reached at much higher concentrations than those used 
here.’ Recombinant y-interferon has also been reported to 
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synergistically inhibit CFU-GM in combination with lym- 
photoxin.** The role of y-interferon as a natural regulator of 
hematopoietic differentiation and HbF production in vivo 
requires further investigation, particularly into whether 
changes in chromatin structure are involved or required for 
this “environmental” effect.” 

In summary, coculture with recombinant y-interferon 
results in decreased HbF synthesis by neonatal and adult but 
not by fetal BFU-E-derived erythroblasts, and this decrease 
is dose dependent. Synthesis of Sy, ^y, and 8 globin is 
affected throughout the period of hemoglobin production. 
During late fetal development, erythroid progenitors appear 
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to acquire the capacity to respond to factors in their environ- 
ment by altering their pattern of globin gene expression. 
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T Lymphocytes Lack Rearrangement of the bcr Gene in Philadelphia 
Chromosome- Positive Chronic Myelocytic Leukemia 


By Claus R. Bartram, Anand Raghavachar, Bernd Anger, Christoph Stain, and Peter Bettelheim 


To study the possible involvement of T lymphocytes in 
Philadelphia chromosome (Ph)-positive chronic myelocytic 
leukemia (CML) we analyzed the arrangement of the ber 
gene in T cell and non-T cell samples of 12 CML patients. 
Although all the patients showed ber rearrangements in 
non-T cell fractions, T cell populations lacked respective 
gene recombinations. Moreover, by Southern blot analyses 
using T cell receptor 8 chain sequences our data indicate 
polyclonality of T cell samples from 11 of 12 cases; in one 


HRONIC MYELOCYTIC LEUKEMIA (CML) orig- 

inates in a pluripotent hematopoietic stem cell that 
gives rise to granulocytes, eosinophils, basophils, erythro- 
cytes, megakaryocytes, monocyte/ macrophage cells, and B 
lymphocytes.” This clonal nature of CML has been mainly 
established by cytogenetic and glucose-6-phosphate dehy- 
drogenase (G6PD) isoenzyme amalyses. 

The extent to which T lymphocytes are involved in the 
malignant process is still a matter of controversy. The 
majority of peripheral blood T cells responding to mitogen 
have not shown the Philadelphia (Ph) chromosome and are 
polyclonal by G6PD analyses.*° On the other hand, rare 
reports on T cell blast crisis,“'? Ph-positive T cells obtained 
from multilineage colonies,” or clonal G6PD patterns in T 
cells of CML patients’? indicate that the T lineage may be, 
albeit rarely, involved in Ph-positive CML. 

In this report we addressed this topic by an alternative 
approach that is neither dependent on in vitro stimulation of 
respective cell populations nor restricted to the limited 
number of patients suitable for G6PD analyses. Proceeding 
from (1) the molecular hallmark of Ph-positive CML, ie, a 
rearrangement between c-ab/ and ber genes, and (2) T cell 
receptor sequences as a unique clonality marker'® we investi- 
gated T cell and non-T cell fractions of 12 Ph-positive CML 
patients by Southern blot analysis. 


MATERIALS AND METHODS 


Patients. After informed consent was given peripheral blood 
samples were obtained from 12 Ph-positive CML patients. Some 
clinical data are listed in Table 1. Ten patients were in chronic phase 
at the time of study, from | to $9 months after diagnosis. Patient 4 
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patient a clonal T cell population could be identified. These 
results suggest that T lineages of most Ph-positive CML 
patients are not derived from pluripotent stem cells 
involved in leukemogenesis and thus confirm previous 
investigations based on cytogenetic or glucose-6-phos- 
phate dehydrogenase analyses. The demonstration of poly- 
clonal T cell populations may reflect persistence of stem 
cells committed to differentiate only into T cells. 

e 1987 by Grune & Stratton, Inc. 


had been in an accelerated state for 3 months. Cytogenetic analyses 
showed a standard translocation (9:22) in these 11 cases. Patient 11 
developed lymphocytic blast crisis 3 weeks prior to the investigation, 
and a bone marrow specimen showed 50% blasts of common acute 
leukemia antigen (CALLA)+ phenotype and a genotype character- 
ized by monoclonal Igew rearrangement as well as CT@ germline 
configuration; besides showing 40% of the metaphases exhibiting a 
(9:22), 60% of the blasts revealed additional chromosome aberra- 
tions, ie, trisomies 8 and 12. 

Isolation of cell samples. Peripheral blood mononuclear cells 
(PBMC) were isolated by gradient centrifugation on Ficoll-Paque 
(Pharmacia Fine Chemicals. Uppsala Sweden). PBMC (1.2 to 
1.8 x 10’/mL.) were mixed with an equal volume of neuraminidase- 
treated (0.2 U Vibrio cholerae neuraminidase/mL, Behringwerke, 
Marburg. FRG) sheep erythrocytes (5% in RPMI). Thereafter the 
cells were centrifuged on Ficell-Paque for 30 minutes at 1,800 rpm 
at room temperature. Interphase cells were washed twice and 
applied as the non-T cell fraction in Southern blot analysis. Contam- 
ination of this cell fraction with T lymphocytes never exceeded 2% as 
confirmed by staining with monoclonal antibody (MoAb) TII 
(Ortho Pharmaceutical, Raritan, NJ). 

After lysis of rosetted sheep erythrocytes, T cells obtained from 
the pellet were analyzed for purity by TI} staining. In cases 
exhibiting <97% purity, cell fractions were incubated with MoAb 
VIM-D5 (20 we /mL., kindly provided by W. Knapp. Vienna), for 45 
minutes at 4°C and consequently exposed to undiluted rabbit 
complement (Behringwerke) for 90 minutes at 37°C. After this 
procedure, the purity of T celi sampies exceeded 98% as confirmed 
by indirect immunofluorescence staining with MoAb T11. 

Southern blot analysis. DNA was extracted from T and non-T 
cell populations by standard techniques. Ten micrograms of DNA 
was digested with appropriate restriction enzymes (Boehringer 
Mannheim, FRG), electrophoresed on a 0.7% agarose gel, and 
blotted and hybridized as described.) \-DNAs were included as 
molecular weight standards (not shown). Bg/Il-digested DNA was 
hybridized to a 2-kb BglIl/ Hind 5 ber probe” that detects a 5-kb 
germline fragment, and EcoRI or BamHI digests were hybridized to 
CTS sequences!" detecting 4.2- (T82) and 12-kb (TBI) or 23 kb 
(T81 + T82) germline fragments, respectively. Filters were exposed 
to XAR-2 films (Kodak, Rochester, NY) for 12 hours at —70°C 
with intensifying screens. 


RESULTS 


Southern blot analyses revealed a rearrangement of the 
ber gene in non-T cell populations of all Ph-positive CML 
patients (Fig 1, lane a). However, respective T cell fractions 
lacked rearranged ber sequences (Fig 1, lane b). Long time 
exposures (up to 3 weeks) of the filters also failed to exhibit 
rearranged ber bands in all T ceil populations (not shown). 
Taking into account the detection limits of Southern blot 
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Bcn CONFIGURATION IN T CELLS OF CML 


Table 1. Clinical Data of CML Patients 








Age Time After 

No Sex (yr) Diagnosis (mo) 

1 M 56 10 

2 M 44 4 

3 F 29 1 

4 F 54 69 

5 F 58 4 

6 M 53 1 

7 F 79 1 

8 F 68 59 

9 F 22 5 
10 F 57 10 
11 F 59 9° 
12 F 25 42 











*In blast crisis. 


analyses (~1% clonal cells) the presence of a Ph transloca- 
tion is virtually ruled out for more than 99% of the T cells 
studied in each case. In case 11, a faint hybridization signal 
of the rearranged fragment in the T cell sample represents in 
all likelihood a contamination with non-T cells (3%) since 
these cells had not been lysed after E rosetting. Moreover, 
the alternative explanation that a minor subset of T cells is 
characterized by a ber rearrangement appears to be less 
likely because T8 gene analyses (see the following para- 
graphs) demonstrated a clonal relationship of all T cells. 
Southern blots showed a germline configuration of T cell 
receptor 8 chain genes in all non-T samples, as expected (Fig 
2, lane a). T cell populations of 11 cases exhibited only the 
4.2-kb germline band, whereas the 12-kb fragment was 
absent. BamHI digests failed to detect rearranged fragments 
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Fig 1. Southern blot analyses of non-T (a) and T cells (b) 
obtained from 12 Ph-positive CML patients. Bg/ll digests (10 ug) 
were hybridized to a 5’ ber probe detecting a 5-kb germline 
fragment. 
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Fig2. Southern blot analysis of non-T (a) and T cells (b) from 


12 Ph-positive CML patients. EcoRl-digested DNAs (10 ug) were 
hybridized to CT sequences that detect 4.2-kb and 12-kb germ- 
line bands. Arrow points to a rearranged fragment in T cells from 
patient 11. 


(not shown). This configuration is observed in polyclonal T 
cell populations.'™'’ The reason for the loss of the 12-kb band 
in polyclonal T cells as compared with the 4.2-kb band is 
evident from an EcoRI restriction site just before C82 
sequences. Thus the site of the 4.2-kb EcoRI fragment 
bearing the C82 gene does not move, even in the case of C82 
rearrangements. 

Surprisingly, a monoclonal T8 gene rearrangement was 
observed in T cells of patient 11 (Fig 2, lane | 1b); this result 
was confirmed for BamHI digests (not shown). Leukemic 
blasts of this patient showed a B cell phenotype and genotype 
as well as the rearranged bcr fragment (Fig |, lane | 1a). On 
the contrary, T cells showed neither ber nor IgCy rearrange- 
ments. Moreover, the clonal T genotype contrasts with the 
phenotypic analysis of this T cell fraction that shows no 
restriction to a specific T cell subset (terminal deoxynucleoti- 
dyl transferase [TdT] —, T, +. Ty +/Ts+ in normal ratio). 


DISCUSSION 

Ph-positive CML is molecularly characterized by a re- 
arrangement of the c-ab/ oncogene and a gene provisionally 
called ber.!*?™ As a consequence of this genomic recombina- 
tion on the Ph chromosome, CML cells transcribe a chimeric 
8.5-kb RNA species consisting of both 5’ ber and c-abl 
sequences,”'” This molecule is translated into a p210 c-ab/ 
protein that differs from the normal p145 abl counterpart as 
to associated tyrosine kinase activity.” 

In this study we used sequences of the ber gene as a 
specific molecular marker for Ph-positive CML and investi- 
gated a possible involvement of T cells in leukemic cell 
populations. Our results indicate that T cells of all 12 
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patients lack Ph-specific ber rearrangements. This is in 
agreement with previous reports based on G6PD or cytoge- 
netic analyses.**'* However, since Southern blot analysis will 
only detect clonal populations of >1%, we cannot totally rule 
out the existence of minor, affected T cell clones. 

Several observations suggest that the generation of Ph- 
positive CML is a multistep process in which a yet-unidenti- 
fied first event causes the proliferation of pluripotent stem 
cells and a consecutive step is identified by genomic altera- 
tions associated with the Ph translocation.” To rule out the 
possibility that the T cell population of the 12 CML patients 
shows no ber rearrangement but is nevertheless clonally 
related, we performed T cell receptor 8 chain analyses on 
respective samples. With case 11 being the only exception, all 
T cell fractions showed a polyclonal pattern. 

The Tf gene rearrangement of case 11 cannot readily be 
explained. The clonal genotype of these T cells, despite 
phenotypic heterogeneity, would suggest that an immature 
thymocyte, already characterized by a specific T8 gene 
rearrangement, is nevertheless able to differentiate into 
different functional T cell subsets. From the molecular 
analyses reported here and in the absence of G6PD studies, 
we cannot settle the relationship between this T cell clone 
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and the blast cell population. One possibility would be that 
both clones originated from a common, pluripotent stem cell, 
However, it is difficult to understand how, during the evolu- 
tion of the primary stem cell clone, two different subclones 
developed and why the non-T clone led to the clinical 
manifestation of CML whereas the T cell clone appears to be 
biologically inert. 

One possible explanation for the polyclonality of T lym- 
phocytes in the majority of investigated cases could be that 
they are long-lived and antedate the development of CML. 
However, the fact that our studies were performed up to 5 
years after the onset of the leukemia favors another view. 
Thus the demonstration of polyclonal, ber rearrangement- 
negative T cells may reflect persistence of stem cells commit- 
ted to differentiate only into T cells, as already suggested by 
Fialkow et al." 
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A Killing Defect of Natural Killer Cells With the Absence of Natural Killer 
Cytotoxic Factors ina Child With Hodgkin’s Disease 


By Atsushi Komiyama, Hiroshi Kawai, Sachihiro Yamada, Masao Kato, Mitsuhiko Yanagisawa, 
Yukiaki Miyagawa, and Taro Akabane 


A killing defect of natural killer (NK) cells in the absence of 
NK cytotoxic factors (NKCF) was first demonstrated in a 
child with Hodgkin's disease. The patient lacked detectable 
NK cell activity in every phase of the disease as measured 
by a four-hour "'Cr-release assay using K562 cells as a 
target. The percent lysis at a 40:1 effector:target ratio by 
the patient's lymphocytes was persistently below 0.3% as 
compared with the normal lymphocyte value of 46.2% + 
5.8% (mean + SD). NK cell activity was not detectable at 
effector:target ratios of 10:1 to 80:1 and by prolongation of 
the incubation time, and the NK cell defect was not 
restored or improved by lymphocyte stimulation with poly- 
inosinic-polycytidilic acid, interferon (IFN)-a, or interleukin 
2 (iL 2). The numbers of Leu-7" cells and Leu-11° cells 
were normal as counted by flow cytometry. A single 


ATURAL KILLER (NK) cells are considered to be 
non-T, non-B lymphocytes' and play important roles 
in the defense against viral infections and tumor growth.”? 
NK cells can lyse a target cell through recognition, binding, 
killing, and detaching, and they repeat this lytic sequence by 
the recycling capacity.** Soluble NK cytotoxic factors 
(NKCF)*’ and NK granule cytolysin,®’ which are released 
from NK cells after contact with NK-sensitive target cells, 
are known to be involved in the killing step. 

A variety of functional defects have been documented in 
such leukocytes as neutrophils, monocytes /macrophages, T 
cells, and B cells,’ but little is known about dysfunctions of 
NK cells.''? Targan and Oseas’! demonstrated a NK cell 
defect in Chédiak-Higashi syndrome. In this syndrome, a 
relative refractoriness in initiating the postbinding lytic 
mechanism leads to the lack of NK cell activity, which was 
termed lazy NK cells. We have recently demonstrated that 
there is impaired recycling of NK cells as a cause of 
depressed NK cell activity in some types of childhood chronic 
neutropenia.” 

We studied a child with Hodgkin’s disease who lacked 
detectable levels of NK cell activity for more than 4 years, 
and we analyzed the NK cell defect. In this article, we 
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cell-in-agarose assay demonstrated normal numbers of 
target binding cells (TBCs), and they showed the morphol- 
ogy of "large granular lymphocytes.” However, there were 
no TBCs with dead targets. These results indicated that 
the patient's lymphocytes contained normal numbers of NK 
cells that were capable of recognizing and binding to a 
target but were incapable of killing the bound target cell. 
The patient's lymphocytes were then studied for their 
release of NKCF upon interaction with K562 cells. The 
patient's cells did not release NKCF, and the NK cell defect 
was not restored or improved by stimulation of the cells 
with IFN or IL 2. it is suggested that the deficient release of 
NKCF may have been related to the killing defect of the NK 
cells in this patient. 

©1987 by Grune & Stratton, Inc. 


demonstrate a killing defect of NK cells in the absence of 
NKCF. 


CASE REPORT 


A 7-year-old boy presented in January 1982 with cervical lymph- 
adenopathy. He had suffered from recurrent infections such as upper 
respiratory tract infections and otitis media since infancy. The 
family history was unremarkable. 

At presentation, there were two enlarged lymph nodes measuring 
2em x 2em x 2.Seminthe left and in the right cervical region. The 
hemoglobin level was 13.8 g/dL: the platelet count 379 x 10° wl: 
and the leukocyte count 7,400/uL with 37% neutrophils, 3% eosino- 
phils, 8% monocytes, and 52% lymphocytes. The bone marrow was 
normal. The serum IgM, IgG, and IgA levels were 57, 483, and 55 
mg/dL. respectively. Delayed hypersensitivity against candidal anti- 
gen was positive. Liver and renal function test results were normal. 
Chest x-ray films, bipedal lymphangiography, echography. and 
computerized tomography did not show mediastinal and retroperito- 
neal lymphadenopathy. A garium scan demonstrated increased 
accumulation in the left cervical region. A specimen from excisional! 
cervical lymph node biopsy revealed Hodgkin's disease of a mixed 
cellularity type. 

On March 9, the patient was started on the first of six cycles of 
MOPP, which consisted of 6 mg/m? nitrogen mustard intravenously 
(IV) on days | and 8, 1.4 mg/m’ vincristine IV on days | and 8, 100 
mg/m? procarbazine orally daily for 14 days, and 40 mg/m? 
prednisolone orally daily for 14 days. Two days later, irradiation 
(4,000 rad in total) to the bilateral cervical regions was initiated. 
The cervical lymphadenopathy disappeared within 2 weeks after the 
institution of the treatments. The patient completed the therapy by 
the end of August 1982, and he has been in complete remission for 
more than 4 years, He is doing well except for frequent episodes of 
upper respiratory tract infections. 


MATERIALS AND METHODS 


Sample preparation. Heparinized peripheral blood samples 
were obtained from the patient before, during, and after therapy. 
Mononuclear cells were separated by Ficoll-Hypaque centrifugation 
from the blood samples, depleted of monocytes by adherence, and 
used as the patient’s lymphocytes. For comparison, lymphocytes 
were obtained from six children with Hodgkin's disease ranging in 
age from 5 to I5 years: their clinical stages (An Arbor} were LA. HA, 
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or IIB, and the histologic subtypes (Rye) were lymphocytic predomi- 
nance in four and mixed cellularity in two of them. Normal 
lymphocytes were also obtained, in an identical manner, from 
healthy volunteers. 

For some experiments, lymphocytes (2 to 3 x 10°/mL) were 
incubated with 30 ug/mL polyinosinic-polycytidilic acid (poly iC; 
Calbiochem Behring, La Jolla, CA), 1,000 U/mL recombinant 
interferon (IFN)-a (Kyowa Hakko Co, Tokyo), or 1,000 U/mL 
recombinant interleukin 2 (IL 2) (Takeda Seiyaku Co, Osaka, 
Japan) at 37°C for 20 hours in a 5% CO, atmosphere. They were 
washed and used as effector cells. 

For testing the inhibition of NK cells by serum, serum samples 
were prepared from the patient and healthy volunteers. 

Surface marker analysis. Percentages of lymphocytes bearing 
Leu-7 or Leu-1 | were counted by flow cytometry using anti-Leu-7 
and anti-Leu-!] monoclonal antibodies (Becton Dickinson, Sunny- 
vale, CA). 

"Cr release assay. NK cell activity was assayed on *Cr-labeled 
K562 cells as previously described.'*"? In some experiments, normal 
lymphocytes were incubated with the patient’s serum or normal 
serum at 37°C for 30 minutes, suspended in culture medium with 
20% of the serum, and used as effector cells. Cell mixtures, prepared 
at various effector:target ratios, were brought to a l-mL final volume 
and incubated at 37°C for 4, 8, 12, 16, and 24 hours in a CO, 
atmosphere. The following equation was used to express cytotoxici- 
ty:percent lysis = [(cpm experimental release ~ cpm spontaneous 
release) /(cpm maximal release —- cpm spontaneous release}} x 100. 
All assays were set up in triplicate. 

Antibody-dependent cell-mediated cytotoxicity (ADCC) was 
similarly assayed by using a target of Raji cells coated with rabbit 
anti-Raji antibody. 

Single cell-in-agarose assay and morphological examination of 
target-binding cells. This assay was done according to a modifica- 
tion of the method of Grimm and Bonavida** as previously 
described.” Effector lymphocytes (2 x 10° cells/mL) and unlabeled 
target K562 (2 x 10° cells/mL) were mixed, centrifuged at 500 g for 
two minutes, and incubated at 37°C for ten minutes. The cell 
mixture was added to 0.5 mL of 0.5% agarose in a liquid form. The 
cells and agarose were mixed, and 0.1 mL to 0.2 mL of the mixture 
was quickly poured onto culture plates that were precoated with 
0.5% agarose. After the cell mixture in agarose had solidified, the 
culture medium was layered and incubated at 37°C for 4, 12, and 18 
hours. After the incubation, the medium was removed, and 0.1% 
trypan blue was added. Percentages of target-binding cells (TBCs) 
and TBCs with dead targets were determined under a microscope. 

Part of the mixture of effector and K562 cells was processed for 
morphological examination of TBCs. The samples were spun in a 
cytocentrifuge (Cytospin, Shundon Southern, Elliott, IL) and 
stained with May-Griinwald-Giemsa staining. 

Preparation of cell-free supernatant containing NKCF. NKCF 
in a cell-free supernatant were prepared by the methods of Wright 
and Bonavida® and Degliantoni et al.” The patient’s and normal 
lymphocytes (5 x 10° cell/mL) were cultured at 37°C for 18 hours 
in the absence or presence of 1,000 U/mL recombinant IFN-« 
(Kyowa Hakko Co) or 1,000 U/mL recombinant IL 2 (Takeda 
Seiyaku Co). After the culture, the cells were washed and suspended 
at a concentration of 3 x 10° cells/mL in culture medium containing 
K562 cells (6 x 10° final concentration). The cell mixtures were 
cultured at 37°C for 4, 8, 16, and 24 hours. The cells were then 
centrifuged, and cell-free supernatants were harvested and processed 
for cytotoxicity assays. 

Assay for NKCF. NKCF in the supernatants were measured by 
an 18-hour “'Cr-release assay’ using K562 cells as a target. Briefly, a 
50% concentration of the supernatant was added to “'Cr-labeled 
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K562 (5 x 10° cells/mL) in a 100-uL final volume in triplicate wells 
of microtiter plates. After an 18-hour incubation, 100 zl of phos- 
phate-buffered saline was added to each well, and 100 ul. of the 
supernatant was collected after spinning. Cytotoxicity was expressed 
by the percentage of lysis as described. 


RESULTS 


Numbers of lymphocytes bearing Leu-7 or Leu-i]. The 
numbers of Leu-7* cells and Leu-11* cells were counted in 
the patient after termination of MOPP therapy. Percentages 
(mean + SD) of Leu-7* cells and Leu-11* cells were 
14% + 2% and 10% + 2%, which were normal compared 
with the normal lymphocyte values of 18% + 8% and 15% + 
6%, respectively. 

Cell-mediated cytotoxicity as determined by *'Cr-release 
assay. NK cell activity of the patient’s lymphocytes was 
assayed once at the time of diagnosis, once during MOPP 
therapy, and on seven separate occasions during a 4-year 
period after termination of the therapy. In every assay, the 
patient's lymphocytes did not have detectable levels of NK 
cell activity against NK-sensitive K562 cells: the percent 
lysis was persistently below 0.3% at a 40:1 elfector:target 
ratio, which was below 0.6% of the normal lymphocyte value 
of 46.2% + 5.8% (mean + SD). Representative results of 
NK cell activity assays performed in February 1986 are 
shown in Table 1. 

For comparison, NK cell activity was assayed in six 
children with Hodgkin's disease at the time of diagnosis 
and/or during a 3-year period after termination of MOPP 
therapy or radiotherapy. The contro! patients’ lymphocytes 
at diagnosis had detectable levels of NK cell activity, 
although the activity was depressed in two of the four 
patients studied: the percent lysis values in the two were 
15.7% and 28.6%, which were below 2 SD of the normal 
lymphocyte value. The lymphocytes from six patients after 
termination of the therapy had normal levels of NK cell 
activity: the percent lysis ranged from 40.1% to 49.2% 
compared with the normal lymphocyte value of 46.2% + 
5.8% (mean +SD). 

The patient’s lymphocytes did not show NK cell activity at 
effector:target ratios of 10:1, 20:1, 40:1, and 80:1: the 





as 





Table 1. NK Cell Activity Against K562 








Effector 
Celis Were 
Effector Cells Stimulated With cpm* Percent Lysis 
Patient's tympho- 
cytest None 57145 0 
Poly [:C §90 + 12 0.2 
IFN 623 + 16 0.7 
iL 2 629 + 21 0.7 
Normal lymphocytes None 4,313 + 110 45.9 
Poly 1:C 5,951 + 35 66.0 
IFN 6,115 + 350 68.1 
iL 2 5,600 + 442 61.7 





*cpm spontaneous release, 570; cpm maximal release, 8.717. 
¢The cells were obtained 40 months after termination of MOPP 
therapy. 
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percent lysis values were below 0.5% at all of the effector:tar- 
get ratios. 

Next, experiments were performed to examine whether 
the patient’s NK cells could respond to in vitro poly I:C, IFN, 
or IL 2. The results are shown in Table 1. Stimulation of the 
patient’s lymphocytes with poly EC, IFN, or IL 2 did not 
significantly augment their cytotoxicity. 

The kinetics of NK cell activity of the patient’s lympho- 
cytes were tested for cytolysis against K562 target cells at a 
40:1 effector:target ratio at five time points over a 24-hour 
period. As depicted in Fig 1, the patient’s lymphocytes did 
not show cytotoxicity at any time point of the assay. This 
result certainly precluded the possibility of their delayed 
killing as a cause of the lack of NK cell activity in the 
conventional four-hour assay. The responsiveness of the 
patient’s lymphocytes to IFN was also studied under an 
identical condition. Stimulation of the patient's lymphocytes 
with IFN did not increase their cytotoxicity at any time point 
(Fig 1). 

Experiments were performed to determine whether the 
patient's serum had inhibitory effects on normal NK cell 
activity. There was no difference in cytotoxicity between 
normal lymphocytes treated with the patient’s serum and 
those treated with normal serum: the percent lysis by the 
former cells was 96.2% and that by the latter cells was 97.0% 
of the control value obtained without the serum treatment 
(Table 2). This result indicated that the lack of NK cell 
activity was not due to a serum inhibitory factor(s) but a 
cellular defect. 

ADCC of the patient’s lymphocytes was assayed against 
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Fig 1. Kinetics of NK cell activity. The patient's lymphocytes 
(O---O) and normal lymphocytes (D—-0} were mixed with "'Cr- 
labeled K562 target cells at 40:1, incubated for 4, 8, 12, 16, and 24 
hours, and assayed for their cytotoxicity. A portion of the patient's 
lymphocytes (4---A) at a concentration of 3 x 10°/mL was 
incubated with 1,000 U/mL recombinant IFN-a at 37°C for 20 
hours and processed for the cytotoxicity assay. The patient's 
lymphocytes did not show apparent cytotoxicity at any time point 
of the assay. Stimulation of the patient's lymphocytes with IFN did 
not improve the activity. These experiments were performed after 
termination of MOPP therapy. 
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Table 2. Effect of Serum on NK Cell Activity Against K562 








Effector Cells 
Effector Cells Were Treated With cpm” Percent Lysis 
Normal fymphocytes None 4,615 + 120 47.0 


4,464 + 98 45.2 
4,500 + 131 45.6 


Patient's serumt 
Normal serum 





*cpm spontaneous release, 820; com maximal release; 9,120. 
tThe serum was obtained after termination of MOPP therapy. 


Raji cells that were coated with anti-Raji antibody when the 
patient was not receiving therapy. The patient’s lymphocytes 
had normal levels of cytotoxicity against the target: the 
percent lysis (mean + SD) was 21.4% + 2.6% as compared 
with the normal lymphocyte value of 26.3% + 3.6% ata 20:1 
effecter:target ratio. 

NK cell activity as determined by single cell-in-agarose 
assay and morphology of TBCs. Because NK cells kill 
target cells after binding to them, experiments were per- 
formed after termination of MOPP therapy to determine 
whether the patient’s lymphocytes contained NK cells capa- 
ble of binding to K562 (TBCs) and, if present, whether they 
could kill them (TBCs with dead targets) at the single-cell 
level. In the patient’s lymphocytes, the percentage of TBCs 
was normal: the value (mean + SD) was 9.3% + 2.0% as 
compared with the normal lymphocyte value of 8.3% + 1.3%. 
There were no TBCs with dead targets, however, after 
incubation for 4, 12, and 18 hours in the patient's lympho- 
cytes: the value was below 1% of TBCs as compared with the 
normal lymphocyte value of 25.6% + 3.2% (mean + SD) 
after a four-hour incubation. 

Since NK cells are morphologically identifiable as large 
granular lymphocytes,'* morphological observations were 
performed to examine whether TBCs had the morphology of 
NK cells. Most of the patient's TBCs as well as normal TBCs 
contained azurophilic granules in the abundant cytoplasm. 
Thus these results provided a line of evidence for an NK cell 
origin of the patient's TBCs that were present in a normal 
number and were capable of recognizing and binding to 
K562 cells but were incapable of killing them. 

NKCF release. NKCF activity was measured by an 
18-hour *'Cr-release assay on K562 cells. The results are 
shown in Fig 2. The patient’s lymphocytes did not release 
detectable levels of NKCF activity at several time points of 
the culture over a 24-hour period, which indicated a defi- 
ciency of NKCF production by the patient’s NK cells. The 
defect could not be improved by lymphocyte treatment with 
IFN or IL 2 in vitro. 


DISCUSSION 

Our patient is characteristic in persistently lacking NK 
cell activity in every phase of Hodgkin's disease, including 
the remission phase and while not receiving therapy. There 
was no restoration or improvement of the NK cell defect by 
lymphocyte treatment with poly [:C, IFN, or IL 2 in vitro. In 
this patient, we have demonstrated a killing defect of NK 
cells with the absence of NKCF. 

When NK cells work as effector cells for cytolysis, they 
first recognize and bind to a target cell,““ and then the NK 
cells kill the bound target by releasing lytic materials such as 
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Percent Lysis 





Fig 2. NKCF activity as measured by an 18-hour *'Cr-release 
assay on K562 cells. The patient's lymphocytes, at a concentration 
of 5 x 10° cells/mL, were cultured at 37°C for 18 hours in the 
absence (O---O) or presence of 1,000 U/mL recombinant IFN-a 
(a-——~A) or 1,000 U/mL recombinant it 2 (@~--@). Normal! fympho- 
cytes ({]--- 0} were cultured in an identical fashion without IFN or 
IL 2. After the culture, the cells were suspended at a concentration 
of 3 x 10° celis/mL in culture medium containing K562 cells 
(6 x 10° cells/mL final concentration) and cultured for 4, 8, 16, 
and 24 hours. The cell mixtures were then centrifuged, and 
cell-free supernatants were obtained. The supernatants were 
immediately assayed for NKCF activity by an 18-hour "'Cr-release 
assay using K562 cells as a target. The patient's lymphocytes did 
not release detectable levels of NKCF at any time point of culture. 
IFN and IL 2 did not have augmentation effects on the NKCF 
release by the patient's lymphocytes. These experiments were 
performed after termination of MOPP therapy. 


NKCF®*’ and NK granule cytolysin®’ that selectively lyse 
NK-sensitive target cells. Our patient had normal numbers 
of peripheral lymphocytes bearing Leu-7 or Leu-l 1 antigen, 
which is closely associated with circulating NK cells.’ In 
addition, the number of TBCs was normal, and as NK cells, 
they had azurophilic granules in the cytoplasm.'* These 
results thus indicated that the patient had normal numbers of 
NK cells capable of recognizing a target cell and binding to 
the cell. Based on the evidence, we thought that a killing step 
by the NK cells might be defective: this was indeed the case. 
At the single-cell level, there were no TBCs with dead 
targets, thereby confirming the lack of their killing capacity. 
Because NKCF is known to be involved in the killing of a 
bound target cell by NK cells.°’ we next examined the 
capacity of the patient’s NK cells to release NKCF after 
contact with NK-sensitive K562 cells. The patient’s NK cells 
totally lacked the NKCF release, and the NK cell defect 
could not be restored or improved by their stimulation with 
IFN or IL 2. It is suggested that the deficient release of 
NKCEF in this case may have been related to the killing 
defect of the NK cells. Whether the deficient release of 
NKCF is due to the absence of the factors within the cells or 
due to defective secretion of the factors remains to be studied 
further. However, the normal production.of IL | and IL 2 by 
the patient’s monocytes and lymphocytes (data not shown) 
can preclude a broad secretory defect in the patient's cells 
and may favor the former possibility. 
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NK granule cytolysin has a potent lytic activity against 
NK-sensitive target cells, and its activity is functionally 
different from that of NKCF in potency, target cell selectivi- 
ty, kinetics of cytolysis, and calcium requirement. ®? ht would 
be interesting, therefore, to study NK granule cytolysin in 
our patient. Unfortunately, we could not study it in this 
patient because it was difficult to obtain sufficient numbers 
of NK cells (large granular lymphocytes). The total absence 
of NK cell activity indicates some abnormality of NK 
granule cytolysin in the patients NK cells, although their 
cytoplasmic granules were morphologically normal, and fur- 
ther studies are expected to confirm this. 

Our patient may have acquired the NK cell deficiency as 
one of the cell-mediated immune defects in Hodgkin's dis- 
ease,’ but why he has such a persistent and profound 
immunodeficiency remains obscure. In some patients with 
Hodgkin's disease, NK cell activity is depressed before 
and/or during chemotherapy or radiotherapy'**’ but 
becomes normal after attaining complete remission or after 
termination of therapy.'’?! Actually, some of our control 
patients with Hodgkin’s disease had depressed but detectable 
levels of NK cell activity at diagnosis, and all of them had 
normal levels of NK cell activity after therapy. It is known 
that depression of NK cell activity is not related to the 
clinical stage or histological type of Hodgkin's disease”; this 
was the same in our studies. Serum inhibitory factors are 
often described in this disease,” but the possibility of such 
factors as a cause of the NK cell deficiency can be excluded 
by the absence of inhibitory effects of the patient's serum on 
the normal NK cell function, as demonstrated here. This 
result further indicates that the NK cell deficiency is a 
cellular defect in our patient. 

Alternatively, the patient may have an intrinsic cellular 
defect of NK cells. His history of recurrent infections since 
infancy appears to favor this possibility. With respect to this, 
the patient's parents and brother had normal levels of NK 
cell activity (data not shown), which provided no definite 
evidence for familial occurrence of the NK cell deficiency. 

It is noteworthy that ADCC was normal despite the 
absence of NK cell activity in our patient. Such a discrep- 
ancy between NK cell activity and ADCC has also been 
demonstrated in Hodgkin’s disease.'* These findings cer- 
tainly support the evidence that NK cells are distinct from K 
cells in ADCC,” although they have similar cellular charac- 
teristics.'*"* 

The clinical significance of the NK cell deficiency in our 
patient is of interest because NK cells provide an important 
defense against viral infections and tumor development." In 
fact, the patient has suffered from recurrent infections, 
which may be largely due to the NK cell deficiency. Further 
studies will determine whether such NK cell deficiency is 
related to the high incidence of second malignant neoplasms 
in Hodgkin's disease. 
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The Effect of ABO Blood Group on the Diagnosis of von Willebrand Disease 


By Joan Cox Gill, Janet Endres-Brooks, Patricia J. Bauer, William J. Marks, Jr, and Robert R. Montgomery 


In order to firmly establish a normal range for von Wille- 
brand factor antigen (vWF:Ag), we determined plasma 
vWF:Ag concentrations in 1,117 volunteer blood donors by 
quantitative immunoelectrophoresis. The presence of the 
ABO blood group had a significant influence on vWF:Ag 
values; individuals with blood group O had the iowest mean 
vWF:Ag level (74.8 U/dL), followed by group A (105.9 
U/dL), then group B (116.9 U/dL), and finally group AB 
(123.3 U/dL). Multiple regression analysis revealed that 
age significantly correlated with vWF:Ag levels in each 
blood group. We then performed reverse ABO typing on 
stored plasma from 142 patients with the diagnosis of von 
Willebrand disease (vWd). Of 114 patients with type | vWd, 


HE DIAGNOSIS of type I von Willebrand disease 
(vWd) is often based on the demonstration of a 
decreased quantity of structurally intact plasma von Wille- 
brand factor (vWF) in a patient with a history of mild 
mucocutaneous or surgically induced hemorrhage.’? The 
diagnosis can be difficult in mildly affected individuals 
because vWF levels tend to fluctuate, often rising into the 
normal range during times of stress, inflammation, pregnan- 
cy, and ingestion of oral contraceptives.'’ Furthermore, 
firmly established normal ranges based on von Willebrand 
factor antigen (vWF:Ag) determinations in a large cross 
section of normal individuals are lacking. 

The quantity of vWF-:Ag assayed, as for most coagulation 
factors, is expressed in relation to a standard derived from a 
pool of plasma from normal donors, with the pool repre- 
senting 100 U/dL. Assuming a normal distribution, if the 
number of individuals in a particular pool is large enough, 
then high normals should be offset by low normals, and the 
concentration of a particular plasma constituent should 
approach the mean. Traditionally, the mean is defined as 100 
U/dL, and a vWF:Ag value below 40 to 50 U/dL is used as a 
criterion for the diagnosis of vWd. 

In preliminary studies in our laboratory, five of 100 
standard pool members were found to have plasma vWF:Ag 
values less than 50 U/dL. This finding prompted us to study 
a much larger group of normal individuals. To firmly estab- 
lish a normal range for vWF:Ag and to further investigate 
factors that might influence plasma vWF levels, we studied 
vWF:Ag in 1,117 blood donors. 


MATERIALS AND METHODS 


Collection of blood samples. Plasma was obtained from venous 
blood at the time of volunteer blood donation. After the unit of whole 
blood had been collected in the usual manner, the plastic tubing 
between the needle and the bag was sealed. The tubing was then cut 
between the seal and the needle and venous blood collected into 
polystyrene tubes prefilled with sodium citrate (3.2%) so as to result 
in a 9:1 ratio of whole blood to anticoagulant. Plasma was obtained 
by centrifugation at 4,800 g for 20 minutes in a refrigerated 
centrifuge. Samples were stored at ~ 80°C until assayed. 

vWF-Ag. Measurement of vWF (vWF:Ag) was performed by 
using quantitative immunoelectrophoresis in 0.9% agarose and rab- 
bit antihuman vWF as previously described.* The reference standard 
for vWF:Ag was pooled plasma from 50 normal donors (stored at 
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blood group O was found in 88 (77%), group A in 21 (18%), 
group B in 5 (4%), and group AB in none (0%), whereas the 
frequency of these blood groups in the normal population is 
significantly different (45%, 45%, 7% and 3%, respectively} 
(P < .001). Patients with type I! or Ill vWd had ABO blood 
group frequencies that were not different from the 
expected distribution. There may be a subset of symptom- 
atic vWd patients with decreased concentrations of struc- 
turally normal vWf (vWd, type I) on the basis of blood group 
O. Some individuals of blood group AB with a genetic 
defect of vWF may have the diagnosis overlooked because 
vWF levels are elevated due to blood type. 

© 1987 by Grune & Stratton, Inc. 


--80°C). All reference standards derived from pooled plasmas were 
assayed against the World Health Organization standard. 

Determination of vWd type. Patients referred for evaluation of 
clinically significant bleeding had the following laboratory studies 
performed to determine vWd type: vWF:Ag as described earlier, 
vWF activity by a ristocetin cofactor assay utilizing formalin-fixed 
human platelets,’ factor VIL (F VIH) procoagulant activity by a 
one-stage method utilizing F VHI-deficient plasma as substrate," 
and multimeric analysis of vWF by electrophoresis of plasma in 
0.65% Seakem high gelling temperature ultra pure (HGT-(P}) 
agarose gels (FMC Corp, Rockland, ME) in the presence of 0.1% 
sodium dodecyl sulfate (SDS) and visualized with radiolabeled 
polyclonal rabbit antihuman vWF and autoradiography as previ- 
ously described.” The diagnosis of type I vWd was based on the 
finding of proportionally decreased plasma vWF:Ag and ristocetin 
cofactor activity below 45 U/dL and a normai multimeric pattern of 
vWF: Ag. Type I] vWd was diagnosed by the findings of ristocetin 
cofactor activity below 45 U /dL, vWF:Ag disproportionately higher 
than ristocetin cofactor activity, and an abnormal multimeric pat- 
tern of vWF characterized by an absence of the high-molecular 
weight multimers. Patients with undetectable vWF were classified 
as having type IH vWd. 

Reverse ABO blood group typing. Plasma from patients with 
the diagnosis of vWd, stored at —80°C, was mixed with saline- 
washed RBC from individuals of blood groups A and B, centrifuged, 
and observed for hemagglutination. 

Statistical analysis. Multiple-regression analysis (FPSS Statis- 
tical Package for Social Services), one-way analysis of variance, 
Student's ¢ test, and the goodness-of-fit test were performed as 
appropriate. 
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Table 1. Influence of ABO Blood Group on vWF:Ag Values in 
Volunteer Blood Donors 








VWFE:Ag 
vWE-AG Geometric Mean 

ABO Type n Geometric Mean +2SD 
(8) 456 74.8 35.6-157.0 
A 340 105.9 48.0-233.9 
B 196 116.9 56.8-241.0 
AB 109 123.3 63.8-238.2 





The groups were statistically significantly different from each other as 
follows: O v A, B, and AB, P < .01: A v AB, P < 01; B vA, P < 05. 


RESULTS 


vWF:4g in 1,101 blood donors. Initially, 1,000 sequen- 
tial blood donors from the Blood Center of Southeastern 
Wisconsin had determinations of vW F:Ag levels. To increase 
the number of individuals of ABO groups B and AB, 
additional sequential sampies from 52 group B and 65 group 
AB donors were collected for a total of 1,117 samples. 
Twelve donors were excluded because of vasovagal reactions 
during the donation and four because their vWF:Ag values 


vWF (uzdi) 


vWF {uzdi} 


8 a 29 39 40 59 6a 9 


AGE (years) 
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were beyond 3 SD above the mean (statistical outlyers) for 
their ABO group after adjusting for age. Statistical analyses 
were performed with values from the remaining 1,10! 
donors. 

vWF:Ag values were significantly affected by the ABO 
blood group of donors. As indicated in Table 1, vWF:Ag 
values in each group were significantly different from the 
others; group AB individuals had the highest geometric mean 
vWFE:Ag level (123.3 U/dL), followed by group B (116.9 
U/dL), then group A (108.9 U/dL), and finally group O 
individuals with the lowest values (74.8 U/dL.). 

Multiple-regression analysis of variables other than ABO 
group including age, gender, Rh type, and the ingestion of 
medications revealed that in the group as a whole and within 
each ABO blood group age was the only variable that was 
significantly predictive of vWf:Ag (Fig 1). Age did not 
account for the variation in vWF levels among ABO blood 
groups, since the range and mean age were similar in the 
groups (Table 2). However, as higher ages were attained, 
mean vWF:Ag values in persons of blood group A and blood 
group B approached each other (Fig 2). 





a 1g 20 30 4a se ta 29 


AGE (years) 


Fig 1. Increase in vWF:Ag with age in volunteer blood donors. ABO blood group is indicated by the letters O, A, B, or AB. Mean vWF v 
age is shown by the solid lines, and 95% confidence intervals are indicated by the broken lines. 
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Table 2. Range and Mean Age of Blood Donors 
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Table 3. Frequency of ABO Blood Groups in Patients With vWd 








Blood Group Mean Age Age Range 
(8) 38.2 18-71 
A 38.2 17-77 
B 38.7 18-69 
AB 37.5 18-69 





The difference in ages was not significantly different by one-way 
analysis of variance. 


In group A individuals only, when age was accounted for, 
the male gender (P < .02) and ingestion of medications 
(P < .05) were associated with a higher vWF:Ag concentra- 
tion. Of the 43 blood group A individuals taking medications, 
the largest group (n = 18) was using antihypertensive drugs, 
followed by antibiotics (8), oral contraceptives (6), recent 
immunizations or desensitization with allergens (5), antihis- 
tamines (4), and antidepressants (1). 

Since the blood sample for vWF:Ag determination was 
obtained after the regular blood donation, it was possible that 
the stress associated with the procedure might bias the 
results. Therefore, 25 donors agreed to undergo a separate 
venipuncture for vWF:Ag determination immediately prior 
to the regular donation, with the second sample collected 
after the blood donation as done in the other donors. The 
mean predonation vWF:Ag concentration in these donors 
was 2.5 U/dL higher than the postdonation samples, not 
significantly different (P = .80). 

To determine whether structurally abnormal vWF might 
be present in group O donors with low vWF levels, an 
additional 104 group O donors were evaluated. Ristocetin 
cofactor assays correlated well with vWF:Ag with a correla- 
tion coefficient of 0.80 (P < .01). Multimeric analysis of 
vWF on SDS agarose gels were performed on the 11 donors 
from this group of 104 blood group O individuals with a 
vWF: Ag level <45 U/dL and on three others from this group 
who had a discrepancy between the ristocetin cofactor and 
vWF:Ag assays: all 14 patterns were normal. 

ABO blood groups in patients with a diagnosis of 
vWd. Reverse ABO typing of 142 plasma samples from 
patients carrying a diagnosis of vWd was performed (Table 
3). The frequency distribution of ABO blood groups in type I 
vWd (quantitative deficiency of structurally normal vWf) 
was significantly different from the expected distribution 
(personal communication, J.E. Menitove, Blood Center of 


vWF {uzdi} 





5i 


AGE {years} 


Fig 2. Mean vWF:Ag v age in volunteer blood donors. Mean 
vWF in blood group AB, @-—@®: group B, ----; group A, ----; and 
group O, ——. 


Patients o A 8 AB 








Type n n (%) n (%} ni% n (%6) 








vWd i 114 88{77) 21 (18) 5 {4} O (0} 
vWd ii 22 7 (32) 10145) 3 (14} 2 (9) 
vWd It 6 4 (67) 2(33} © (0) 0 (0) 
Expected frequency (45) (45) {7} 13) 





The observed ABO frequency pattern in type | vWd was statistically 
significantly different from the expected frequency (P < .001). Type li 
was not significantly different, and type lil patients were too few for a 
meaningful analysis. 


Southeastern Wisconsin) when analyzed by the goodness- 
of-fit test (P < .001). Of 114 patients with a diagnosis of type 
I vWd, 88 (77%) had blood group O, whereas the expected 
frequency of blood group O in the normal population was 
45%. In contrast, blood groups A, B, and AB were under- 
represented in type I vWd patients when compared with the 
expected pattern of distribution. When the ABO frequency 
distribution of type | vWd patients was adjusted by exclud- 
ing the 23 individuals with vWF values greater than 37, of 
the 91 total, 65 (71%) had group O, 21 (23%) had group A, 5 
(5%) had group B, and none had group AB. This distribution 
was also significantly (P < 001) different from the 
expected. The 22 patients with a diagnosis of type I vWd 
(structurally abnormal vWf) had an expected frequency of 
ABO groups, and the six with type HH vWd (undetectable 
vWF) were too few for a meaningful analysis. 


DISCUSSION 


This study confirms previous reports'*"* that plasma 


vWF:Ag concentration is significantly affected by the ABO 
blood group. As in this study, all but one investigator found 
that blood group O was associated with the lowest vWF:Ag 
values; the single exception was a small study conducted by 
Mohanty and coworkers,'* who found the lowest vWF:Ag 
values in blood group B individuals and suggested that this 
difference was due to ethnic variation. In the studies by 
McCallum and coworkers’? of female blood donors and 
Stormorken and Erikssen'? of middle-aged men, no signifi- 
cant differences in vWF:Ag values were found between 
individuals of blood groups A, B, or AB, whereas this study 
demonstrated that the vWF:Ag concentration in group AB 
was highest, lower in group B. and lower still in group A. The 
smaller sample size (136) of McCallum and colleagues’ 
study and the restriction of the sample to middle-aged men in 
Stormorken and Erikssen’s study may account for these 
differences. 

In a study of monozygotic and dizygotic twins, Orstavik 
and coworkers’ determined that F VIII:C was dependent on 
vWF:Ag levels and that 30% of the genetic variance of 
vWF:Ag was due to the effect of ABO blood group. The 
twins were all greater than 33 years of age, and those with 
blood group A, had higher vWF:Ag levels than those with 
group B in whom levels were higher than group A). These 
findings differ from our investigation but could be explained 
by the differences in age in the two samples and our finding 
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that vWF:Ag values in group A and group B individuals 
approach each other as age increases; furthermore, we did 
not differentiate between groups A, and A. 

Genetic linkage analyses previously suggested that the loci 
for vWF and ABO blood groups are not linked.'*!” This 
conclusion has been substantiated by the recent location of 
the gene for vWF on chromosome 12,'* whereas the gene for 
ABO blood group determination is on chromosome 9.” 
Thus, a direct linkage could not explain the significant 
variation in plasma vWF concentration among individuals of 
different ABO blood groups. 

vWF is a highly glycosylated protein”; its platelet- 
agglutinating activity in the presence of ristocetin,*” sus- 
ceptibility to proteolytic degradation,” and survival in the 
normal rabbit circulation” have been shown to be affected by 
the removal of sialic acid or galactose residues, which 
suggests that carbohydrate is important in the structure/ 
function of vWF. Furthermore, blood group A, B, and H 
oligosaccharide structures have been identified on human 
vWF.” It is possible that the blood group determinants may 
affect the processing, release, or catabolism of vWF, thus 
influencing the plasma concentration of the protein. 

Since ABO blood group was found to be a significant 
determinant of plasma vWF concentration, we wondered 
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whether the diagnosis of vWd was influenced by the patient’s 
ABO status and found that significantly more type 1 vWd 
patients than expected had blood group O. The additional 
finding of increased numbers of group O individuals when 
the diagnosis was based on ABO-adjusted normal ranges 
suggests that there may be a subset of type I vWd patients 
with decreased concentrations of structurally normal vWF 
on the basis of blood group rather than specific inherited 
abnormalities of vWF production or release. Similarly, indi- 
viduals of blood group AB with a vWF genetic defect may 
have the diagnosis overlooked because the vWF is elevated 
due to blood type. 

We do not intend to imply that symptomatic individuals 
with vWF in the range of 37 to 45 U/dL and blood group O 
do not have a form of vWd and should not be treated as such. 
The treatment of such individuals, as in any clinical situa- 
tion, should not be altered because of this theoretical consid- 
eration. However, the inheritance of vWd in such an individ- 
ual may be different than in an individual with a specific 
vWF gene abnormality. Thus, the mechanism of decreased 
concentrations of plasma vWF in various patients may be 
heterogeneous; further clarification of this issue may evolve 
as specific chromosomal abnormalities resulting in type I 
vWd are defined. 
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Type I Glanzmann Thrombasthenia Patients From the Iraqi-Jewish and 
Arab Populations in Israel Can Be Differentiated by Platelet 
Glycoprotein IIIa Immunoblot Analysis 


By Barry S. Coller, Uri Seligsohn, and Pamela A. Little 


A sensitive immunoblot technique for platelet glycoprotein 
lila (GPllla) was used to analyze the platelets of patients 
living in Israel who meet the diagnostic criteria for type | 
Glanzmann thrombasthenia. When reacted with solubilized 
normal platelets, a rabbit antiserum to GPllla identified a 
major band at molecular weight (mol wt) 90,000 and three 
additional minor bands at Mr 110,000, 81,000, and 64,000. 
The major band could not be detected, and the minor bands 
were either markedly reduced or absent in the platelet 
samples from 14 of the 15 patients from the Iraqi-Jewish 
population. In contrast, in all four Arab patients tested, the 
major band was detectable, although at markedly reduced 
levels, and the minor bands were either markedly reduced 


LANZMANN thrombasthenia is an autosomal reces- 

sive disorder of platelet function, characterized by 
excessive hemorrhage from mucocutaneous sites. Labora- 
tory features include decreased or absent platelet functions, 
including clot retraction; adhesion to glass: and platelet 
aggregation in response to ADP, epinephrine, and throm- 
bin.'? Affected platelets also fail to interact normally with 
both fibrinogen and von Willebrand factor (VWF) when 
stimulated with ADP or thrombin.** The discovery of a 
deficiency of the glycoprotein Hb/IHa complex in throm- 
basthenic platelets™™ provided a molecular basis for the 
disease, since there is evidence that this complex can function 
as a receptor for fibrinogen!'! vWF, and fibronectin. 
Patients who meet the minimal clinical and laboratory 
criteria for Glanzmann thrombasthenia (a lifelong bleeding 
diathesis associated with absent platelet aggregation in 
response to adenosine diphosphate [ADP] and decreased clot 
retraction), have, however, displayed considerable hetero- 
geneity in clinical symptoms and laboratory data,''*"4 Jead- 
ing to attempts to categorize the disease into different 
types.'° Patients with type | Glanzmann thrombasthenia are 
said to have absent clot retraction and little or no platelet 
fibrinogen, whereas patients with type H are said to have 
some clot retraction and readily detectable, if somewhat 
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or absent; an additional minor band at mol wt 47,000 was 
also present in the platelets from these patients. One 
Iraqi-Jewish patient had a unique pattern in which two of 
the bands were present but reduced and two were unde- 
tectable. We conclude that the protein defect, and thus 
presumably the genetic defect, causing Glanzmann throm- 
basthenia in the majority of patients in the traqi-Jewish 
population differs from that in the Arab population, and we 
confirm that there is considerable biochemical heterogene- 
ity among the patients who meet the criteria for type | 
Glanzmann thrombasthenia. 

©1987 by Grune & Stratton, Inc. 


reduced, platelet fibrinogen.’ By crossed immunoelectro- 
phoresis and electroimmunoassay, several patients with the 
laboratory criteria for type | thrombasthenia had no detect- 
able GPIIb/IIla complex, whereas several patients who met 
the criteria for type I] had reduced but detectable levels of 
the complex.’ 

Early studies of the platelet glycoproteins in Glanzmann 
thrombasthenia patients utilizing polyacrylamide gel elec- 
trophoresis to separate the glycoproteins, which were either 
prelabeled before solubilization or detected with stains spe- 
cific for carbohydrate and/or protein after electrophoresis, 
suggested that most patients shared the same abnormality, 
namely, a marked reduction but probably not absence of 
both GPIIb and GPHIa.'™®® Subsequent studies indicated 
that there was more heterogeneity in glycoprotein patterns, 
with some patients having no detectable GPII[b and GPIHa, 
others having discordant amounts of the two glycoproteins, 
and others having considerable amounts of both glycopro- 
teins.”!°* Most recently, Nurden studied seven type | and two 
type II thrombasthenic patients with the technique of 
electroblotting of proteins separated by polyacrylamide gel 
electrophoresis onto nitrocellulose paper followed by immu- 
nologic detection of the glycoproteins with specific heterolo- 
gous antisera.” As expected, the type IH patients had readily 
detectable GPI1b and GPIIla. The type I patients, however, 
had unexpected heterogeneity, with only one demonstrating 
the absence of both GPIIb and GPIIfa. These data empha- 
sized the rarity of the complete absence of both glycopro- 
teins, even in type I patients, and highlighted the insensitivity 
of the crossed immunoelectrophoresis technique for quan- 
tifying the individual glycoproteins. 

We recently reported the immunologic and biochemical 
characterization of the platelets of 32 patients from 19 
families with thrombasthenia from the Iraqi-Jewish and 
Arab populations in Israel.” All 19 patients whose platelets 
were analyzed by polyacrylamide gel electrophoresis were 
devoid of GPIIb, as judged by carbohydrate and protein 
staining. Patient platelets bound only ~2% of the normal 
amount of a monoclonal antibody (MoAb; 10E5) directed 
against GPIIb and/or GPIlla: this antibody reacts with the 
glycoproteins when they are complexed with another but not 
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when the complex is dissociated with calcium chelating 
agents.” [In fact, it was unclear whether this minimal 
amount of antibody binding represented a significant 
increase above background. GPIIla could not be assessed in 
that study because platelet samples for polyacrylamide gel 
electrophoresis were analyzed in the nonreduced state, and 
under this condition another glycoprotein (GPIIIb) comi- 
grates with GPIIla. In the present study we have analyzed 15 
patients from 11 families in the Iraqi-Jewish population and 
four patients from four families in the Arab population with 
an immunoblot technique using a heterologous antibody to 
GPllla and a highly sensitive immunogold/silver enhance- 
ment detection technique. Our studies demonstrate one 
major immunoreactive band that appears to be related to 
GPilla and three minor bands that may be related to 
GPlilla. In all 15 fraqi-Jewish patients, the major GPIla 
band was not detectable. In 14 of the 15 patients the minor 
bands were either reduced or absent, whereas in one patient 
two of the minor bands were more prominent. In sharp 
contrast, all four Arab patients had reduced but detectable 
levels of the major GPIIla band, reduced or absent minor 
bands, and an additional band of lower molecular weight 
(mol wt). We conclude that different protein and thus 
presumably genetic abnormalities produce the thrombas- 
thenic syndrome in the lraqi-Jewish and Arab populations in 
Israel even though the patients in both groups meet the 
traditional criteria for type | disease. 


MATERIALS AND METHODS 


Patients. The patients investigated in this study come from the 
populations previously described.**"' In all, 15 Iraqi-Jewish patients 
from 11 families and four Arab patients, each from a different 
family, were studied. 

Platelet preparation. Platelets from citrated blood were washed 
as previously described.” resuspended to ~4 x 10°/uL, and solubi- 
lized with an equal volume of 3.3% sodium dodecyl sulfate (SDS)-6 
mmol/L N-ethylmaleimide, as previously described.” Samples were 
stored frozen at ~ 20°C. Control platelets samples were obtained 
from normal individuals both in Israel and at Stony Brook: the 
former were prepared earlier, at the same time as the patient 
samples, whereas the latter were prepared later, within weeks of 
when the samples were assayed by the immunoblot technique. No 
differences were observed between these different controls. 


Antibodies 


Rabbit anti-GPIlla serum. GPllla was purified from human 
platelets by a modification of the differential NaCl extraction 
technique of Jennings and Phillips”? and was used to immunize a 
rabbit as follows. Six units of outdated platelet concentrates (kindly 
provided by Dr Dennis Galanakis of the blood bank at the State 
University of New York at Stony Brook Hospital) were pooled, 
made | mmol/L in EDTA, and washed two times with 0.15 mol/L 
NaCl, 0.01 mol/L Tris, | mmol/L EDTA, pH 7.4. The platelets 
were divided in half and pelleted separately. One pellet (A) was 
resuspended in 25 mL of the above buffer and the other (B) was 
resuspended in 25 mL of 0.15 mol/L NaCl, 0.01 mol/L Tris, 1 
mmol/L CaCl, pH 7.4. The suspensions were kept on ice, and 
Triton X-100 was added to bring the final concentration to 0.1%. 
After 55 minutes, the suspensions were centrifuged at 80,000 g for 
60 minutes at 4°C. The pellets were brought up in 10 mL of the 
above buffers, but in each case the NaC! was omitted. The suspen- 
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sions were again made 0.1% in Triton X-100 and allowed to incubate 
on ice for 60 minutes. The samples were then recentrifuged at 80,000 
g for 60 minutes at 4°C. The supernatants, which contained approxi- 
mately the same amounts of both GPHb and GPIlla as judged by 
SDS-polyacrylamide gel electrophoresis (SDS-PAGE). were then 
chromatographed individually on a 90 x 2.5 cm column of Sepha- 
cryl S-300 (Pharmacia Fine Chemicals, Piscataway. NJ) with an 
elution buffer of 0.05 mol/L sodium phosphate, 0.05% Triton 
X-100, and 0.05% sodium azide. The fractions from both columns 
that contained the GPHa/illa complex were pooled, made to 
contain 10 mol/L EDTA and 0.2% SDS in an attempt to dissociate 
GPIlb from GPilla, and then rechromatographed on the Sephacryl 
S-300 column with an elution buffer (0.15 mol/L NaCl. 0.0) mol/L 
Tris. 10 mmol/L EDTA, 0.2% SDS, pH 7.4) designed to maintain 
the separation of GPHb from GPIlla. The fractions containing 
purified GPI Ha, as judged by the presence of a single band by silver 
staining after SDS-PAGE, were pooled, and subsamples were 
removed for digestion by pepsin. First, 0.11 volume of 2 mol/L 
NaCl, 2 mol/L Na acetate, pH 4.0 was added to the sample (2 mL), 
and then 22 uL of pepsin A (1 mg/mL in 0.2 mol/L NaCl. 0.2 
mol/L Na acetate, pH 4; Worthington Biochemical Co, Freehold, 
NJ) was added, bringing the final concentration to 10 ug/ml. The 
digest was kept at 37°C, and additional aliquots of pepsin were 
added at 1.3 hours, 2.3 hours. 17.6 hours, and 25.3 hours. After 
digestion, no intact GPIlla could be detected by SDS-PAGE. A 
mixture consisting of | mL of undigested GPIHa and 0.75 ml of 
pepsin-digested GPI Ila was then emulsified with an equal volume of 
complete Freund's adjuvant (Sigma Chemical, St. Louis). The back 
of an albino rabbit was shaved, and 0.1 mL of the emulsion was 
injected intradermally at multiple sites via a 25-g scalp infusion set 
with the aid of a syringe infusion pump (model 975, Harvard 
Apparatus, Millis, MA). The rabbit was reinjected on day |1, day 
21, and day 7t. On day 80, the animal was anesthetized, and 
approximately 120 mL of blood was obtained via cardiac puncture. 
The blood was allowed to clot at 37°C for three hours in a glass tube, 
after which the serum was decanted, centrifuged at 2,000 g for ten 
minutes at 22°C to remove residual erythrocytes, and the superna- 
tant serum heat-inactivated at 60°C for 20 minutes before being 
aliquotted and frozen at — 20°C. 

Murine monoclonal anti-GPilla antibody. This antibody, des- 
ignated 16, was kindly supplied by Dr Simon Karpatkin of New 
York University School of Medicine. The antigen was partially 
purified from washed platelets by selective detergent solubilization 
in Triton X-114* followed by final purification by SDS-PAGE. The 
portion of the gel containing the GPIHa band was excised and the 
protein eluted from the gel: it was then used to immunize a mouse. 
The latter's splenocytes were fused to a mouse myeloma cell line by 
conventional methods and the supernatants assayed for reactivity 
with GPllla. For the present studies, culture supernatants were 
precipitated with 50% ammonium sulfate, after which the precipi- 
tates were dissolved in one-fourth the original volume of phosphate- 
buffered saline (PBS) containing 0.025% sodium azide and then 
dialyzed, first against water and then against the same phosphate 
buffer, before being frozen. 

Human anti-PI“ antibody. This antibody (also kindly sup- 
plied by Dr Simon Karpatkin) was from a male patient who 
developed thrombocytopenia after cardiac surgery as a result of 
post-transfusion pupura.™* The patient's serum was found to contain 
an antibody (or antibodies) reactive with the PI^! antigen. which is 
known to reside on GPIIla.* The patient's plasma was obtained by 
plasmapheresis and a fourfold concentrated immunoglobulin frac- 
tion was prepared as described above for the MoAb. 

SDS-PAGE. Solubilized platelets were mixed 2:1 with a sample 
buffer containing 3.05% SDS, 0.18 mol/L Tris/Cl, 30% glycerol, 
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and 0.02% bromophenol blue, after which they were heated to 100°C 
for three minutes. A 38-ul sample containing ~150 ug platelet 
protein was then applied to a 1.5-mm thick gel containing a 1 x 
10-cm 3% acrylamide stacking gel and a 5.4 x 10-cm 7% resolving 
gel containing the discontinuous buffer system of Laemmli.* The 
running buffer was 0.05 mol/L Tris/glycine, 0.4% SDS, pH 8.9. 
Electrophoresis was carried out at 50 V until the sample entered the 
separation gel (Mighty Small slab gel electrophoresis unit, SE 200, 
Hoefer Scientific Instruments, San Francisco) (~30 minutes); the 
voltage was then increased to 100 to 150 V and electrophoresis 
proceeded until the blue tracking dye approached the bottom of the 
gel. Earlier samples were electrophoresed at 150 VY., but this was 
found to result in broadening of the protein bands. When similar gels 
were stained with a silver reagent (Bio-Rad silver stain kit, Bio-Rad 
Laboratories, Richmond, CA), which only stains the protein on the 
outer surfaces of the gel, it was found that the protein on the gel 
surface closer to the cooling plate migrated less rapidly than the 
protein on the gel surface exposed to the ambient air. Thus the 
broadening was presumed to reflect differentia! thermal effects, and 
this was minimized by decreasing the voltage to 100 V and heating 
the running buffer to 37°C. Proteins of known mol wt (Sigma 
Chemical Co., St. Louis) were also electrophoresed on each gel 
(carbonic anhydrase 29,000; egg ovalbumin, 45,000; bovine plasma 
albumin, 66,000; rabbit muscle phosphorylase B, 94.000: Escheri- 
chia coli B-galactosidase, 116,000; and rabbit muscle myosin, 
250,000). 

Immunoblotting. After electrophoresis was finished, the lane 
containing the mol wt standards was cut from the gel and stained 
with Coomassie blue; the proteins contained within the remainder of 
the gel were transferred to nitrocellulose paper (0.2 p pore size: 
Schleicher and Schuell, Keene, NH) using an electrotransfer appa- 
ratus (Mini Transphor: TE22; Hoefer Scientific Instruments) 
according to a modification of the technique described by Towbin et 
al.” In particular, two pieces of paper were placed anodally to the 
gel, and one was placed cathodally; only the first piece placed 
anodally was used for immunoblotting, whereas the others were 
washed in PBS pH 7.2 containing 0.3% Tween 20 and then stained 
with a colloidal gold reagent (AuroDye, Janssen Life Sciences 
Products, Beenge, Belgium) to assess the completeness of the 
transfer. The transfer buffer (0.192 mol/L glycine, 25 mmol/L Tris, 
pH 3.3 containing 20% [vol/vol] methanol) was thoroughly 
degassed and cooled to 4°C before use; electrophoresis was carried 
out with tap water cooling (~18°C) at 400 m Amps for one hour. 
Coomassie blue staining of the gel after transfer showed that there 
was nearly complete loss of proteins below mol wt 180,000 and 
partial loss of higher mol wt proteins. 

The immunoreactive bands on the nitrocellulose paper were then 
detected by reaction with a gold-conjugated anti-immunoglobulin 
antibody and subsequent enhancement of the gold stain with a silver 
reagent (AuroProbe BL IGSS kit; Janssen). The nitrocellulose was 
incubated with a blocking solution (20 mmol/L. Tris/Cl, 0.9% NaCl, 
5% bovine serum albumin [BSA], 20 mmol/L sodium azide, pH 8.2) 
for two hours at 37°C and then overnight at 4°C, after which it was 
washed with the same Tris-NaCl buffer containing 0.1% BSA. The 
paper was then incubated with gentle shaking for two hours at 22°C 
with dilutions of the human anti-PI^ immunoglobulin fraction 
(1/1,000), the monoclonal mouse anti-GPI Ia immunoglobulin frac- 
tion (1/2,500), or the rabbit anti-GPlIla serum (1/50) in the 
Tris-NaCl, 0.1% BSA, pH 8.2 buffer to which 1% normal goat 
serum was added. After washing in Tris-NaCl, 0.1% BSA buffer 
three times, the paper was incubated with gentle shaking with 1/100 
dilutions of affinity-purified goat antibodies to human, mouse, or 
rabbit immunoglobulins that were conjugated to 20 mmol/L colloi- 
dal gold particles. The antibodies were diluted in Tris-NaCl, pH 8.2 
buffer containing 0.4% gelatin (wt/vol) and 20 nm sodium azide and 
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the incubation proceeded overnight at 22°C, Light pink bands could 
be detected at this point. After washing with the Tris-NaCl, 0.1% 
BSA buffer, the intensity of the bands was enhanced by reaction 
with a freshly prepared silver stain (IntenSE, Janssen) that precipi- 
tates metalic silver on the gold surface and converts the pink bands to 
a gray-black color. Equal volumes of the enhancer (4.7 ¢/100 mL) 
and initiator (7.8 g/100 ml) solutions were mixed immediately 
before use and the nitrocellulose paper was stained for approxi- 
mately ten minutes at 22°C. The paper was then placed in the fixer 
for five to ten minutes, after which it was washed in water and dried. 
The silver enhancement step led to some variability in the intensity 
of individual bands between blots, and so the current experiments 
were performed such that the control and patient samples were 
included cn each blot, and each blot was developed as a unit. 

Radioimmunoelectrophoresis. This technique was conducted as 
previously described using a combination of the rabbit anti-GPlila 
serum and radiolabeled 10ES.%” Platelet samples solubilized in 
Triton X-100 were obtained from a nermal individual and a patient 
from the lraqi-Jewish population. 


RESULTS 


Characterization of the rabbit antiserum to GPilla. The 
antiserum gave only a single arc against normal platelets 
when tested in radioimmunoelectrophoresis as judged by 
Coomassie blue staining. This arc was identified as contain- 
ing the GPHb/IHa complex, since the radioautogram of the 
same gel showed unique incorporation of radiolabeled 10E5 
into this arc, and no arc was present by either detection 
method when a sample of platelets from a patient with 
Glanzmann thrombasthenia was tested. 

Comparison of rabbit anti-GPHla, human anti-Pl”, and 
mouse monoclonal anti-GPIlla antibodies. All three anti- 
body preparations recognized three proteins in nonreduced 
platelet samples, and these are designated |, 2, and 3 in Fig 
1. Band 2 was much more intense than the other two bands 
and corresponded in mol wt to the nonreduced value of 
purified GPHIa (mol wt ~90,0G60), Studies using the rabbit 
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Fig1. immunoblot analysis of normal platelet proteins reacted 
with normal rabbit serum {NI Ser [R]), a human anti-Pi^ immuno- 
globulin fraction (a-PI"' [H]), a mouse MoAb to GPtlla (a-itla [Mm])}, 
and a rabbit anti-GPlilla antibody (a-lila [R]). The mol wt of the 
reference proteins are indicated on the left (in kilodaltons], and 
the four immunoreactive bands are indicated on the right. 
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antiserum and dilutions of the control platelet sample showed 
that this band could be detected at a dilution of 1/1,000, 
indicating a sensitivity in excess of 0.1%. Band | was of mol 
wt ~110,000, and band 3, which could not always be resolved 
from band 2, was of mol wt ~81,000. An additional band of 
mol wt ~64,000 was recognized by the rabbit anti-GPIlla 
serum, but not by the other two immunoglobulin prepara- 
tions. A variety of higher mol wt bands were also visible with 
both the rabbit anti-GPII]a and human anti-P1^ antibodies. 
One of these bands (mol wt ~160,000) was visible with the 
mouse monoclonal anti-GPIIla antibody and to a variable 
extent with normal rabbit serum, and so it was believed to 
represent cross reactivity of the second antibodies with the 
human IgG present in the platelet preparations. Some of the 
other high mol wt bands and some bands in the mol wt 
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80,000 to 90,000 range were also visible to a lesser extent 
when normal rabbit serum was used instead of the immune 
serum, and so they were not considered specific. When 
platelet samples were reduced with 5% $-mercaptoethanol 
before SDS-PAGE, no bands were detected with any of the 
three different immunoglobulin preparations. This probably 
results from a marked change in the tertiary structure of this 
cysteine-rich protein, which also undergoes a large increase 
in mol wt with reduction. 

Comparison of immunoblot patterns of platelet proteins 


from Iragi-Jewish and Arab patients with thrombasthe- 


nia. The immunoblots of control and patient platelets 
reacted with the rabbit anti-GPIlla serum are shown in Fig 
2. The platelet sample from controls |, 5, and 6 were 
prepared at Stony Brook, whereas those from controls 2, 3, 
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Fig 2. Immunoblot analysis of control (C) and patient samples 
for GPlilla using a rabbit anti-GPilla serum. Patients were either 
from the Arab (A) or Iraqi-Jewish (l-J) populations. The mol wt of 
the reference proteins are indicated on the left in kilodaltons. 
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and 4 were prepared in Israel. All of the controls had the 
same pattern as that described above, although band 3 was 
resolved to variable degrees. The samples from all four Arab 
patients gave a pattern that was distinctly different from the 
control, but very similar with one another. Band | was 
reduced in intensity and more diffuse, being nearly undetect- 
able on some blots but not others (eg, A-1 in panel A of Fig 2 
v A-1 in panel D); band 2 was markedly reduced in intensity 
but still easily visible; and bands 3 and 4 were markedly 
reduced, being barely visible. Moreover, there appeared to be 
an additional or enhanced band at mol wt ~47,000 in all four 
Arab samples. 

In contrast to the Arab samples, band 2—the intensely 
staining mol wt-90,000 protein—could not be detected in the 
platelet samples obtained from any of the 15 Iraqi-Jewish 
patients tested. Band 4 also seemed to be missing from all but 
one (l-J 9) of the Iraqi-Jewish samples. The other two minor 
bands were either reduced or absent in the platelets from 
these 14 patients, but the extent of their deficiency was hard 
to judge because of the variable intensity of nonspecific 
bands (ie, bands that were also seen with normal rabbit 
serum) in these regions. One patient (l-J 9), who was 
unrelated to the other Iraqi-Jewish patients and whose last 
platelet transfusion was ~} week before this sample was 
obtained, had a unique pattern consisting of a reduced but 
clearly detectable band 1; the absence of both band 2 and 
band 3; and a slightly reduced but still detectable band 4. 
This same pattern was obtained when this patient's platelet 
sample was analyzed a second time and with a second sample 
obtained ~1 month after a platelet transfusion. 


DISCUSSION 


A prolonged bleeding time, normal platelet count, absence 
of adhesion to glass, and absence of the primary wave of 
ADP-induced platelet aggregation are some of the hallmarks 
of Glanzmann thrombasthenia.'? The uniformity of these 
findings, however, belies the extraordinary clinical hetero- 
geneity of the disorder.'?”' Although subtle variability even 
in the hallmark criteria were recognized in early studies,’ 
more dramatic variability was identified in the deficiencies in 
clot retraction, platelet fibrinogen content, and fibrinogen 
binding to ADP-activated platelets, 3141524441 This led to 
attempts to categorize the disorder as type I (absent clot 
retraction, marked fibrinogen deficiency, and virtually 
absent fibrinogen binding) or type II (decreased clot retrac- 
tion, mild or no fibrinogen deficiency, and normal or only 
slightly reduced fibrinogen binding),'**° but it was not clear 
whether there was a correlation between the clinical symp- 
toms and these laboratory findings. 

The discovery that thrombasthenic platelets are deficient 
in glycoproteins Hb and Ha,” and that these glycoproteins 
exist as a complex to which fibrinogen binds when platelets 
are activated," allowed for more detailed biochemical analy- 
sis of the platelet defects. A variety of techniques have been 
applied to separating and identifying these platelet pro- 
teins, ™4>® including ones that utilize antibodies directed 
against either the whole proteins or against PI*', an antigen 
localized to GPIHa.*°“*“ Monoclonal antibody binding to 
intact platelets has also been employed.!'?77847- 
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These techniques were able to identify a subpopulation of 
patients who had reduced but still readily detectable levels of 
GPIb and GPIlla; quantitative estimates suggested that 
such patients had anywhere from a trace amount up to 50% 
of the normal amount of the glycoproteins. "615 3724.26-41,48,49 
The laboratory data from several such patients indicated a 
type II pattern, but other patients were found to be 
discordant with regard to the type H criteria. For example, 
individual patients have been described who have (1) a severe 
deficiency of platelet fibrinogen despite having considerable 
amounts of residual GPIIb and GPHIa,” (2) considerable 
blood clot retraction despite markedly reduced platelet 
fibrinogen and undetectable amounts of the GPIIb/Ila 
complex,” and (3) nearly normal amounts of platelet fibrino- 
gen despite having markedly reduced or undetectable levels 
of GPIIb and GPIHa.™®" Thus the group designated origi- 
nally as type HH is markedly heterogeneous at the biochemical 
level, and this complexity is compounded by the discovery of 
unusual variant patients who have many of the laboratory 
and clinical manifestations of Glanzmann thrombasthenia 
but normal or nearly normal amounts of GPIIb and 
GPllla.” 

The patients who meet the laboratory criteria for type 1 
thrombasthenia also appear to be heterogeneous at the 
biochemical level. Considerable confusion surrounds 
whether or not such patients have totally absent or only 
markedly reduced levels of the glycoproteins. This is not 
surprising given that different investigators studied different 
patients and that the methods used to detect the glycopro- 
teins differ considerably in sensitivity. H is extremely impor- 
tant to determine whether the platelets of such patients have 
even small amounts of the glycoproteins, since this has 
important implications for the genetics and cellular biology 
of the disorder. Among the gel electrophoresis techniques, 
the nonreduced-reduced and two-dimensional gel techniques 
provide more precise localization of given glycoproteins than 
does the one-dimensional technique and thus overcome the 
problem of overlapping proteins to a large extent. Since they 
are standardized with normal proteins, however, they may 
not be able to detect abnormal forms of the protein that 
migrate to other positions. Radiolabeling clearly increases 
the sensitivity of detection when compared to staining tech- 
niques, but such studies need to be interpreted in the light of 
the labeling’s dependence on specific chemical structure that 
may be abnormal in the disease states. In particular. since 
some thrombasthenic patients may have a generalized abnor- 
mality in the attachment of carbohydrates to platelet glyco- 
proteins,”' techniques that label carbohydrate structures may 
be misleading. Moreover, most labeling studies are per- 
formed with intact platelets using membrane-impermeant 
reagents so that only the surface glycoproteins are labeled. 
Such techniques would not detect abnormal glycoproteins 
that cannot insert into the plasma membrane, as has been 
reported to occur in at least one patient with thrombasthe- 
nia.” 

The agarose gel immunologic techniques that employ 
heterologous antisera have focused on the arc corresponding 
to the glycoprotein [Ib/Illa complex; the absence of either 
glycoprotein would therefore result in the absence of this arc, 


TYPE | GLANZMANN THROMBASTHENIA 


regardless of how much of the other glycoprotein was 
produced. Although coordinate synthesis of GPIIb and 
GPIlIla has been assumed to occur under normal conditions, 
data suggest that in some patients with thrombasthenia the 
synthesis and/or surface expression may not be coordi- 
nate???” Thus the absence of a GPIIb/IIla complex arc 
cannot be taken as evidence for the absence of both glycopro- 
teins. The binding of radiolabeled MoAbs to intact plate- 
letst must be interpreted not only with regard to the 
specificity of the antibody and the surface expression of the 
glycoprotein, but also the ability to determine whether a 
given low level of binding to platelets is significantly 
increased above background. 

The immunoblot technique, combining the resolution of 
SDS-PAGE and the detection capabilities of polyclonal 
antibodies to purified GPIIla is probably the most sensitive 
technique currently available; it does, however, depend on 
the antigenicity surviving solubilization in SDS as well as the 
abnormal protein sharing at least some immunologic deter- 
minants with the normal protein. Assuming that SDS solu- 
bilizes essentially all of the platelet proteins, it has the added 
advantage of measuring the total amount of the glycopro- 
teins, not just that present on the platelet surface or that 
which can be solubilized in Triton X-100. Nurden et al” 
studied seven unrelated patients who met the laboratory 
criteria for type | thrombasthenia and two patients who met 
the criteria for type H with this technique, using radiolabeled 
protein A to detect the immunoreactive bands. They esti- 
mated the sensitivity of their immunoblots at 1% for GPHb 
and 0.5% for GPHla. The two type H patients, who previ- 
ously were shown to have 13% and 15% of normal GPIIb/ 
Illa complex by crossed-immunoelectrophoreses, had GPHb 
and GPlilla bands that were only moderately decreased in 
intensity when compared to normal. The type I patients were 
heterogeneous: three patients had weak GPHb bands and 
strong GPIlla bands; three patients had no detectable GPIIb 
bands and reduced but detectable GPI Ila bands; and in only 
one patient was there no detectable GPHb and GPII la. 

In the present study we have applied a modified immuno- 
blot technique for GPIIla to the thrombasthenic patients in 
Israel who come primarily from the Iraqi-Jewish and Arab 
populations. All of these patients were studied previously and 
found to have laboratory evidence of type | thrombasthe- 
nia. 2! 

Our antibody to GPIla identified a major band at mol wt 
90,000, which corresponds in mol wt to purified GPIHa. In 
addition, however, there were minor bands at mol wt 
~110,000, 81,000, and 64,000. The mol wt 110,000 and 
81,000 bands were also identified by a human antibody to the 
PI^ antigen (known to be present on GPHIa)™* and a murine 
MoAb to GPa, suggesting that they are related to GPIIla 
rather than being due to contamination of the original 
antigen with additional platelet proteins. 

After the present studies were completed, Dancis et al 
independently reported on the characterization of the mono- 
clonal anti-GPIIla and the human anti-PI*' antibodies used 
in this study! They found that both antibodies reacted in 
immunoblots of normal platelet membranes with a major 
band at mol wt 100.000 (comparable to our band 2, mol wt 
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90,000), a band 22,000 higher in mol wt (comparable to our 
band 1, mol wt 110,000), and a lower band of mol wt 71,000 
(comparable to our band 4, mol wt 64,000). They further 
showed that these bands are immunologically related 
because a similar MoAb lost reactivity against all three 
bands when adsorbed with the major band and that an 
affinity column containing the MoAb used in this study 
immunopurified both the mol wt 100,000 and mol wt 
122,000 proteins. They did not identify a band comparable to 
our band 3, but this may be related to minor technical 
differences, since we found that this band was difficult to 
resolve from the heavy, and broad band 2. It is not clear why 
they were able to identify the mol wt-71,000 band with these 
antibodies, whereas we were only able to identify a similar 
band with our heterologous antiserum. If this band is a 
proteolytic fragment of GPIHa, it is possible that this is a 
matter of sensitivity, since they used platelet membrane 
preparations that may have been more likely to have under- 
gone proteolysis during preparation than the whole platelet 
samples that we employed. In fact, chymotrypsin digestion of 
GPlIlla has been reported to result in the production of 
fragments of mol wt 58,000 to 60,000 that react with 
anti-P}*’ sera’ and may be comparable to these lower mol 
wt bands. It will remain for more detailed biochemical 
analyses of these minor bands to establish their relationship, 
if any, with GPilla. Interestingly, the minor bands observed 
by Dancis et al’! and in the present study have not been 
reported before in immunoblotting studies of GPIIla using 
either anti-GPIlla or anti-PI*' sera.” 55 The technique we 
used, which employs a gold-labeled second antibody and a 
subsequent silver enhancing step, is said by the manufacturer 
to be more sensitive than other methods, and this may 
account for these minor bands being detectable. In fact, we 
assessed the sensitivity for GPIIla to be at least fivefold 
greater than that reported by Nurden."” 

It is tempting to speculate that the mol wt-1 10,000 band is 
a precursor of GPIIla, but, in fact, post-transiational 
changes in carbohydrate (or other moieties) or modifications 
in the disulfide bond formation may account for the higher 
apparent mol wt. Moreover, Kieffer et al” found that a 
human anti-PI*' serum that reacted only with a mol wt- 
89,000 GPIHa band on native platelets reacted with a mol 
wt-105,000 protein when platelets were treated with chymo- 
trypsin; they speculated that the limited proteolysis may 
have altered the conformation of the molecule in a manner 
similar to that produced by disulfide bond reduction, which is 
known to increase the apparent mol wt of GPIHa in SDS- 
PAGE. Thus if a low level of endogenous protease activity 
exists, perhaps a minor component of higher apparent mol wt 
could be generated. 

Our studies were aiced by having a large number of 
patients from the Iraqi-Jewish population in which genera- 
tions of intramarriage m: ke it likely that most patients share 
the same genetic defect. This allowed us to analyze the 
consistency of immunoblot patterns in such a population. In 
fact, 14 of the 15 patients studied from this population had 
the same immunoblot pat ern: no detectable major band and 
either reduced or absent minor bands. Thus none of the 
techniques used to study these patients have been able to 
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clearly identify any residual GPIIb or GPIlla, leaving open 
the possibility that these patients suffer from a deletion of 
genetic information. 

The one Iraqi-Jewish patient who differed from the rest of 
this group had a unique pattern: absent mol wt-90,000 and 
mol wt-81,000 bands and reduced but clearly detectable mol 
wt-110,000 and mol wt-64,000 bands. Although it is possible 
to propose models that might account for such a finding and 
still be consistent with all of the protein bands being related 
to GPIlla, more informaticn is required before a plausible 
model can be proposed. Since his last platelet transfusion was 
~I month before one of the samples was obtained, it is 
unlikely that any of the transfused platelets remained in his 
circulation. The presence of only the mol wt-110,000 and mol 
wt-64,000 bands argues against these bands being the result 
of minor in vitro proteolysis of the mol wt-90,000 band. It is 
interesting to speculate on the genetics in this patient and 
how they may differ from the genetics in the other Iraqi- 
Jewish patients. In particular, since the frequency of the 
carrier state of the commoner defect is so high in this 
population,” it is possible that this patient is doubly hetero- 
zygous for two different defects rather than homozygous for 
a different recessive gene. 

The four Arab patients come from four unrelated families 
currently living in different regions in Israel. It was interest- 
ing, therefore, that all four patients tested had the same 
pattern: reduced but detectable major band, reduced minor 
bands, and the appearance of a new band at mol wt 47,000. 
Thus these patients cannot have a total deletion of GPHIa 
genctic information. Moreover, given the heterogeneity pre- 
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viously observed in immunoblot studies of type | thrombas- 
thenics,”” the similarity in patterns in all four patients 
suggests that they may share the same genetic defect. 
Although there are many different ways to explain the 
presence of the additional band, one simple interpretation is 
that the patients make an abnormal form of the protein that 
is cleaved by a protease(s) at this site. 

The consistency of the immunoblot patterns in Iraqi- 
Jewish and Arab populations emphasizes the relationship 
among members of each group and their difference from 
patients in the other group. In this way it demonstrates the 
power of the technique to differentiate among patient popu- 
lations that are identical by all other methods. As DNA 
probes for these glycoproteins become available. it will be 
interesting to correlate the immunoblot data with the DNA 
abnormalities. 


NOTE ADDED IN PROOF 


Since submission of this manuscript, we have studied another 
Arab patient with thrombasthenia. The patient is now living in the 
United States, and the sample was kindly obtained by Dr David 
Green of Northwestern University (Chicago). As with the other 
Arab patients, the Mr 90,000 band was markedly reduced, but stil! 
readily detectable, indicating the presence of GPH la. 
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Level of Protein C Determined by Combined Assays During Disseminated 
Intravascular Coagulation and Oral Anticoagulation 


By Jun Mimuro, Yoichi Sakata, Kenji Wakabayashi, and Michio Matsuda 


We have developed a variation of the solid-phase enzyme- 
linked immunosorbent assay (ELISA) to enable measure- 
ment of the activity and antigen levels of protein C (PC) in 
human plasma. With this assay it is possible to do both 
tests with the same sample and same microtiter plate 
coated with anti-PC monoclonal antibody {MCA)JTC-4, 
which inhibited neither activation of PC nor activity of 
activated PC (APC). Even in patients undergoing heparin 
treatment for severe disseminated intravascular coagula- 
tion, there were no detectable differences between amido- 
lytic activity and antigen levels of PC in patients’ plasma. In 
addition, there was a strong correlation between the 
immunologic levels of PC in patients’ plasma determined 
both by polyclonal ELISA using peroxidase-labeled immu- 


ROTEIN C (PC) is a vitamin K-dependent proenzyme 

of a serine protease that exerts an anticoagulant activ- 

ity through selective inactivation of factor Va and VHlIc.'? In 

addition, activated PC (APC) induces a fibrinolytic state 

when infused into dogs’ and decreases plasminogen activator 

inhibitor activity produced by cultured bovine aortic endo- 
thelial cells when cells are treated with APC.‘ 

Clinical evidence for PC’s role as a major antithrombotic 
factor arose from the observation that homozygous PC 
deficiency led to fatal neonatal purpura fulminans.> 
Although many assays have been developed to measure PC 
activity and antigen levels,” they all quantitate these two 
parameters separately. 

Since this could be one reason that previous reports'*” 
showed differences between PC activity and antigen levels in 
patients with disseminated intravascular coagulation (DIC), 
we developed a variation of ELISA to measure the levels of 
both PC activity and PC antigen in the same sample using 
one polystylene plate coated with anti-PC MCA. By using 
anti-PC MCA specific to the Ca?*-induced PC conforma- 
tion, the effects of warfarin treatment on the -y-carboxyglu- 
tamic acid (Gla) domain of PC were explored. 


MATERIALS AND METHODS 


Reagents. The following were purchased: essentially fatty acid- 
free bovine albumin; heparin sodium salt from porcine intestinal 
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nopurified antiprotein C-IlgG and those found with MCA 
ELISA using peroxidese-labeled MCAJTC-5, which does 
not bind to APC. In contrast, when oral anticoagulation 
therapy was started, immunologic levels of plasma PC 
estimated by peroxidase-labeled MCAJTC-1, a MCA that 
recognizes a y-carboxyglutamic acid domain-related con- 
formational change of PC induced by metal ions, decreased 
more rapidly than dic either the PC level determined by 
polycional ELISA or the percent prothrombin time. This 
suggested that comparison of MCAJTC-1-recognized PC 
levels and prothrombin time may be necessary at the 
beginning of oral anticoagulation therapy to treat patients 
safely. 

© 1987 by Grune & Stratton, inc. 


mucosa (170 u/mg); horseradish peroxidase (type IV); Tween 20 
(Sigma, St. Louis): solid-state lactoperoxidase-glucose oxidase; 
horseradish peroxidase-conjugated goat antimouse immunoglobulin 
(Bio-Rad, Richmond, CA); Sephadex G-25, Sephadex G-200, 
CNBr-activated Sepharese 4B (Pharmacia, Uppsala, Sweden): 
(DEAE diethyl aminoethyl)-cellulose (Whatman, Maidstone, Kent, 
England); 2,2'-azino-di(3-ethyl-benzthiazoline sulfonate); ABTS; 
(Kirkegaard & Perry, Gaithersburg, MD); H-D-Glu-Pro-Arg-p- 
nitroanilide ($2366) was a kind gift from Daiichi Chemical (Tokyo). 
Thrombin was purified by the method ef Lundblad et al. ° Human 
protein C was purified from citraied fresh human plasma as 
described by Suzuki et al.'* The synthetic peptide Asp-Pro-Glu- 
Asp-GIn-Glu-Asp-Gin-Val-Asp-Pro-Arg-Leu-Ile-Asp-Cys was 
kindly given to us by Dr J. Stenflo, Malmo, Sweden. Thrombemodu- 
lin was purified from rabbit lung extract according to Esmon et al." 
Human antithrombin IH was isolated as described previously. The 
extinction coefficients and mol wt used for calculating protein 
concentration were protein C, EI = 14.5, 62,000; thrombin, E iP = 
18.3, 37,000; mouse immunoglobulin, E/S" = 15.5, 150,000. Mono- 
specific antiserum agains: human protein C was prepared in rabbits 
as described.” Monoclonal antibodies (MoAbs) were produced 
according to the standard method as described previously” using 
BALB/c mice and the mouse myeloma cell line P3-X63-Ag8-U] 
(P3U1). 

Serum and ascites immunoglobulin fractions used in this study 
were purified by DEAE-cellulose and protein C-sepharose affinity 
chromatography. Enzyme-coupied antibodies were prepared by cou- 
pling horseradish peroxidase using meta-periodate according to the 
method of Nakane and Kawaoi."* Conjugated enzyme was separated 
from unconjugated immunoglobulin and enzyme by gel filtration on 
a Sephadex G-200 columa and was then stored at ~ 20°C until use. 

Immunoblotting technique. Sodium dodecyl sulfate polyacryl- 
amide gel electrophoresis (SDS-PAGE) on slab gels was carried out 
using a resolving gel of 10% acrylamide and a stacking gel of 4%. 
according to the method of Laemmli.” After fractionation by 
SDS-PAGE, the proteins in the gel were electrophoretically trans- 
ferred (50 V, 1.5 hours) to nitrocellulose (Bio-Rad) using an 
electroblot apparatus (Marysol Industry, Tokyo) with a cooling 
system and were subjected to immunoblotting analysis as described 
previously.” 

Activation of protein C. PC (720 pg/mL) was activated with 
thrombin (13 ug/mL) and thrombomodulin (7 mg/mL) in 0.05 
mol/L Tris-HCI, pH 7.4, 0.14 mol/L NaCl (TBS) containing 2.5 
mmol/L Ca** at 25°C as described previously.” APC was separated 
from thrombin, thrombomodulin, and residual PC by MCAJTC-|1 
and MCAJTC-5 immobilized on sepharose as described in Results. 
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Radioiodination. PC and MoAbs were radioiodinated using 
lactoperoxidase-glucose oxidase and Na I (19 Ci/mg) (New 
England Nuclear, Boston). The labeled PC and MCAJTC-1, 
MCASTC-4, and polyclonal antibodies had specific activities of 9 x 
104, 6 x 10°, 6.6 x 10°, 7,9 x 10° cpm/ug respectively. 

Competition for MCAJTC-5 between protein C and synthetic 
activation peptide of protein C. Polyviny! chloride microtiter 
plates were coated with MCAJTC-5 at 10 g/mL in 0.05 mol/L 
carbonate buffer, pH 9.6, for 16 hours at 4°C. The plates were then 
washed several times with TBS containing 1% bovine serum albu- 
min. Complete coating of the well surface was accomplished by 
incubation with the same buffer for one hour at 25°C. After washing 
three times with TBS containing 0.05% Tween 20 (TBS-Tween), 
"251 labeled PC was added to the well and the subsaturating level of 
PC was determined. Various concentrations of activation peptide 
and a constant subsaturating level of PC were added simultaneously 
to plates coated with MCAJTC-5 and were incubated for three 
hours at 37°C. After washing five times with TBS containing 0.05% 
Tween 20, the wells were removed and the radioactivity in each well 
was determined. 

Binding studies. The dissociation constanis (Kd) of '**I-labeled 
MCAJSTC-4 for human PC and APC were assessed by a solid-phase 
assay, previously described by Frankel and Gerhard.” Polyvinyl 
chloride microtiter plates (96 wells, Titer Tek: Flow Laboratories, 
McLean, VA) were coated with PC or APC dissolved at a concentra- 
tion of 10 ug/mL in TBS for 16 hours at 4°C. After being washed 
five times with TBS containing 1% bovine serum albumin and 0.05% 
Tween 20, the plates were incubated with TBS-containing 1% bovine 
serum albumin for two hours at 37°C. Various concentrations of 
"51 labeled antibody, dissolved in TBS, were added to the coated 
wells and allowed to incubate for three hours at 37°C. The solution 
was removed by aspiration, and the wells were washed three times 
with TBS containing 1% bovine serum albumin and 0.05% Tween 
20. After the final wash the wells were individually removed and 
subjected to y counting. For each antibody concentration the results 
of four replicate wells were averaged. Subtracted from these counts 
were those from controls in which the same concentration of 
"31 labeled antibody was incubated in wells fully coated with 
albumin. The level of the radioactivity found in each well was 
converted to bound antibody concentration, and the dissociation 
constants were calculated as previously described.” 

Amidolytic assay. Polyvinyl chloride microtiter plates were 
coated with MCAJTC-4 (10 ug/mL) in the same manner as in the 
competition study. After washing five times with TBS-Tween, 
purified PC, normal plasma, or patients’ plasma in washing buffer 
(100 uL /well) were added to the coated wells and incubated for four 
hours at 37°C. The wells were then washed five times with TBS- 
Tween. A mixture of a-thrombin (4 ng/mL) and different concen- 
trations of thrombomodulin, dissolved in TBS-Tween containing 1% 
bovine serum albumin and 5 mmol/L calcium chloride, was added to 
each well and incubated for various times at 37°C. After washing 
three times with TBS-Tween, antithrombin TH (250 ug/mL), dis- 
solved in TBS containing | U/mL heparin, was added to each well 
and incubated for 30 minutes at 25°C. H-D-Glu-Pro-Arg-P-nitroan- 
ilide (S2366) was then placed in each well. Hydrolysis was 
performed at 25°C, and the absorbance at 405 nm was monitored on 
an ELISA analyzer ETY-96 (Toyo Sokki, Tokyo). 

Solid-phase ELISA. Levels of PC antigen binding to 
MCAJTC-4-coated wells were determined before and after activa- 
tion with thrombin-thrombomodulin complex. Before activation 
with thrombin-thrombomodulin, peroxidase-conjugated PCA, 
MCAJTC-S, or JTC-3 in TBS-Tween was added to each well in the 
absence or presence of 5 mmol/L CaCl, and were then incubated at 
4°C for 16 hours. At the end of this period, after washing three times 
with TBS-Tween with or without CaCl,, 200 aL of freshly mixed 
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ABTS was placed in each well according to the manufacturer's 
directions. Hydrolysis was monitored at 25°C on an ELISA analyzer 
at 405 nm. For sequential determination of PC amidolytic activity 
and antigen levels bound in the same well, each well was washed 
three times with TBS-Tween after the APC amidolytic activity had 
been measured, and then horseradish peroxidase-conjugated anti- 
body was added. Standard curves for each assay were constructed by 
using purified human PC dissolved in TBS containing 1% bovine 
serum albumin or either PC-deficient plasma or PC-immunode- 
pleted plasma supplemented with purified human PC. 

Collection of plasma samples. Blood was collected from anticu- 
bital veins into 0.1 vol of 3.8% sodium citrate and was centrifuged at 
2,000 g for 20 minutes to prepare platelet-poor plasma (PPP). 
Pooled normal PPP was obtained from 20 healthy donors. All plasma 
was stored at —80°C until use. Single time-point plasma samples 
were taken from patients with DIC, which had been confirmed by 
marked reductions in platelet counts, fibrinogen, antithrombin HI 
(except in acute promyelocytic leukemia), plasminogen, and ar 
plasmin inhibitor levels, and prolonged partial thromboplastin and 
prothrombin times. All patients had elevated levels of fibrin degra- 
dation products and of fibrinopeptide A release. as measured by 
radioimmunoassay (RIA) described by Nossel et al.” Patients with 
pre-existing liver disease or laboratory evidence of liver disease were 
eliminated from the DIC group in this study. Patients with labora- 
tory evidence of DIC in association with acute leukemias (five acute 
promyelocytic, ten myeloid, and two lymphoid) and [6 other clinical 
conditions (septic, carcinomatous, or obstetric) were investigated. In 
the sequential study, four serial samples were taken over a period of 
time from five patients, including one associated with acute promy- 
elocytic leukemia. Patients with severe chronic liver disease, except 
for hepatoma, had laboratory data consistent with liver failure 
(albumin <2 g/100 mL, cholinesterase <0.2 pH/hour, elevated 
transaminases, and prolonged prothrombin time). Plasma samples 
from previously described congenital PC-deficient patients’? and 
their families with no thrombosis for a period of 6 months were 
analyzed. Patients starting warfarin therapy due to deep-vein throm- 
bosis or myocardial infarction were treated without a loading dose 
and received the same dose of warfarin for several days prior to 
testing. 


RESULTS 


The antigenic target for MCAJTC-4 and MCAITC-5, 
two antibodies that have no effect on APC amidolytic 
activity, is the PC heavy chain, as has been described.” As 
shown in Fig 1, MCAJTC-4 bound to both PC and APC, but 
MCAJTC-5 did not bind to APC. An experiment was 
designed to test whether I-labeled APC could bind to 
microtiter plates coated with MCAJTC-§. Prior to our 
binding experiments, the PC subsaturating level was deter- 
mined using '*I-labeled PC. In the binding experiment, 
'51 labeled PC was activated at 25°C with thrombin and 
thrombomodulin as described.’ After incubation for various 
time periods (Fig 2), samples were removed and mixed with 
antithrombin HI to terminate the activation. One portion of 
each sample was used to determine APC activity against 
$2366, while the remainder was added to individual wells of 
a plate coated with MCAJTC-5 to observe binding of the 
radioactivity. Figure 2 shows that as APC amidolytic activity 
increased in each sample, the binding of radioactivity to the 
plate gradually decreased. 

During the activation of human PC by thrombin-thrombo- 
modulin complex, an Arg,,-Leu,,; bond is cleaved at the 
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Fig 1. Immunoblotting of human PC and APC after SDS-PAGE 
using MoAbs against human PC. Five hundred nanograms of 
human PC (a) or APC (b) were electrophoresed by SDS-PAGE, and 
the protein was transferred to a nitrocellulose membrane. Strips 
cut from the membrane were incubated with MoAbs JTC-4 (A) or 
JTC-5 (B). Immunoreactive protein bands on these strips were 
detected by peroxidase-conjugated goat antimouse IgG immuno- 
globulin and 4-chloro-l-napthol as described in the Materials and 
Methods section. 
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Fig 2. Effect of PC activation on PC binding to MCAJTC-5. 
“*\-labeled PC (720 g/mL) was activated by thrombin (13 ug/ml) 
and thrombomodulin (7 g/mL) in a tube at 25°C. After various 
lengths of time, aliquots of the mixture were removed, and 
activation was terminated by the addition of antithrombin Ill 
(2 mg/mL). The APC present was measured by hydrolysis of 
$2366. A constant and subsaturating level of the PC and APC 
mixture was added to individual wells coated with MCAJTC-5 at 
each time. The binding of PC to MCAJTC-5 was evaluated by 
measuring radioactivity in each well. 
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amino-terminal end of the protein’s heavy chain, releasing a 
small dodecapeptide of mol wt 1,400.” To determine 
whether the MCAJTC-S had an epitope in the activation 
peptide region, a competitive binding assay was carried out 
using '**I-labeled PC and a synthetic dodecapeptide. 

The binding of '**I-labeled PC to MCAJTC-5 was dimin- 
ished by the presence of the synthetic dodecapeptide in a 
dose-dependent manner (Fig 3). However, a concentration of 
dodecapeptide higher than that of PC was necessary to 
prevent the binding of MCAJTC-5 to PC due to the lower 
affinity of MCAJTC-S to dodecapeptide (Kd = 9.6 x 10°° 
mol/L). 

Moreover, MCAJTC-S inhibited the activation of PC both 
by thrombin and thrombin-thrombomodulin (data not 
shown). These results indicate that MCAJTC-5 recognizes 
the activation peptide region of PC. A similar MoAb against 
the PC activation-peptide region was previously reported by 
Laurell et al.” 

The dissociation constants for '**I-labeled MCAJTC-4 
and MCAJTC-5 to human PC and APC were determined by 
the assay described in the Materials and Methods section. 
PC was activated by thrombin-thrombomodulin complex in 
the presence of Ca?*.'’ After activation, the complex was 
removed by the application of the activation mixture to 
MCAJTC-1 immobilized on a column. PC and APC bound 
to this in the presence of Ca?’ and were eluted in its 
absence.” Trace amounts of residual PC were removed from 
the eluate using MCAJTC-5 immobilized on a column. Pure 
APC was obtained in the breakthrough. Prior to the binding 
experiments were confirmed by a competition assay that the 
affinities of radiolabeled MCAJTC-4 and MCAJTC-S for 
PC and APC were the same as those of the native nonlabeled 
MoAbs. The data were treated by a modified Scatchard plot, 
as described by Frankel and Gerhard.” Each Sips hetero- 
geneity index, a, for JTC-4 and JTC-5 toward PC and APC, 
when calculated from the data approximated 1.0. The disso- 
ciation constants for JTC-4 with PC (Kd = 6.80 x 10°? M) 
and APC (Kd = 8.70 x 10°* mol/L) were very close (Table 
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Fig 3. Competitive binding of PC and synthetic dodecapeptide 
to JTC-5. A constant and subsaturating level of ‘I-labeled PC for 
MCAJTC-5 was mixed with various concentrations of synthetic 
dodecapeptide and added to individual wells of plate coated with 
10 ug/mL MCAJTC-5. The results are shown as a percentage of 
“*\labeled PC bound in the absence of competing synthetic 
peptide. 
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Table 1. Dissociation Constants for Anti-PC Antibodies 











to PC and APC 
i Kd 
IgG Protein C Activated Protein C 
JTC-4 6.86 x 10°°M 8.70 x 10°° 
JTC-5 5.10 x 10°° ND* 





For determination of the dissociation constant (Kd), a variation of 
Scatchard analysis using '25) labeled MoAb was performed as described 
in the Materials and Methods section. 

*MCAJTC-5 did not bind to APC. 


1), but I-labeled MCAJTC-5 showed no binding to solid- 
phase APC. 

PC antigen levels were determined by ELISA in purified 
preparations and in PC-deficient plasma supplemented with 
PC using a combination of JTC-4 and horseradish peroxi- 
dase-coupled immunopurified anti-PC polyclonal antibody. 
A linear dose response curve of PC concentration against 
absorbance at 405 nm was obtained (data not shown). When 
a standard curve was constructed using plasma reconstituted 
by mixing normal and PC-immunodepleted plasmas, the 
results were also satisfactory (data now shown). Because the 
dissociation constants for MCAJTC-4 with PC and APC 
were very close, we explored the possibility of a combined 
assay system for PC antigen and PC function in plasma 
samples. 

Figure 4 shows the activation of PC bound to JTC-4 
coated wells with a mixture containing 4 ng/mL of thrombin 
and different amounts of thrombomodulin. Since more than 
10 ng/mL. of thrombomodulin did not increase further the 
activation rate of PC and maximum activation was obtained 
after one hour of incubation at 37°C in the presence of 5 
mmol/L CaCl, these conditions were chosen for routine 
activation. After determination of the level of APC activity, 
plates were washed and the APC antigen level was measured. 
As shown in Fig 5, the observed levels of PC and APC 
antigens correlated well, and the between-assay coefficient of 
variation was 2.5%. Furthermore, good correlation was 
observed between PC levels determined by this assay and by 
the Laurell rocket technique” (data not shown). To deter- 
mine whether this assay could detect both plasma PC activity 
and antigen levels, PC-deficient plasma supplemented with 
human PC was used to construct standard curves (Fig 6). A 
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Fig4. Activation of PC bound to MCAJTC-4 coated wells by 
thrombin (4 ng/mL) and O (O), 2 (W), 5 (4), and 10 (@) ng 
thrombomodulin/mL in the presence of 5 mmol/L CaC1,. APC was 
measured by hydrolysis of $2366. 
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Fig 5. Correlation between PC antigen levels determined by 
ELISA before and after activation. Experimenta! conditions were 
as described in the Materials and Methods section. Vertical bars 
represent SEM of nine measurements. 


linear relationship between concentrations of PC added and 
of synthetic substrate cleaved was observed. 

Since APC in plasma may exist as a complex with its 
specific inhibitor,” the effect of plasma PC inhibitor (PCI) 
on the binding of APC to MCAJTC-4 was tested. To remove 
the effect of PC in normal plasma on the binding of APC to 
the plate, citrated and heparinized PC-deficient plasma were 
used, since these plasma inhibited APC activity in the same 
way as normal plasma, as previously reported by Comp et al 
These plasma samples were preincubated for 60 minutes at 
37°C with various concentrations of APC and were then 
added to wells coated with a constant amount of MCAJTC- 
4. The concentrations of APC and APC-PCI complex bound 
to MCAJTC-4 were determined by polyclonal ELISA (a 
combination of MCAJTC-4 and peroxidase-conjugated 
polyclonal anti-PC). 
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Fig 6. Effect of PC concentration on amidolytic activity. Puri- 
fied human PC dissolved in TBS containing 1% bovine serum 
albumin (@) or PC-deficient plasma supplemented with purified PC 
(O) was added to wells of plates coated with MCAJTC-4. After 
washing, PC bound to the wells was activated by thrombin and 
thrombomodulin. Amidolytic activity of APC bound to the wells 
was measured as described in the Materials and Methods section. 
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Fig 7. Effect of plasma PC inhibitor on the binding of APC to 


MCAJTC-4. Various concentrations of APC as indicated were 
preincubated with TBS containing 1% bovine serum albumin (@), 
congenital PC deficient plasma (O), or PC immunodepleted plasma 
(A) for one hour at 37°C. Level of APC antigen was determined as 
described in the Materials and Methods section. 


As shown in Fig 7, it was suggested that MCAJTC-4 
recognized APC and APC-PCI complex in a similar way. 
Figure 8 illustrates the relationship of amidolytic activity to 
PC antigen levels after activation in controls and in the 
patient series using MCAJTC-4 and_peroxidase-labeled 
polyclonal anti-PC IgG. The between-assay coefficient of 
variation was less than 2.3% when purified PC or PC- 
deficient plasma supplemented with purified PC was used. 

There was a good correlation between the PC antigen 
levels and amidolytic activities in normal subjects, in patients 
with liver cirrhosis, and in warfarin-treated patients. In those 
with DIC, the correlation was also satisfactory, although PC 
levels were decreased (40 + 21%, n = 27), except when DIC 
was associated with acute promyelocytic leukemia 
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Fig 8. Relationship of PC amidolytic activity to plasma PC 


antigen levels in normal controls (@), patients with chronic liver 
disease (Ñ), patients receiving oral anticoagulant therapy (O), 
patients with PC congenital deficiency (4), and patients with DIC 
(a). *& - DIC with acute promyelocytic leukemia. 
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(90 + 15%, n= 5). We also analyzed four serial samples 
from five cases of DIC with or without liver damage. 
Although PC activity and antigen levels varied according to 
the course of the DIC, there were no detectable discrepancies 
between the PC activity and antigen levels in each patient's 
plasma (data included in Fig 8). Since heparinized norma! 
plasma and PC-deficient plasma did not support the binding 
of I APC to MCAJTC-5 coated wells (data not shown), it 
was supposed that MCAJSTC-5 recognized neither APC 
(Figs 2 and 3) nor APC-PCI complex. 

To confirm that there was almost no discrepancy between 
PC activity and antigen levels in DIC patients, the patients’ 
PC antigen levels were also measured by ELISA using a 
combination of MCAJTC-4 and conjugate-labeled 
MCAJTC-5 (JTC-5 ELISA) or polyclonal anti-PC antibody 
(polyclonal ELISA). The between-assay coefficient of varia- 
tion was 1.8% when purified PC or PC-deficient plasma 
supplemented with purified PC were used. As shown in Fig 9, 
there were no discrepancies between polyclonal ELISA and 
JTC-5 ELISA-determined PC antigen levels in samples from 
40 patients with DIC. 

It was suggested that MCAJTC-1 recognized a Gla 
domain-related conformational change induced by metal 
ions, evidenced by the fact that half-maximal binding was 
observed at a calcium concentration of 0.5 mmol/L, by the 
fact that the antibody, even in the presence of Ca?’ , did not 
react with Gla domainless PC, and by the fact that Zn?* and 
Tb** supported binding in essentially the same way.” 

Since MCAJTC-4 did not interfere with the binding of 
MCAJTC-1 to PC in the presence of Ca?*,” the ameunt of 
PC recognized by MCAJTC-1 in disease states and during 
warfarin therapy was measured using MCAJTC-4-coated 
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ELISA. Plates were coated with MCAJTC-4. The level of antigen 
bound to MCAJTC-4-coated wells was quantitated using peroxi- 
dase-conjugated rabbit anti-PC polyclonal antibody (polyclonal 
ELISA) or peroxidase-conjugated JTC-5 (JTC-5 ELISA}. Symbols 
are the same as in Fig 8. 
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wells and peroxidase-conjugated MCAJTC-1 and was calcu- 
lated from a standard curve as percent binding. The 
between-assay coefficient of variation was 2.3% when puri- 
fied PC or PC-deficient plasma supplemented with purified 
PC were used. The ratio of PC antigen determined by JTC-1 
ELISA to that measured by polyclonal ELISA in the pres- 
ence of CA** was not significantly different from unity in 
normal controls and in patients with liver cirrhosis and DIC 
(Fig 10). However, as we previously reported,” this ratio was 
reduced in warfarin-treated patients. Although PC, recog- 
nized by MCAJTC-1, might not be necessarily Gla domain- 
intact PC, to obtain a more convenient assay to measure Gla 
domain-intact PC in warfarin-treated individuals, the levels 
of PC in sequential plasma samples taken over a period of 
time from five patients treated with warfarin without a 
loading dose were measured by polyclonal, JTC-1, and 
JTC-5 ELISAs. 

In all cases the levels of PC determined by JTC-1 ELISA 
decreased more rapidly than when measured by polyclonal or 
JTC-5 ELISA. Moreover, PC antigen levels determined by 
JTC-l ELISA were reduced more rapidly than percent of 
prothrombin time (Fig 11). 


DISCUSSION 
Previous studies suggested that levels of PC antigen were 
low in clinical conditions associated with DIC, 9 2 and 


increased clearance of in vivo activated PC has been sug- 
gested as an explanation. However, Radeghiero et al” did 
not find a significant decrease in PC in their patients with 
DIC associated with acute leukemia. Our results are similar 
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Fig 10. Correlation between polycional ELISA and JTC-1 
ELISA. Plates were coated with MCAJTC-4. Plasma samples were 
added to the wells and incubated for three hours at 37°C. After 
washing, the amount of bound PC was measured in the presence 
of & mmol/L CaCl, using polyclonal ELISA and peroxidase- 
conjugated JTC-1 (JTC-1 ELISA). Symbols are the same as in 
Fig 8. 
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Fig 11. Changes in PC antigen level compared to changes of 


prothrombin time (@) in plasma of patients with deep vein throm- 
bosis (dotted line) or myocardial infarction (solid line) starting 
warfarin therapy (10 mgd) without loading dose. Plasma PC 
antigen level was measured by polyclonal ELISA (3). JTC-5 ELISA 
(A), or JTC-1 ELISA {O} in the presence of Ca’”. 


to theirs only in DIC cases associated with acute promyelo- 
cytic leukemia. Such DIC cases may be exceptional because 
these patients had normal PC and antithrombin IH activity 
and antigen levels, although they had high levels of fibrino- 
peptide A release and a,PI-plasmin complex (data not 
shown). Marlar et al? measured serial PC levels during DIC 
progression and observed that the PC activity decreased in 
DIC patients in parallel with PC inhibitor (PCI) and was 
lower than PC antigen levels. To determine chromogenic 
activity “after activation” with thrombin-thrombomodulin, 
they removed APC from the plasma by polyclonal anti-PC 
IgG-Sepharose. However, the dose of heparin used to treat 
DIC patients is enough to enhance the neutralization of APC 
activity by plasma PCI” during activation with thrombin- 
thrombomodulin in vitro. Furthermore, other components 
may have been generated during DIC that influenced PC 
activation. In addition, they separately measured PC antigen 
levels in the plasma before activation by a radiolabeled 
Laurel electroimmunoassay. 

On the other hand, D'Angelo et al initially removed PC 
from heparinized plasma in the presence of Ca’ by using a 
Ca?*-dependent MCA directed against human PC, which 
bound to human PC independently of the presence of Gla 
residues. They then determined the activity of the removed 
PC. They neglected plasma APC and the APC-PCI complex 
because their Ca?*-dependent MCA recognized neither of 
them. 

However, they could find no discrepancies in the ratio of 
amidolytic activity in the removed PC to Laurell rocket- 
determined plasma PC antigen in both controls and DIC 
patients. In contrast to their separate assays, the combined 
assay system for PC antigen and activity levels described in 
this paper provides a suitable method for measuring the 
specific activity (ratio of amidolytic activity to antigen level) 
of PC in normal and patient plasma. Before activation we 
adsorbed PC from plasma to the plate coated with 
MCAJTC-4, which binds PC. APC, and APC-PCI almost 
equally. After activation of absorbed PC, thrombin-throm- 
bomodulin was neutralized and washed away. Then the 
amidolytic and antigen levels of PC just adsorbed on the 
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plate were determined successively. Our results were basi- 
cally the same as those reported by D'Angelo. 

To confirm our results the levels of PC antigen in plasma 
were determined by polyclonal ELISA without activation 
(MCAJTC-4-polyclonal anti-PC) and were compared with 
those determined by JTC-5 ELISA (MCAJTC-4- 
MCAJTC-5), which was not able to measure APC or 
APC-PCI. PC levels correlated well in both methods 
(Fig. 7). 

Given that the half-life of APC has previously been 
reported” to average 10 to 15 minutes and that of PC 
activation peptide five minutes,'* APC concentrations gener- 
ated in the systemic circulation of patients with DIC might 
be as high as 0.02% to 2% of the total circulating zymogen. 
Our results and previous observations strongly suggest that 
PC levels are low and APC levels are undetectable in the 
circulating plasma of individuals with DIC. This may be due 
to rapid clearance of APC from the plasma by the reticuloen- 
dothelial system or due to binding of APC to endothelial cells 
or other surfaces. However, we cannot deny that there may 
be detectable APC-PCI complex in the plasma of patients 
with liver disease-associated DIC due to a decrease in 
clearance. We also developed the PC assay to enable the 
assessment of levels of Gla domain-incomplete PC in plasma 
of patients. This could be achieved by comparison of PC 
levels determined by JTC-1 ELISA and polyclonal ELISA 
or JTC-5 ELISA. 

Previous studies demonstrated that the Gla domain of PC 
was essential for optimal PC activation on the endothelial 
cells and was required for expression of membrane-depen- 
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dent anticoagulant activity. Recently it has been proposed 
that the rapid decrease in PC levels after the start of warfarin 
therapy, relative to the decreases in concentration of most 
other vitamin K-dependent clotting factors, gives rise to a 
transient PC deficiency state, resulting in a transient hyper- 
coagulable condition?! 

The levels of PC determined by JTC-1 ELISA may not 
necessarily correlate with PC anticoagulant activity, since 
the number of Gla residues in PC required for expression of 
anticoagulant activity and membrane interaction is not clear. 
However, the decrease in PC levels measured by JTC-1 
ELISA was more rapid than that of percent prothrombin 
time and of PC levels measured by JTC-S or polyclonal 
ELISA (Fig 11). Although no statistical test was applied, 
these results suggest that comparison of the decrease in PC 
levels measured by JTC-1 ELISA with that of percent 
prothrombin time would be useful in recognizing a transient 
hypercoagulable state in patients treated by oral anticoagu- 
lant therapy. Following these observations we treated 
patients with minidoses of heparin at the beginning of oral 
anticoagulation therapy, even in cases of nonloading dose 
treatment. However, since heparin also enhances inhibition 
of APC by PCI, further studies are needed, especially to 
treat congenital or acquired PC-deficient patients with war- 
farin. 
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A Novel Platelet Aggregating Factor Found ina Patient With Defective 
Collagen-Induced Platelet Aggregation and Autoimmune Thrombocytopenia 


By Tateo Sugiyama, Minoru Okuma, Fumitaka Ushikubi, Shigeki Sensaki, Kenji Kanaji, and Haruto Uchino 


We found a novel platelet aggregating factor in a patient 
with steroid-responsive immune thrombocytopenic pur- 
pura that is associated with defective collagen-induced 
platelet functions. The aggregating factor and platelet 
functions were analyzed. The patient, a 58-year-old 
female, had purpura and prolonged bleeding time despite 
adequate platelet counts (> 140,000/L) after steroid ther- 
apy. The patient's platelets responded normally to all 
agonists except collagen. Platelet adhesion to collagen 
fibrils was decreased. The patient's plasma induced irre- 
versible aggregation and ATP release in normal platelet- 
rich plasma (PRP). This platelet aggregating factor was 
found in F(ab’), fragments of the patient’s IgG, which 
caused thromboxane B, synthesis, elevation of cytoplasmic 
Ca?’ levels, and phosphorylation of 40 kDa protein in 
normal platelets. Platelet aggregation by the patient's IgG 
was inhibited by prostacyclin, dibutyryl cAMP, diltiazem, 
disodium ethylenediaminetetraacetate, and antimycin A 
plus iodoacetate, but ADP scavengers, cyclo-oxygenase 
inhibitors, and heparin had little or no effect. The aggregat- 


DIOPATHIC thrombocytopenic purpura (ITP) is a com- 
mon hemorrhagic syndrome characterized by a reduced 
number of circulating platelets, normal to increased numbers 
of megakaryocytes, and accelerated platelet destruction.'* 
There is ample evidence that, at least in adults, platelet 
destruction is caused by the binding of an antiplatelet 
autoantibody to platelet-specific antigen. Further implica- 
tion of ITP as an autoimmune disorder is the strong associa- 
tion between ITP and well-defined autoimmune diseases 
such as Graves’ disease,’ Hashimoto's thyroiditis? and sys- 
temic lupus erythematosus.* 

Several reports have been published describing an associa- 
tion between antiplatelet antibodies and various platelet 
function disorders.*'° These reports suggest that antiplatelet 
antibody can contribute to or be responsible for not only 
quantitative but also qualitative platelet disorders, which can 
explain why some ITP patients with platelet counts greater 
than 50,000/uL still present a bleeding tendency. Although 
these qualitative platelet defects have been attributed to the 
effect of antiplatelet antibody, the underlying basis for an 
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ing activity of the patient's IgG absorbed to and eluted from 
normal platelets. The patient's Fab fragments did not 
induce platelet aggregation in eight of ten normal PRP but 
specifically inhibited aggregation induced by collagen and 
by the patient's IgG. The major component of an immuno- 
precipitate made with the patient's IgG from radiolabeled 
membrane proteins of normal piatelet extract had a 62 kDa 
mol wt, while no such precipitate appeared in extracts of 
the patient's platelets. These results indicated that plate- 
let aggregation by the patient's IgG was induced by the 
reaction of an antibody with a specific antigen on the 
normal platelet membrane through stimulus-response cou- 
pling. This antigen may be a collagen receptor on the 
platelet, most likely a polypeptide of 62 kDa under reducing 
condition. The defect of collagen-induced aggregation of 
the patient's platelets seemed to be due to alteration of the 
membrane protein related to this putative collagen recep- 
tor. 

è 1987 by Grune & Stratton, Inc. 


immune-mediated impairment of platelet functions is still 
unclear. It may be different from case to case, as recent 
studies on the antigenic specificity of antiplatelet antibodies 
in chronic ITP have shown that the target epitope differed 
among patients." Accordingly, it should be of a great interest 
to know the nature of the antiplatelet antibody affecting the 
functions of autologous and/or homologous platelets, espe- 
cially in relation to the significance of platelet membrane 
antigen on physiologic platelet responses. 

Collagen plays an impertant role in primary events of 
hemostasis in vivo.'? While it can be assumed that there is a 
specific molecule on the surface of platelets that interacts 
with collagen, the identity of a collagen receptor on the 
platelet remains unclear despite extensive investigations in 
many laboratories. ™® In this article we describe a novel 
platelet aggregating factor found in plasma of an ITP patient 
who showed a specific defect of collagen-induced platelet 
aggregation. Analysis of the factor revealed that it has 
characteristics of an antibody to a putative collagen receptor 
on the platelet membrane. 


MATERIALS AND METHODS 


Case report. The patient was a 58-year-old woman in 1986, and 
her past history revealed that she had given birth to two children 
without any problem and underwent a cataract operation without 
excessive bleeding at age 49. There was no family history of bleeding 
tendencies. In 1982 she was found, during physical examination, to 
have thrombocytopenia (15,000/uL), but no further examination 
was undertaken. From September 1983 she suffered from recurrent 
cutaneous ecchymoses, frequent episodes of epistaxis and gum 
bleeding, thirst, excessive sweating, palpitation, and weight loss. In 
December 1983, because of massive nasa! bleeding. platelet concen- 
trate prepared from 400-mL blood was transfused at a local hospital, 
and she was admitted to Kyoto University Hospital with a diagnosis 
of thrombocytopenic purpura and hyperthyroidism. Physical exami- 
nation showed multiple ecchymoses and petechiae over the extremi- 
ties and the trunk as well as diffuse goiter. There was no evidence of 
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splenomegaly. Her blood counts showed 326 x 10* RBCs/»L, 6,100 
leukocytes/pl. and 13,000 platelets/uL. Bleeding time by Duke's 
method”! was prolonged (ten minutes; normal < three minutes). A 
bone marrow aspirate showed hypercellularity with immature mega- 
karyocytes. Prothrombin time, activated partial thromboplastin 
time, and plasma fibrinogen concentration were all within normal 
limits. Serum triiodothyronine and total thyroxine levels were ele- 
vated, and thyroid-stimulating hormone (TSH) level was decreased. 
Tests for serum antithyroglobulin and antimicrosome antibodies 
were positive. A diagnosis of immune thrombocytopenic purpura 
associated with Graves’ disease was made, and treatment with 
prednisolone (45 mg/d) and methimazole (30 mg/d) was initiated. 
Her platelet count rose rapidly to 168,000/L, and prednisolone was 
tapered to 10 mg/d. Abnormal thyroid test results also quickly 
improved. Although her platelet counts remained above 140,000/uL 
(normal range 130,000 to 350,000/uL), occasional ecchymoses and 
petechiae continued, and bleeding times by Duke's method (five to 
ten minutes) and a template method” (16.5 minutes; normal range 
three to 9.5 minutes) remained prolonged. Therefore platelet dys- 
function was suspected at this time, and we investigated the patient's 
platelet functions as well as platelet-poor plasma (PPP, vide infra) 
obtained after the patient's platelet counts became normal. All tests 
on platelets were done during treatment with prednisolone (5 to 15 
mg/d) and methimazole (5 to 10 mg/d) without any other drugs 
that are known to interfere with platelet functions. 

Normal controls. Healthy adult blood donors who had taken no 
drugs for at least 2 weeks were chosen as normal controls. All studies 
were done after informed consent was obtained from the patient and 
normal subjects. 

Platelet preparation. The collection of blood and preparation of 
platelet-rich plasma (PRP) as well as PPP were carried out as 
previously described.” For preparation of washed platelets, PRP was 
acidified to approximately pH 6.5 with acid citrate dextrose solution 
(38.1 mmol/L citric acid, 74.8 mmol/L trisodium citrate, 122.1 
mmol/L dextrose), and platelets were pelleted by centrifugation at 
1,100 g for ten minutes. The platelets were washed twice in platelet 
washing buffer (10 mmol/L Tris-HCl, 150 mmol/L NaCl, | 
mmol/L EDTA, 5 mmol/L glucose, pH 7.4) and finally resuspended 
in HEPES-buffered saline (10 mmol/L HEPES, 145 mmol/L 
NaCl, 5 mmol/L KCI, 0.5 mmol/L Na,HPO,, 6 mmol/L glucose, 
pH 7.4) or in buffer, as indicated in each experiment. Formalin-fixed 
washed platelets (FWP) were prepared according to the method of 
Kirby and Mills.°* The FWP were washed twice with platelet 
washing buffer and resuspended in 10 mmol/L phosphate-buffered 
saline (PBS), pH 7.4. Platelet counts were done by Thrombocounter 
C (Coulter Diagnostics, Hialeah, FL). All procedures were carried 
out at room temperature. 

Platelet aggregation and ATP secretion. Platelet aggregation 
experiments were performed nephelometrically™ at a density of 3 x 
10° platelets/uL on PRP or on washed platelet suspensions using a 
dual-channel aggregometer (NKK Hematracer, Niko Bioscience, 
Tokyo, Japan) linked to a pen recorder. Calcium chloride was added 
to the washed platelet suspension at | mmol/L before aggregation 
studies. In experiments with platelet-inhibiting agents, PRP was 
preincubated with the inhibitor for three minutes at 37°C before the 
addition of IgG (100 ug /mL), except for iodoacetate and antimycin 
A (Boehringer Mannheim, West Germany) with which PRP was 
preincubated for ten minutes. For the secretion study ATP release 
was monitored on Lumiaggregometer (Chrono-Log, Havertown, 
PA). as described previously.” 

Platelet adhesion to collagen fibrils. Platelet adhesion to col- 
lagen fibrils was studied according to a modified method of Mant.” 
In short, blood was collected in one tenth volume of 77 mmol/L 
EDTA, pH 7.4, and PRP and PPP were prepared as described above. 
“Acid soluble” collagen (suspension of fine collagen fibrils) was 
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prepared from bovine achilles tendon collagen (type Il, Sigma 
Chemical, St Louis). One fifth milliliter of EDTA-anticoagulated 
PRP (3 x 10° platelets/uL) was continuously stirred in a cuvette at 
37°C on the aggregometer, and collagen at a final concentration of 
15, 30, or 60 ug/mL, or saline (as a control) was added. After five 
minutes, nonadherent platelets in each sample were counted in 
Thrombocounter C, and platelet adhesion (%) was calculated using 
the formula: (platelet count of control PRP ~ platelet count of 
collagen-treated PRP) x 100/platelet count of control PRP. 

Platelet ATP and ADP contents. The platelet contents of ATP 
and ADP were determined by the firefly-luminescence method as 
described previously.” 

Release of lactate dehydrogenase. Samples of PRP (0.2 mL) 
were stirred at 37°C and exposed to the patients IgG, collagen, or 
saline. After five minutes, samples were removed and centrifuged at 
10,000 g for two minutes. The lactate dehydrogenase (LDH) activity 
in the supernatant and its total activity after solubilization with 0.5% 
(wt/vol) Triton X-100 were determined according to the standard 
assay technique using an LDH kit (latro LDH-LQ, latron, Tokyo, 
Japan). LDH release was expressed by the activity in the superna- 
tant as a percentage of the total activity. 

Purification of IgG and preparation of Ffab), fragment, Fab 
fragment, and Fe fragment. Purified IgG was prepared from PPP 
by affinity chromatography with protein-A Sepharose CL-4B (Phar- 
macia Fine Chemicals, Piscataway. NJ).°° The IgG fraction was 
dialyzed against PBS and concentrated to the desired protem 
concentration on Amicon Ultrafiltration Cell (Amicon, Danvers, 
MA). F(ab’), fragments were prepared from purified IgG by pepsin 
digestion” and isolated on a Sephadex GI00 column (Pharmacia 
Fine Chemicals). Residual undigested IgG was removed on a 
protein-A Sepharose column. Fab fragments and Fe fragments were 
prepared from purified IgG by papain digestion.” The digestion 
products were applied to a Sephadex G100 column to obtain 
fractions containing Fab fragments and Fe fragments followed by 
purification of each fragment on a protein-A Sepharose column. 
Purities of IgG and these fragments were checked by 7.5% sodium 
dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis (PAGE) 
and by Ouchterlony immunodiffusion. Rabbit anti-x, anti-A, anti-Fe 
(IgG), and polyvalent anti-lg antisera used were kindly donated by 
Dr T. Masuda (Institute for Immunology, Faculty of Medicine, 
Kyoto University). 

SDS-PAGE. SDS-PAGE was performed by using slab gels 
according to the method of Laemmli.” The following mol wt 
markers (Bio-Rad, Richmond, CA) were utilized: myosin (200,000), 
beta-galactosidase (116,250), phosphorylase B (92,500), bovine 
serum albumin (66,200), ovalbumin (45,000), carbonic anhydrase 
(31,000), soybean trypsin inhibitor (21,500), and lysozyme 
(14,400). 

Thromboxane (TX) B, assay. Platelet counts in the samples 
were adjusted to 3 x 10° uL. Aliquots (0.2 mL) of PRP or washed 
platelet suspension in HEPES-buffered saline were incubated with 
an agonist or saline in cuvettes at 37°C under continuous stirring on 
the aggregometer. After five minutes the reaction was stopped with 
0.1 mmol/L indomethacin, and the cuvettes were immediately 
cooled on ice. Samples were centrifuged at 10,000 g for two minutes 
at 4°C. TXB, in the supernatant was assayed directly using a TXB, 
RIA kit (New England Nuclear, Boston). 

Measurement of cytoplasmic free calcium ion concentration 
({Ca’*],). Platelet (Ca?*], was determined by using photoprotein 
aequorin purchased from Dr John Blinks (Mayo Clinic) by a slight 
modification of the method of Johnson et al.® Aequorin-loaded 
platelets were finally resuspended in HEPES-Tyrode’s buffer with- 
out Ca**, and the external calcium concentration was adjusted to | 
mmol/L by the addition of CaCl], just prior to the measurement; the 
platelets were equilibrated at 37°C for five minutes. The elevation of 
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platelet [Ca**], induced by IG was measured on a Platelet Ionized 
Calcium Aggregometer (Chrono-Log) with simultaneous recording 
of platelet aggregation. [|Ca?*], was calculated according to Johnson 
etal.” 

40 kDa protein phosphorylation. Washed platelets (2 x 10°) 
suspended in Tris-buffered saline (25 mmol/L Tris-HCI, 145 mmol / 
L NaCl, pH 7.4), were incubated with 0.4 mCi of *P-orthophos- 
phoric acid (Radiochemical Centre, Amersham, England) at room 
temperature for 60 minutes in a total volume of 4 mL. Platelets were 
then pelleted by centrifugation at 1,100 g for ten minutes and 
resuspended in assay buffer (25 mmol/L Tris-HCI, 145 mmol/L 
NaCl, 5 mmol/L KCI, I mmol/L MgCl, | mmol/L CaCl, pH 7.4) 
ata density of 5 x 10°/uL. After preincubation for 10 min at 37°C, 
the reaction was started by the addition of IgG. Aliquots (100 aL) 
were transferred into tubes containing 10 uL of 11% SDS-550 
mmol/L dithiothreitol”! and were boiled for two minutes. After the 
samples were chilled on ice, they were subjected to 10% SDS-PAGE. 
The gels were stained by Coomassie brilliant blue (Nakarai Chemi- 
cal, Kyoto, Japan), dried on a filter paper, and autoradiographed by 
exposure to Fuji X-ray film for | to 2 weeks. A band corresponding 
to 40 kDa protein was cut into a vial and counted for radioactivity in 
toluene scintillator (PPO 25 g, dimethyl-POPOP 1.5 g and toluene 5 
L). 

Absorption of IgG by FWP. Various concentrations of FWP in 
PBS (0 to 4 x 10°/uL) were incubated with 2 mg/mL of the 
patient’s or normal IgG in the presence of apyrase (Sigma) (2 
mg/mL) at 37°C for one hour and then at 4°C overnight. The 
mixtures were centrifuged at 1,100 g for ten minutes at 4°C, and the 
aggregating activity of each supernatant was tested on normal PRP 
to assess the absorption of [IgG by FWP. The change in light 
transmittance of normal PRP (200 ui) three minutes after the 
addition of 10 wh of the supernatant was used as an indicator of 
aggregating activity. 

Elution of IgG. Washed platelets resuspended in TBS (10 
mmol/L Tris-HCI], 150 mmol/L NaCl, | mmol/L EDTA, pH 7.4) 
containing 0.1% bovine serum albumin (BSA, Sigma) and | pmol/L 
PGE, (Ono Pharmaceutical, Osaka, Japan) at a density of |! x 
10°/uL were incubated with | mg/mL of the patient's purified IgG 
at 37°C for 30 minutes. The platelets thus sensitized were then 
washed three times with TBS containing 0.1% BSA and | pmol/L 
PGE, and finally suspended in TBS. The eluate from the sensitized 
platelets was prepared by lowering the pH of the medium to 3.0 by 
the addition of 0.1 N HCI.” After standing at room temperature for 
ten minutes, the mixture was centrifuged at 1,100 g for ten minutes. 
The supernatant was transferred to a tube to which a neutralizing 
solution (1 mol/L Tris-HCI, pH 9.0) was immediately added to a pH 
of 8.0. The eluate thus obtained was then applied to a protein-A 
Sepharose column to prepare purified IgG. After concentration on 
Amicon Ultrafiltration Cell, the aggregating activity of the eluate 
was assessed on normal PRP (200 uL). 

Immunoprecipitation studies of solubilized iodolabeled plate- 
lets. Lactoperoxidase-catalyzed '*I-labeling of platelets was per- 
formed as described by Nurden et al. Washed platelets were 
resuspended at 1 x 10° platelets/uL in TBS. To | mL of each 
platelet suspension, 0.5 mCi '*I-Nal (New England Nuclear) and 
10 uL of 0.25 mmol/L lactoperoxidase (Sigma) solution in TBS 
were added. Finally 5 x 12 uL aliquots of | mmol/L H,O, prepared 
in TBS were added at ten-second intervals. The labeled platelets 
were then sedimented and washed three times in TBS containing 5 
mmol/L KI before being lysed in 1 mL of the lysis buffer (0.5% 
Nonidet P-40 [NP-40], 50 mmol/L Tris-HCI, 150 mmol/L NaCl, 5 
mmol/L EDTA, 0.02% NaN,, pH 7.4) containing protease inhibi- 
tors (0.2 mmol/L phenylmethylsulphonyl fluoride, 5 mmol/L N- 
ethylmaleimide, and 200 ug/mL leupeptin [Peptide Institute Inc, 
Osaka, Japan]). After centrifugation at 10,000 g for 30 minutes at 
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4°C, the supernatant was used for immunoprecipitation assay, which 
was performed essentially according to Kessler.” One milliliter of 
formalin-fixed protein A-bearing Staphylococcus aureus (Staph-A) 
in 10% suspension (Pansorbin; Calbiochem-Behring, La Jolla, CA) 
was washed three times at 2,500 g for ten minutes at 4°C in 
extraction/ washing buffer (0.5% NP-40, 50 mmol/L. Tris-HCI. 150 
mmol/L NaCl, 5 mmol/L EDTA, 5 mmol/L KI, 0.5% BSA, 0.02 % 
NaN,, pH 7.4). The final pellet was suspended in | mL of a NP-40 
extract of unlabeled platelets (1 x 10°/uL) from the same donor and 
incubated on ice for 15 minutes to prevent subsequent nonspecific 
binding of iodolabeled protein to the Staph-A. After centrifugation 
at 2,500 g for ten minutes at 4°C, the pellet was resuspended in the 
starting volume of the extraction/ washing buffer (pretreated Staph- 
A suspension). lodolabeled platelet extract (100 wh. 8 to 12 x 10° 
cpm) was incubated with 100 xg of purified IgG for two hours at 
4°C. The pretreated Staph-A suspension (200 uL) was then added, 
and the mixture was incubated for 30 minutes at 4°C. After 
centrifugation the pellet was washed four times in the extraction / 
washing buffer and once in the same buffer without BSA. Finally the 
pellet was resuspended in 100 wl. of SDS-PAGE sample buffer (2% 
SDS, 62.5 mmol/L Tris-HCI, 10% [wt/vol] glycerol, 0.002% 
bromphenol blue, pH 6.8) with or without 5% (vol/vol) 2-mercapto- 
ethanol, and boiled for five minutes. Following centrifugation the 
supernatant was electrophoresed at 25 V in a 3% stacking gel and 
7.5% separating gel. Whole iodolabeled platelet extract (5 aL) was 
also boiled in 100 uL of SDS-PAGE sample buffer for five minutes 
and electrophoresed in parallel with the precipitate samples. The gel 
was stained with Coomassie brilliant blue, dried under vacuum, and 
autoradiographed by exposure to Fuji X-ray films and a Fuji X-ray 
intensifier (Grenex-8) at — 70°C for one to three days. 

Protein determination, Protein measurement was done by the 
Lowry’s method™ using BSA as a standard. 

Materials. Pepsin, papain, lactoperoxidase, creatine phosphate 
{CP}, creatine phosphokinase (CPK), and dibutyryl cyclic adenosine 
monophosphate (dbe AMP) were obtained from Sigma; collagen 
reagent for aggregation studies from Hormon-Chemie, Munich, 
West Germany; arachidonic acid (AA) from Nu-Chek, Elysian, 
MN, platelet activating factor (PAF) and A23187 from Calbio- 
chem-Behring: heparin from Kodama, Osaka, Japan. PGI, was a 
generous gift from Ono. Sepharose 2B was obtained from Pharmacia 
Fine Chemicals. All other reagents were the same as those described 
previously” or were obtained from Nakarai, Kyoto, Japan. 


RESULTS 


Characteristics of the patient's platelets. Platelet aggre- 
gation in the patient’s PRP was normal in response to ADP, 
epinephrine, AA, ristocetin, A23187, and PAF (Fig 1). 
Thrombin-induced aggregation was also normal in washed 
platelet suspension (data not shown). In contrast, collagen 
(up to 10 wg/mL) induced neither shape change nor aggre- 
gation in PRP (Fig 1) or in washed platelet suspension (data 
not shown). The potentiating effect of epinephrine on colla- 
gen-induced aggregation was absent, whereas that on ADP- 
and AA-induced aggregation was observed, as is normal 
(data not shown). ATP release of PRP, as determined by 
Lumiaggregometer, was normal in response to these stimuli 
other than collagen, which induced no ATP release (data not 
shown). These results were consistently found over a period 
of two years. Adhesion of the patient’s platelets to collagen 
fibrils was 13.7%, 27.5%, and 50.2% at 15, 30, and 60 ug/mL 
of collagen, respectively. These values were lower than the 
normal ranges at all collagen concentrations studied (normal 
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Fig 1. Aggregation tracings of the patient's and control PRP. 
Aggregating agents whose final concentrations are shown in 
parentheses or at the end of aggregation curves were added as 
indicated (Y). Aggregation patterns of control PRP in response to 
each agonist other than collagen are not shown because they are 
similar to those of the patient's PRP. P, patient's PRP; N, control 
PRP. 


ranges {M + 2 SD, n = 13]: 28.5% + 12.4%, 41.0% + 9.0%, 
and 59.2% + 6.2%, respectively). Thus in contrast to defec- 
tive collagen-induced aggregation, some adhesion to collagen 
was always observed. 

Platelet ATP and ADP contents were 6.99 and 2.42 
pmol/10" platelets, respectively, and the ratio of ATP to 
ADP was 2.88. These values were all within normal ranges 
(6.69 + 1.09, 2.98 + 0.99, and 2.47 + 0.93, respectively: n = 
17). 

TXB, was normally produced in response to thrombin (0.5 
U/mL), but there was no significant TXB, synthesis on 
stimulation with collagen (2 ug/mL) in the patient’s plate- 
lets (Table 1). 

Platelet membrane GP profiles (GP Ia, Ib, Ha, Hb, Hla, 
and Hib) were normal in one-dimensional SDS-PAGE 
(7.5% acrylamide gel) as determined by autoradiographs of 
'51 labeled platelets (vide infra). 

Aggregation and the release reaction of normal platelets 
induced by the patient’s plasma and IgG. The patient's 
plasma induced irreversible aggregation and ATP release in 
normal PRP in a concentration-dependent manner (Fig 2). 
The aggregation response was associated with a transient 


Table 1. TXB, Production by Platelets 





TXB, ing/ 10° platelets) 





Agonist Patient 





Platelets Normal* 
Collagen 0.19 38 + 6 (5) 
PRP (2 ug/mL) 
Saline 0.25 0.27 + 0.07 (5) 
Thrombin 208 205 + 20(7) 
Washed platelets {0.5 U/mL) 
Saline 1.2 1.8 + 0.3 (7) 





*Mean + SD; (n). 
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Fig 2. Dose dependency of aggregation and ATP release of 
normal platelets induced by the patient's PPP {plasma} and IgG. 
Plasma or IgG of the patient was added to normal PRP as indicated 
{¥} at various concentrations that were shown at the end of each 
aggregation curve. 


decrease in light transmission and a lag period, during which 
ATP release was not observed (Fig 2, lower panels}. The 
minimal concentration of the patient’s IgG required for 
aggregation of platelets obtained from 22 normal subjects 
remained within a range of 20 to 40 pg/mL. In the absence of 
stirring, the patient’s plasma and IgG induced no aggrega- 
tion, but ATP release was observed on Lumiaggregometer 
(data not shown). Washed platelets were also aggregated by 
the patient’s plasma and IgG (data not shown). The patient's 
plasma and IgG did not induce agglutination of normal FWP 
in the aggregometer. LDH release by the patient's IgG (100 
ug/mL), collagen (5 pg/mL), and saline were 3.4%, 3.3%, 
and 3.0%, respectively (mean of three experiments), Purified 
F(ab’), fragments (50 wg/mL) of the patient's IgG induced 
platelet aggregation and ATP release with patterns that were 
similar to those induced by intact IgG (data not shown). Fe 
fragments (up to 500 ug/mL) were not effective (data not 
shown). 

The patient’s Fab fragment did not induce aggregation up 
to a concentration of 1 mg/mL in eight of ten normal PRP, 
two of which were aggregated, however, by a concentration 
of 200 pg/mL and 500 pg/mL, respectively. Between these 
two groups of normal PRP, defined by the presence or 
absence of platelet aggregation induced by the Fab frag- 
ment, there was no obvious difference in the patterns of 
aggregation induced by collagen and by the patient's IgG as 
well as by other agonists, including ADP, epinephrine, and 
AA (data not shown). When normal PRP, which was not 
aggregated by the patient’s Fab fragment was used, pre- 
incubation of the PRP with the Fab fragment for five 
minutes at 37°C inhibited aggregation induced by the 
patient's IgG and by collagen in a concentration-dependent 
manner (Fig 3). This inhibitory effect of the Fab fragment 
was complete in all of four normal PRP studied and reached 
maximum after pre-incubation for five minutes (data not 
shown). The Fab fragment had no inhibitory effect on 
aggregation induced by ADP, epinephrine, AA, and ristoce- 
tin (data not shown). 

Effects of platelet inhibitors on platelet aggregation 
induced by the patient's IgG. The effects of platelet inhib- 
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Fig 3. Inhibitory effects of the patient's Fab fragments on 
platelet aggregation induced by the patient's IgG and by collagen. 
After the five-minute pre-incubation of normal PRP with various 
concentrations, as indicated, of the patient's Fab fragments at 
37°C, aggregation of the normai PRP was initiated by the stimula- 
tion with the patient's IgG (100 4g/mL) or collagen (5 ug/mL). 
Percent inhibition of aggregation was calculated by the change in 
light transmittance seven minutes after the addition of patient's 
IgG (©) and by the maximal change in light transmittance induced 
by collagen (@). Each value represents M + SD from four experi- 
ments. 


iting agents on platelet aggregation induced by the patient’s 
IgG were examined (Table 2). PGI, and dbe AMP (inhibi- 
tors by way of cyclic AMP accumulation) and diltiazem (a 
calcium blocker) completely inhibited this aggregation. A 
calcium chelator, EDTA, also inhibited aggregation but not 
completely, even when the concentration of EDTA was 
increased up to 10 mmol/L. Metabolic inhibitors, iodoace- 
tate plus antimycin A, completely inhibited aggregation, 
whereas either of them alone was partially inhibitory. ADP 
scavengers, apyrase and CP/CPK, as well as cyclo- 
oxygenase inhibitors, aspirin and indomethacin, only slightly 
affected aggregation by the patient's IgG. A thrombin 
inhibitor, heparin, had no effect on platelet aggregation 
induced by the patient’s IgG. 

TXB, synthesis, [Ca]; elevation, and 40 kDa protein 
phosphorylation in normal platelets induced by the patient’s 
IgG. TXB, synthesis by normal platelets was induced by 
the patient's IgG in a concentration-dependent manner (0.4, 
14, 64, 104, and 181 ng TXB,/10° platelets by 20, 40, 100, 


Table 2. Effects of Platelet Inhibitors on Platelet Aggregation 
Induced by the Patient's IgG 








Inhibitor Concentration % inhibition 
PGI, 10 nmol/L 100 + O* 
dbc AMP 4 mmol/L 100 + 0 
EDTA 5 mmol/L 74+6 
Diltiazem 1 mmol/L 100 + 0 
Aspirin 1 mmol/L 3+1 
Indomethacin 100 pmol/L 1+1 
Apyrase 2 mg/mb 7+6 
CP/CPK 3 mmol/L/15 U/mL 3+2 
lodoacetate 0.5 mmol/L 69 +8 
Antimycin A 2 nmol/L 244 
Indoacetate/Antimycin A 0.5 mmol/L /2 pmol/L 100 +0 
Heparin 2 U/mL 0 








*Mean + SD; n = 3. 
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200, and 400 ug /mL of the patient’s IgG, respectively; mean 
of two experiments). Figure 4 shows simultaneous tracings of 
[Ca?*], elevation and aggregation of normal platelets 
induced by the patient’s and control IgG. Stimulation with 
the patient’s IgG elevated [Ca’*]; with the same lag period as 
in platelet aggregation (Fig 2). The extent of [Ca?*], eleva- 
tion was comparable with that caused by stimulation with 
thrombin (0.5 U/mL) and collagen (5 ug/ml), ie, 10 and 
5.6 umol/L, respectively. Activation of platelets by the 
patient’s IgG was accompanied by phosphorylation of a 40 
kDa protein, which reached a peak within two minutes after 
stimulation (Fig 5). Control IgG induced neither [Ca?*], 
elevation nor protein phosphorylation. 

Absorption and elution of IgG. To investigate whether 
the patient’s IgG specifically reacted with platelet mem- 
brane antigen, we performed the following experiments. 
Incubating the patient’s IgG with increasing numbers of 
FWP decreased the aggregating activity of the supernatant 
progressively, and no residual activity was detectable in the 
experiment using 4 x 10° FWP/uL. Ata protein concentra- 
tion of 8 g/mL, the eluate prepared from platelets incu- 
bated with the patient’s IgG induced platelet aggregation 
that was comparable to aggregation induced by 40 ug/mL of 
the patient's original IgG. 

Immunoprecipitation of radiolabeled platelet antigens 
with the patient’s igG. Electrophoresis of radiolabeled 
platelet proteins and antigens gave patterns as shown in Fig 
6. The electrophoresis of whole radiolabeled platelet extract 
(A and C lanes) showed that platelet GP profiles (GP Ia, Ib, 
Ha, Hb. Hla, Hb)? of the patient’s platelets (C lanes) were 
similar to those of normal platelets (A lanes). From the 
normal platelet extract, the patient’s IgG immunoprecipi- 
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Fig 4. Simultaneous measurement of [Ca’*], elevation and 


aggregation of aequorin-loaded normal platelets induced by the 
patient's and control IgG. IgG (200 ug/mL) prepared from the 
patient and normal subjects was added to aequorin-toaded plate- 
lets from normal subjects as indicated by the arrow. 
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normal platelets stimulated by IgG. Normal platelets (5 x 10°/uL) 
prelabeled with “P were exposed to the patient's (O) or normal (@) 
IgG (100 g/mL), and aliquots (100 uL) were transferred to the 
stop solution after varying periods of time as indicated, followed 
by SDS-PAGE, autoradiography, and the determination of radioac- 
tivity as described in Materials and Methods section. Each value 
represents mean from three experiments. 


tated five polypeptide bands in both reduced and unreduced 
states (B lanes). The protein with an apparent mol wt of 62 
kDa (reduced state) and of 57 kDa (unreduced state) was by 
far the most prominent band, suggesting that this protein 
played a major role in the interaction between the patient's 
IgG and platelets. Two of the minor polypeptides were 
identified as GPIIb and GPIlIla from their migration pat- 
terns in the reduced and unreduced state.’*** Two other 
proteins had mol wt of more than 200 kDa in the reduced 
state, and one of them had a mol wt of 190 kDa in the 
unreduced state. In contrast, no significant immunoprecipi- 
tate was detected when an extract of the patient's platelets 
reacted with the patients IgG (D lanes). Control IgG 
prepared from normal plasma precipitated no significant 
protein from any platelet extracts (data not shown). 


M.W.(kDa) 
Fig 6. Autoradiographic patterns of 
NP-40-solubilized radiolabeled membrane 
proteins from normal platelets (A and B 
lanes) and the patient's platelets (C and D 
lanes). A and C lanes, whole NP-40 
extract (5 uL); B and D lanes, precipitates 
from the patient's IgG-treated NP-40 
extracts. Note that the patient's IgG 
immunoprecipitated five apparent pro- 
teins (B lanes) in both reduced and unre- 
duced states from the normal platelet 
extract but that no such proteins were 
precipitated from the patient's own plate- 
let extracts (D lanes). No precipitate was 
observed in normal IgG-treated normal 
and the patient's NP-40 extracts (data not 
shown). 
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DISCUSSION 


In the present study we described a patient with steroid- 
responsive ITP associated with Graves’ disease. In spite of 
adequate platelet counts (>140,000/.L) after steroid thera- 
py, the patient showed a mild bleeding tendency due to 
platelet dysfunction, which seemed to be derived from the 
action of antibody. The predominant lesion in the qualitative 
platelet disorders observed by others in association with 
antiplatelet antibodies resembled that of storage pool dis- 
ease; the impairment of platelet functions was detected in 
response to several agonists,” '° and the patients’ platelets had 
decreased adenine nucleotide contents.’ In contrast to those 
patients, our patient's platelets showed both normal adenine 
nucleotide contents and a specific defect only in response to 
collagen. Whereas other agonists induced norma! platelet 
responses, collagen induced none of the usual platelet 
responses, including shape change, aggregation, ATP 
release, and TXB, synthesis. These results suggested that 
only collagen failed to trigger the intracellular events that 
are normally produced or transmitted across the plasma 
membrane, and that the lesion in the patient's platelets may 
exist in a membrane component related to a collagen binding 
site. 

Rao et al” reported that a patient with autoimmune 
thrombocytopenia showed an impairment of only collagen- 
induced platelet responses, including aggregation and adhe- 
sion. However, our patient is clearly distinct from this case 
since their patient’s plasma inhibited collagen-induced 
aggregation of normal platelets and since collagen-induced 
aggregation of their patients platelets was restored by 
combined stimulation with epinephrine. Clancy et al’ 
reported the existence of platelet-inhibiting activity in globu- 
lin fraction from ITP patients associated with a qualitative 
platelet disorder. In contrast to their report, however, our 
patient’s plasma caused aggregation and ATP release in 
normal PRP, indicating that there was no circulating inhibi- 
tor but a platelet-activating factor in the patient’s plasma. 
This factor was found in the IgG fraction purified by 
protein-A Sepharose. Aggregation and ATP release induced 
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by this factor were not attributable to cell lysis because 
negligible LDH activity was released by the patient’s IgG. 
Furthermore, the responses must be independent of comple- 
ment since the reaction was also observed in a complement- 
free system containing washed platelets and purified IgG. It 
has been reported that some MoAbs induced platelet activa- 
tion in the absence of complement through reaction with 
specific antigens on the platelet membrane.**” 

Patient’s IgG caused TXB, synthesis, [Ca?*], elevation, 
and 40 kDa protein phosphorylation in normal platelets, 
suggesting that platelet activation was brought about by the 
stimulus-response coupling pathway as seen in other physio- 
logic agonists, including collagen and thrombin. Some anti- 
platelet antibodies agglutinate platelets by a passive antigen- 
antibody reaction (formation of an antibody-platelet lattice) 
independently of calcium.” This possibility can be ruled out 
for the patient's IgG because (1) the patient’s IgG failed to 
agglutinate FWP, which could still absorb it, and (2) the 
patient's IgG-induced platelet aggregation was inhibited by 
an increase of intracellular cyclic AMP and required an 
intracellular Ca** flux and metabolic energy, although it was 
not dependent on released ADP, TXA, synthesis, or throm- 
bin participation. The activity could be absorbed by and 
eluted from platelets, suggesting that the IgG was an anti- 
body to a specific antigen on the platelet membrane. Further- 
more, the binding site of the antibody was distinct from the 
Fe receptor on platelets, which mediates platelet activation 
by IgG aggregates" or immune complexes” because F(ab’), 
fragments prepared from the patient’s IgG induced platelet 
aggregation as well as ATP release and because Fab frag- 
ments from the patients IgG completely abolished the 
aggregation of normal platelets induced by the patient's IgG. 
It is possible that the action of the patient’s IgG may be 
directed at or near a putative collagen receptor since only 
collagen-induced aggregation was inhibited by Fab frag- 
ments of the patient’s IgG. Thus the specific binding of the 
patient's IgG to the specific antigen on the platelet could 
induce a conformational change of the platelet membrane 
and/or a direct transmembrane signal, thereby allowing 
platelet activation. 

The binding site of the patient’s IgG was examined by 
immunoprecipitation of radiolabeled, detergent-solubilized 
platelet membrane proteins and SDS-PAGE. From normal 
platelet extract, the patient’s IgG precipitated five polypep- 
tides, of which a polypeptide of 62 kDa (reduced state) (57 
kDa [unreduced state]) was the main protein, as judged from 
the intensity of radioactivity. There are two potential expla- 
nations for the precipitation of these multiple proteins: (1) 
the presence of antibodies against several different antigens, 
(2) the coprecipitation of a multicomponent complex by an 
antibody directed against only one of the components. The 62 
kDa protein, the most prominent precipitate seen in our 
study, could be similar to the 65 kDa protein, which was 
isolated by using chick skin collagen immobilized on Sepha- 
rose beads,’® or to the 61 kDa protein, which has recently 
been reported to bind insoluble collagen.” However, more 
direct experimental evidence is needed to substantiate the 
identity of these proteins. Nieuwenhuis et al® reported a 
patient with platelets that were totally unresponsive to 
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collagen and did not express surface GPla, and they sug- 
gested that GPla had collagen receptor activity. Our data, 
however, do not support this notion because our patient's 
platelets had normal GPla expression in spite of defective 
collagen-induced aggregation. 

Our immunoprecipitation studies could not demonstrate 
any significant reaction of the patient’s IgG with her own 
platelet extract, although the electrophoresis of whole plate- 
let extracts showed that the patient's platelets were iodola- 
beled in the same way as normal platelets. Our experimental 
results imply that no additional antigen-antibody reaction 
could be induced in vitro using the patient’s platelets and that 
the patient’s platelets may not be activated by her own IgG. 
Furthermore the absence of the antigens, including the 
putative collagen receptor, could explain the defect of the 
patient’s platelet aggregation only in response to cellagen. 
However, the meaning of the absence of such antigens on the 
patient’s platelet membrane is unknown. One possibility is 
that these antigens were lost or denatured, leading to 
destruction of their antibody-specific epitopes. This could 
occur during the peripheral circulation of the platelets 
and/or during the maturation of megakaryocytes because 
antiplatelet antibodies also react with marrow megakaryo- 
cytes.’ In a well-defined autoimmune disorder, myasthenia 
gravis, the acetylcholine receptor on the postsynaptic 
membrane is denatured and decreased by the action of 
antiacetylcholine receptor autoantibody through comple- 
ment-mediated destruction“ or endocytosis.“ By analogy, 
the antigen possibly responsible for collagen-binding on the 
platelet membrane may be denatured in the patient’s plate- 
lets, preventing their response to collagen. 

In our patient platelet adhesion to collagen fibrils was 
detectable, although it was significantly decreased compared 
with platelet adhesion in normal subjects. These results 
suggest that platelet membrane sites responsible for 
aggregation and adhesion are different, and the results 
support the concept of Kotite et al!’ and Pintigny et al“ that 
collagen-induced platelet activation consists of a recognition 
(adhesion) step and an intermediary step (effect of collagen 
recognition) leading to postreceptor reactions, including 
the release of granular constituents and fibrinogen bind- 
ing to platelets. Pintigny et al* demonstrated that a 
synthetic octapeptide derived from type HI collagen inhib- 
ited collagen-induced platelet aggregation without affect- 
ing platelet adhesion to collagen, indicating that the octa- 
peptide reacted with the site of the intermediary step 
but not with the recognition site.“* Similarly, the defect 
on our patient’s platelets may reside in the site of the 
intermediary step. 

In conclusion, we found a novel antiplatelet antibody in an 
ITP patient associated with defective collagen-induced plate- 
let aggregation. The antibody induced platelet aggregation 
and ATP release in PRP as well as in a washed platelet 
suspension prepared from normal subjects. This antibody 
showed specificity against antigens, including one that 
seemed to be related to collagen-binding sites on normal 
platelets. Thus these studies may serve as a useful tool for 
further investigation of the platelet membrane constituents 
involved in collagen-induced platelet activation. 


A NOVEL PLATELET AGGREGATING FACTOR IN ITP 


ACKNOWLEDGMENT 


The authors gratefully acknowledge the valuable advice of Dr 
Toru Masuda and Dr Shuh Narumiya. 


REFERENCES 


1. McMillan R: Chronic idiopathic thrombocytopenic purpura. 
N Engl J Med 304:1135, 1981 

2. Karpatkin S: Autoimmune thrombocytopenic purpura. Sem 
Hematol 22:260, 1985 

3. Hymes K, Blum M, Lackner H, Karpatkin S: Easy bruising, 
thrombocytopenia, and elevated platelet immunoglobulin G in 
Graves’ disease and Hashimoto’s thyroiditis. Ann Intern Med 94:27, 
1981 

4. Doan CA, Bouroncle BA, Wiseman BK: Idiopathic and sec- 
ondary thrombocytopenic purpura: Clinical study and evaluation of 
381 cases over a period of 28 years. Ann Intern Med 53:861, 1960 

5. Clancy R, Jenkins E, Firkin B: Qualitative platelet abnormali- 
ties in idiopathic thrombocytopenic purpura. N Engl J Med 286:622, 
1972 

6. Zahavi J, Marder VJ: Acquired storage pool disease of plate- 
lets associated with circulating antiplatelet antibodies. Am J Med 
56:883, 1974 

7. Karpatkin S, Lackner HL: Association of antiplatelet antibody 
with functional platelet disorders. Autoimmune thrombocytopenic 
purpura, systemic lupus erythematosus and thrombopathia. Am J 
Med 59:599, 1975 

8. Lackner H. Karpatkin S: On the “easy bruising” syndrome 
with normal platelet count. A study of 75 patients. Ann Intern Med 
83:190, 1975 

9. Weiss HJ, Rosove MH, Lages BA, Kaplan KL: Acquired 
storage pool deficiency with increased platelet-associated IgG. Am J 
Med 69:711, 1980 

10. Stuart MJ, Kelton JG, Allen JB: Abnormal platelet function 
and arachidonate metabolism in chronic idiopathic thrombocyto- 
penic purpura. Blood 58:326, 1981 

11. Woods VL, McMillan R: Platelet autoantigens in chronic 
ITP. Br J Haematol 57:1, 1984 

12. Santoro SA, Cunningham LW: The interaction of platelets 
with collagen, in Gordon JL (ed): Platelets in Biology and Pathology. 
vol 2. Amsterdam, Elsevier North Holland, 1981, p 249 

13. Jamieson GA, Urban CL, Barber AJ: Enzymatic basis for 
platelet:collagen adhesion as the primary step in haemostasis. 
Nature New Biol 234:5, 1971 

14. Bensusan HB, Koh TL, Henry KG, Murray BA, Culp LA: 
Evidence that fibronectin is the collagen receptor on platelet mem- 
branes. Proc Natl Acad Sci USA 75:5864, 1978 

15. Tiffany ML, Penner JA: Effect of complement on collagen- 
induced platelet aggregation. J Lab Clin Med 96:796, 1980 

16. Chiang TM, Kang AH: Isolation and purification of collagen 
al (1) receptor from human platelet membrane. J Biol Chem 
257:7581, 1982 

17. Tsunehisa S, Tsuji T, Tohyama H, Osawa T: Interaction of 
human platelet membrane glycoproteins with collagen and lectins. 
Biochim Biophys Acta 797:10, 1984 

18. Kotite NJ, Staros JV, Cunningham LW: Interaction of 
specific platelet membrane proteins with collagen: Evidence from 
chemical cross-linking. Biochemistry 23:3099, 1984 

19. Saito Y, Imada T, Takagi J, Kikuchi T, Inada Y: Platelet 
factor XIH: The collagen receptor? J Biol Chem 261:1355, 1986 

20. Kotite NJ, Cunningham LW: Specific adsorption of a platelet 
membrane glycoprotein by human insoluble collagen. J Biol Chem 
261:8342, 1986 

21. Duke WW: The relation of blood platelets to hemorrhagic 
disease: Description of a method for determining the bleeding time 


1719 


and coagulation time and report of three cases of hemorrhagic 
disease relieved by transfusion. J Am Med Assoc 55:1185, 1910 

22. Mielke CH, Kaneshiro MM, Maher IA, Weiner JM, Rapa- 
port SI: The standardized normal Ivy bleeding time and its prolonga- 
tion by aspirin. Blood 34:204, 1969 

23. Okuma M. Takayama H, Uchino H: Subnormal platelet 
response to thromboxane A, in a patient with chronic myeloid 
leukaemia. Br J Haematol 51:469, 1982 

24. Kirby EP, Mills DCB: The interaction of bovine factor VIH 
with human platelets. J Clin Invest 56:491, 1975 

25. Mant MJ: Platelet adherence to collagen: A simple, reproduc- 
ible, quantitative method for its measurement. Thromb Res 11:729, 
1977 

26. Hjelm H., Hjelm K, Sjöquist J: Protein A from Staphylococ- 
cus aureus. Its isolation by affinity chromatography and its use as 
immunoadsorbent for isolation of immunoglobulins. FEBS Lett 
28:73, 1972 

27. Nisonoff A, Wissler FC, Lipman LN, Woernley DL: Separa- 
tion of univalent fragments from the bivalent rabbit antibody 
molecule by reduction of disulfide bonds. Arch Biochem Biophys 
89:230, 1960 

28. Porter RR: The hydrolysis of rabbit y-globulin and antibodies 
with crystalline papain. Biochem J 73:119, 1959 

29. Laemmli UK: Cleavage of structural proteins during the 
assembly of the head of bacteriophage T4. Nature 227.680, 1970 

30. Johnson PC, Ware JA, Cliveden PB, Smith M, Dvorak AM, 
Saizman EW: Measurement of ionized calcium in blood platelets 
with the photoprotein aequorin. Comparison with quin 2. J Biol 
Chem 260:2069, 1985 

31. Feinstein MB, Egan JJ, Opas EE: Reversal of thrombin- 
induced myosin phosphorylation and the assembly of cytoskeletal 
structures in platelets by the adenylate cyclase stimulants prosta- 
glandin D, and Forskolin. J Biol Chem 258:1260, 1983 

32. Mason D, McMillan R: Platelet antigens in chronic idio- 
pathic thrombocytopenic purpura. Br J Haematol 56:529, 1984 

33. Nurden AT, Dupuis D, Kunicki TJ, Caen JP: Analysis of the 
glycopretein and protein composition of Bernard-Soulier platelets by 
single and two-dimensional sodium dodecy! sulfate-polyacrylamide 
gel electrophoresis. J Clin Invest 67:1431, 1981 

34. Kessler SW: Use of protein A-bearing staphylococci for the 
immunoprecipitation and isolation of antigens from celis, in 
Langone JJ, Van Vunakis H (eds): Methods in Enzymology, vol 73. 
Part B. New York, Academic, 1981, p 442 

35. Lowry OH, Rosebrough NJ, Farr AL, Randall RJ: Protein 
measurement with the folin phenol reagent. J Biol Chem 193:265, 
1951 

36. Phillips DR, Agin PP: Platelet plasma membrane glycopro- 
teins. Evidence for the presence of nonequivalent disulfide bonds 
using nonreduced-reduced two-dimensional cell electrophoresis. J 
Biol Chem 252:2121, 1977 

37. Rao AK, Beckett C, Willis J, Holt JC: Specific impairment of 
platelet response to collagen in autoimmune thrombocytopenia. 
Blood 66:295a, 1985 (suppl 1, abstr) 

38. Thiagarajan P, Perussia B, Marco LD, Wells K, Trinchieri G: 
Membrane proteins on human megakaryocytes and platelets identi- 
fied by monoclonal antibodies. Am J Hematol 14:255, 1983 

39. Higashihara M, Maeda H, Shibata Y, Kume S, Ohashi T: A 
monoclonal antihuman platelet antibody: A new platelet aggregat- 
ing substance. Blood 65:382, 1985 

40. Jennings LK, Phillips DR, Walker WS: Monoclonal antibod- 
ies to human platelet glycoprotein Hbp that initiate distinct platelet 
responses. Blood 65:1112, 1985 

41. Karas SP, Rosse WF, Kurlander RJ: Characterization of the 
IgG-Fe receptor on human platelets. Blood 60:1277, 1982 


1720 


42. Israels ED, Nisli G, Paraskevas F, Israels LG: Platelet Fe 
receptor as a mechanism for Ag-Ab complex-induced platelet injury. 
Thromb Diath Haemorrh 29:434, 1973 


43. Nieuwenhuis HK, Akkerman JWN, Houdijk WPM, Sixma 
JJ: Human blood platelets showing no response to collagen fail to 
express surface glycoprotein fa. Nature 318:470, 1985 


44. Engel AG, Lambert EH, Howard FM: Immune complex 
(IgG and C,) at the motor end-plate in myasthenia gravis. Ultra- 


SUGIYAMA ET AL 


structural and light microscopic localization and electrophysiologic 
correlations. Mayo Clin Proc 52:267, 1977 

45, Drachman DB, Angus CW, Adams RN, Michelsen JD, 
Hoffman GJ: Myasthenic antibodies cross-link acetylcholine recep- 
tors to accelerate degradation. N Eng! J Med 298:1116, 1978 

46. Pintigny D, Legrand C, Karniguian A, Legrand YJ, Caen JP: 
Evidence that a collagen derived octapeptide inhibits fibrinogen 
binding to platelets stimulated by collagen and not by ADP. 
Biochem Biophys Res Commun 128:547, 1985 


Liver Transplantation in Hemophilia A 


By Franklin A. Bontempo, Jessica H. Lewis, Toni J. Gorenc, Joel A. Spero, Margaret V. Ragni, 
J.P. Scott, and Thomas E. Starz! 


Four patients with hemophilia A have undergone liver 
transplantation in our institution, three successfully. The 
first was a 21-year-old man with chronic active hepatitis 
(CAH) in whom the effects of previous. abdominal opera- 
tions prevented the satisfactory technical insertion of the 
new liver. He died intraoperatively. The second patient was 
a 15-year-old boy with CAH who began te synthesize factor 
Vill coagulant activity (F VIEC) within 1& hours of success- 
ful liver transplantation and has contimued to do so for 
almost 2 years (F VIII:C range 0.89 to 3.20 U/mL). The first 
2 months of his postoperative course were complicated by 
infections, but since that time he has done well and has 
returned to school. The third patient was a 48-year-old 
man with portal fibrosis and severe ascitas. He synthesized 


HILE the site of production of human factor VIH 

coagulant activity (F VIII:C) has been unclear, data 
generated during the past two decades have consistently 
implicated the liver as the primary site of synthesis. This was 
accomplished utilizing liver perfusion techniques’? and 
orthotopic hepatic transplantation into hemophiliac dogs.* 
However, others have suggested that the spleen*’ or lung 
were important as well. Recent immunohistologic advances 
have localized F VILL-C primarily to the liver?! and in 
particular to hepatic sinusoidal cells. Whether these cells 
are the site of synthesis or are merely serving a storage 
function is not known. By recombinant DNA techniques,'""* 
F VHEC messenger RNA has been demonstrated in the 
hepatocyte” as well as the kidney, althoagh the latter was 
not identified as a site of origin.'* The first successful human 
orthotopic liver transplantation in a F Vill-deficient hemo- 
philiac was recently reported in a letter from this labora- 
tory."© The new liver reversed the F WIIL:C defect. The 
purpose of this report is to describe in detail the orthotopic 
liver transplantation in four F VIEI:C-deficient hemophil- 
iacs. All patients were advised of procedures and attendant 
tisks, in accordance with institutional guidelines, and gave 
informed consent. In the three who survived the surgery, F 
VHC levels normalized, and their bleeding problems 
resolved. 


CASE PRESENTATIONS 


Patient 1 was a 21-year-old white, moderately F VIII:C-deficient 
hemophiliac who had received multiple infusions of F VHH concen- 
trate in the past and had developed severe hepatic dysfunction. 
When first tested his blood showed antibody to hepatitis B surface 
antigen (anti-HBs), although no definite history of acute hepatitis 
could be obtained. A biopsy diagnosis of CAH was made in 1973; 
variceal bleeding became evident in 1976; and he underwent a 
splenectomy and a side-to-side portacaval shunt. In 1977 he had an 
appendectomy for a perforated appendix and in 1979 a cholecystec- 
tomy for cholelithiasis. During the last 6 years of his life he had 
frequent episodes of hepatic encephalopathy in addition to hemophil- 
ia-associated symptoms such as intramuscular (IM) hematomata 
and hemarthroses. Preoperative laboratory tests are shown in Tables 
1 through 3. After a thorough evaluation the patient was accepted 
for transplantation; a donor liver became availuble approximately 6 
weeks later; and the procedure was performed on May 13, 1982. 
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F VII:C (range 0.96 to 1.50 U/mL) within six hours after 
reestablishment of circulation through the new liver. His 
postoperative course was complicated by numerous infec- 
tions, and he died with sepsis and an acquired immunodefi- 
ciency-like syndrome 4 months after transplantation. The 
fourth patient was a 47-year-old mild hemophiliac with 
CAH who produced adequate factor VIIIC levels following 
transplantation (range 0.79 to 2.80 U/mL). These patients 
demonstrate that liver transplantation in hemophiliacs 
with end-stage liver disease may be lifesaving and results 
in correction of the F VII:C deficiency and associated 
hemorrhagic tendency. 

e 1987 by Grune & Stratton, Inc. 


Intraoperatively he utilized 15,950 units of F VHI concentrate. The 
technical aspects of the transplant were greatly complicated by 
foreshortened recipient vessels, a result of previous operations, which 
made the construction of vascular anastomoses difficult. Venovenous 
bypass during the anhepatic phase, which decompresses the portal 
circulation, was not being used at that time. When the portal and 
caval venous circulations were occluded, the intestines became 
edematous, and uncontrollable bleeding ensued. A total of 55 units 
of RBCs and 6l units of fresh frozen plasma were transfused, but the 
patient died on the operating table. 

Patient 2 is a 16-year-old white, severely F VillC-deficient 
hemophiliac who had been treated with F VIH concentrate since 
early childhood. During the first year of life he had severe hepatitis 
B. which he transmitted to both parents. Subsequently hepatitis B 
surface antigen (HBsAg), anticore antibody (anti-HBc), and anti 
body to hepatitis B e antigen (anti-HBe) persisted. Additional 
laboratory tests are shown in Tables | through 3. In February 1984 
he developed liver enzyme elevations that may have represented 
non-A, non-B (NANB) hepatitis or possibly a concurrent delta 
agent infection. In October 1984 he developed severe thrombocyto- 
penia, which resolved following splenectomy. A simultaneous liver 
biopsy showed CAH. Postoperatively he developed a pancreatogas- 
trocutaneous fistula that persisted for several months. Liver trans- 
plantation and repair of the fistula were performed on March $, 
1985. There was a small accumulation of ascites, but little difficulty 
was encountered during the transplant procedure, which required 
only four units of RBCs. The fistula repair included excision of 
numerous sinus tracts and required eight units of RBCs. During the 
operative and immediate postoperative period he was given 14,160 
units of heat-treated F VIH concentrate. Eighteen hours postopera- 
tively F VIH infusions were discontinued, and the F VHEC levels 
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Tabie 1. Coagulation Studies 

Patient 1 Patient 2 Patient 3 Patient 4 

3/5/85°* 3/5/85;* 10/19/85;* 6/30/86;* 

3/8/85+ 2/14/85; 3/25/85+ 10/9/85; 10/28/85+ 6/17/86; 7/9/86+ 

Test Normal Range 
Prothrombin time (s) 10-13 16.6 10.9 14.1 14.4 114.3 140 12.6 
Activated partial thromboplastin 
time (s) 24-34 107.0 39.0 31.9 53.9 29.8 60.7 46.8 

Thrombin time (s) 13-18 40.4 30.5 13.0 27.5 17.3 20.7 22.0 
Reptilase time (s) 13-18 50.4 35.1 oo 33.6 — 299 — 
Euglobulin lysis time (min) 120 or > 90 240 240 15 150 90 210 
Ethanol gel (0-4) (6) (0) 1 ie) (ð) Owe 
Protamine gel (0-4) ie) 0 0 o 1 Ow 
Wellcotest (ug/mL) (è) (0) >40 >10<40 >40 (0) Om 
Staph clumping titer 1-4 0 8 128 0 o 0 
Platelet count (10°/uL) 150-450 73 344 130 183 50 130 





“Date of surgery. 
+ Dates of tests. 


thereafter remained normal or supranormal. On the ninth postopera- 
tive day he underwent revision of the bile duct reconstruction 
Gnitially performed during the transplantation), and on the 28th 
postoperative day a subphrenic abscess was drained. Both proce- 
dures were performed without F VIII replacement therapy, and no 
excess bleeding was encountered. Pre-operative and postoperative 
coagulation findings are shown in Tables | and 2. 

Six weeks postoperatively he was discharged, and since that time 
he has maintained F VEC levels of 0.89 to 3.20 U/mL. He was 
given 20 vials (100 mL) of hepatitis B immune globulin (HBIG) 
intraoperatively and postoperatively. His HBsAg has remained 
Positive except for several weeks (beginning about five weeks 
postoperatively) when it was negative and anti-Hbs appeared. Since 
then he has remained positive for HbsAg, anti-Hbs, and the antibody 
to delta agent. He returned to temporary employment in the summer 
of 1985 and returned to school in the fall of 1985. 

Patient 3 was a moderately obese, 48-year-old white, severely F 
VHIC-deficient hemophiliac on home treatment with F VHI con- 
centrate as needed since 1973. Since that time his bilirubin, SGPT 
(ALT), and SGOT (AST) had been intermittently elevated and his 
anti-HBs had been positive. The patient had a strong history of 


alcohol abuse in the past but discontinued its use in 1974. Liver 
biopsy in 1976 showed portal fibrosis with fatty changes and early 
nodule formation. His liver disease was moderately stable until July 
of 1985 when there was a marked increase in girth due to develop- 
ment of massive ascites. The spleen was enlarged: the gallbladder 
was contracted and contained gallstones. Subsequent progressive 
Jaundice, malaise, accumulation of ascites, and poer response to 
diuretics heralded further clinical deterioration. Pre-operative and 
postoperative laboratory findings are shown in Tables | through 3. 
The patient was evaluated favorably for liver transplantation, and 
the procedure was performed on October 19, 1985. Twelve liters of 
ascitic fluid were removed. He received 17,290 units of heat-treated 
F VIII concentrate and ten units of RBCs intraoperatively. Postop- 
eratively the patient received ne F VIH concentrate, and his factor 
VHEC level ranged from 0.96 to 1.50 U/mL. An episode of 
postoperative bleeding of unknown cause necessitated a repeat 
laparotomy. No excessive operative bleeding was encountered, and 
no F VIH concentrate was required. The patient suffered a mild 
rejection crisis and was successfully treated with OKT3 (Ortho 
Pharmaceuticals, Raritan, NJ) monoclonal antibody ( MoAb) thera- 
py. The rejection crisis was followed by pneumocystis carinii pneu- 


Table 2. Coagulation Factor Assays (Pre— and Post—Liver Transplant) 














Patient 2 Patient 3 Patient 4 
Patient 1 mia anes 
Factor Pre Pre Post Pre Post Pre Post 
p 3/03/82 8/27/84 3/19/85 3/11/81 11/1/85 6/17/86 7/15/86 
VI:C 0.02+ 0.01f 1.75¢ 0.01+ 1.154 0.10t 2.80t 
vwF U/mL* 10.0 6.24 3.68 1.06 6.24 2.32 3.36 
RCF 4.35 3.75 4.64 0.97 4.20 3.40 2.76 
i 5/13/82 2/14/85 3/25/85 10/09/85 10/28/85 6/17/36 7/9/86 
l mg/dl 180 375 420 240 270 160 440 
H 0.3 0.78 0.90 0.48 0.70 0.46 0.80 
vV 0.57 0.80 0.96 0.36 1.25 0.22 0.44 
Vil 0.18 0.68 0.66 0.23 0.60 0.35 0.58 
Vitec pa lata 0.11¢ 1,30} 1.20+ 0.33f 1.40t 0.104 1.10¢ 
IX L 0.11 0.95 1.00 0.26 0.86 0.48 0.90 
x 0.49 0.80 1.05 0.68 0.58 0.56 1.05 
XI 0.15 0.39 0.63 0.24 0.52 0.19 0.55 
xi 0.36 0.91 0.66 0.67 0.78 0.43 0.63 





*Normal range, 0.5 to 1.5 U/mL. 


tNot treated with F VII. 
{Treated with F VIH. 


LIVER TRANSPLANTATION IN HEMOPHILIA A 


Table 3. Preoperative Hepatitis Serologies, Liver Function Tests, 
and Anti-HIV Results 








Test Patient 1 Patient 2 Patient 3 Patient 4 
HBsAg ie) + 0 (63 
HBeAg ND = ND ND 
Anti-HBe' ND + ND ND 
Anti-deita ND + ND ND 
Anti-HBs + ie) + + 
Anti-HBc + + + + 
Bilirubin (mg%): 
Total 5.0 3.5 25.1 3.0 
Direct 3.0 1.4 12.7 0.9 
SGOT (AST) (IU) 202 313 120 48 
SGPT (ALT) (IU) 80 79 62 26 
Anti-HIV ELISA + + + - 
Western blot + + + ND 





ND, not done. 


monia, which resolved with trimethoprim-sulfamethoxazole therapy. 
Subsequently a cytomegalovirus infection resolved without treat- 
ment. Four months postoperatively he developed Escherichia coli 
and pseudomonas sepsis, to which he succumbed despite parenteral 
antibiotics and intensive care. 

Patient 4 is a 47-year-old mildly F ViLL:C-deficient hemophiliac 
who had a F VIEC level of 0.10 U/mL and a history of CAH 
secondary to NANB hepatitis accompanied by episodes of variceal 
bleeding. encephalopathy, and cholecystitis. Liver transplantation 
was performed on June 30, 1986 with 17,120 units of heat-treated F 
VIH concentrate and eight units of RBCs transfused intraoperative- 
ly. Preoperative and postoperative coagulation findings are shown in 
Tables | and 2. No factor VIH replacement was given postopera- 
tively, and the new liver began synthesizing F VHE:C within four 
hours after the procedure. His postoperative course was complicated 
by a mild rejection episode, which was also treated successfully with 
OKT3 MoAb, and the patient was discharged approximately 8 
weeks postoperatively after maintaining F WIUE:C levels between 
0.79 and 2.80 U/mL. 


DISCUSSION 


Successful liver transplantation in the hemophiliacs pre- 
sented here not only reversed the hepatic failure but also 
corrected the coagulation defect of hemophilia A. These 
results demonstrate that hemophilia should not be a con- 
traindication for the procedure and that resolution of the 
hemophilia, except for genetic transmissibility, should be 
expected. Therefore consideration of this procedure as a 
feasible, albeit difficult option should be given to the small 
but significant number of hemophiliacs who suffer from 
end-stage liver disease. The fatal outcome of Patient | 
suggests that scarring and fibrous changes after abdominal 
surgical procedures, especially shunting procedures and 
splenectomy, may make liver transplantation difficult or 
impossible and should be avoided. Whether or not the 
presence of human immunodeficiency virus (HIV) antibod- 
ies in a transplant candidate will alter the selection process 
remains to be determined. Three of these four patients were 
HIV antibody positive, and one of the three suffered from 
opportunistic infections typical of acquired immunodefi- 
ciency syndrome (AIDS) or the immunosuppressed post- 
transplantation state.” The diagnostic criteria of the Centers 
for Disease Control (CDC), however, exclude the diagnosis 
of AIDS in patients receiving immunosuppressive agents. At 
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this point exclusion of anti-HIV-positive hemophiliacs for 
liver transplant consideration seems to be premature. 

Although liver transplantation with its attendant risks and 
requirements for lifelong immunosuppression cannot be rec- 
ommended as a treatment for hemophilia per se, it clearly 
may avert imminent death in hemophiliacs with end-stage 
liver disease and also appears to cure the coagulation defect. 
Future prospects for the availability of recombinant F 
VHEC products may decrease the present high risk of 
transmissible liver disease’ and eventually obviate the need 
for liver transplantation in hemophilia. 
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Ultrastructural Analysis of Human Natural Killer Cell Activation 


By Daniela Zarcone, Edgar F. Prasthofer, Fabio Malavasi, Vito Pistoia, Albert F. LoBuglio, and Carlo E. Grossi 


In this study we describe characteristic ultrastructural 
changes of CD3° large granular lymphocytes (LGL), ie, 
natural killer (NK) cells, following stimulation with recom- 
binant (r) interleukin 2 (IL 2) or r-y interferon (r-y IFN) and 
after interaction with K562 target cells (TC) or Sepharose- 
bound anti-Fc y receptor (FcR) monoclonal antibody 
(MoAb). When compared to resting cells the cytolytic 
activity of r-IL 2- and r-y IFN-stimulated cells against K562 
TC was enhanced. The r-il 2-stimulated LGL were larger 
and consistently displayed the shape and cytoskeletal 
rearrangement characteristic of activated cells. The Golgi 
apparatus was expanded, and the number of electron- 
dense granules and vesicles was increased. The ultrastruc- 
tural changes in r-y IFN-stimulated LGL were markedly 
different from those observed following r-IL 2 activation. 
Celis did not exhibit changes in size, shape, cytoskeletal 
organization, or in the structure of the Golgi apparatus. 
However, r-y IFN-stimulated cells exhibited distinctive 
changes in the structure and content of electron-dense 
granules with deaggregation of the matrix and parallel 
tubular arrays (PTAs). Within organelles apparently 
derived from the electron-dense granules, vesicular and 


ATURAL killer (NK) cells are a subset of peripheral 
blood lymphocytes with distinctive morphological, 
phenotypic, and functional characteristics. NK cells display 
the structural features of large granular lymphocytes 
(LGL)"“ and the ability to lyse a variety of neoplastic and 
non-neoplastic cell targets, including virus-infected cells and 
hematopoietic cell precursors.”’ The phenotype of NK cells 
is best defined by the expression of receptors for the Fe 
portion of IgG (FcR, CD16) in the absence of the T cell 
receptor-associated complex, CD3.°*" FcR is the membrane 
ligand that allows recognition of IgG antibody-coated target 
cells (TC) for antibody-dependent cell-mediated cytotoxicity 
(ADCC), a cytolytic function exerted by cells that are 
virtually indistinguishable from NK cells.’ 

TC lysis is the final step in a cascade of events initiated by 
the formation of conjugates between NK cells and TC? 
Following interaction with the appropriate TC, NK cells 
show increased motility, redistribution of Golgi apparatus, 
microtubule organizing center, and other cytoskeletal struc- 
tures." These events are commonly referred to as NK cell 
activation or NK cell programming for TC lysis. As a 
consequence of activation, NK cells release the matrix of 
their granules, which is cytolytic for TC. The nature of the 
signals that determine NK/TC conjugate formation as well 
as programming of the NK cell for TC killing are presently 
unknown. However, in accordance with that observed for T 
or B lymphocytes, it is feasible that activation signals are 
delivered to NK cells via surface membrane molecules, and it 
appears that the FeR may be one such molecule." 

Another facet of the NK cell-activation process is demon- 
strated by enhancement of cytolytic efficiency by y inter- 
feron (y IFN) or interleukin 2 (IL 2). Both lymphokines 
are capable of boosting NK cell-mediated cytolysis indepen- 
dently of cell proliferation.” Furthermore, following IL 2 
activation blood mononuclear cells acquire the ability of 
lysing TC that are refractory to the lytic effect of resting NK 
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tubular structures were noted that may be the morphologi- 
cal equivalent of cytotoxic factors produced by cytolytic 
effector cells. These ultrastructural observations indicate 
that r-IL 2 and r-y IFN enhance the lytic ability of NK cells 
by acting on distinct cell machineries. The cytolytic ability 
was decreased when LGL were pretreated with K562 TC or 
immobilized anti-FcR antibody. In both experimental condi- 
tions cells displayed ultrastructural features indicating 
activation as well as loss of cytoplasmic granules and other 
Golgi-derived organelles. Stimulation of r-y IFN- or r-IL 
2-activated LGL with K562 TC or Sepharose-bound anti- 
FcR antibody decreased their cytolytic ability, with ceils 
depleted of granules at the ultrastructural level. Intracyto- 
plasmic fusion of granules and a massive release of the 
granule content were found in r-IL 2-stimulated cells, 
reminiscent of the mechanism of basophil degranulation. 
These observations suggest that multiple activation signals 
involving distinct surface membrane molecules induce 
release of cytolytic factors by both resting and activated 
NK cells. 

e 1987 by Grune & Stratton, inc. 


cells (eg, fresh tumor cells or tumor cell lines), a phenomenon 
known as lymphokine-activated killing (LAK). Whether 
y IFN and IL 2 exert their effect on NK cells or they recruit 
other types of cytolytic cell precursors is still a matter of 
debate.” 

In this study we describe changes in the ultrastructural 
features of LGL following interaction with the NK-suscepti- 
ble K562 cell line or with Sepharose-bound anti-FeR anti- 
body. We also report morphological changes in NK cells 
following activation with recombinant (r)-y IFN or r-IL 2 
and the effect of TC interaction on the morphological 
characteristics of r-IL 2- and r-y IFN-activated LGL. The 
distinctive morphological changes shown for LGL in the 
various experimental systems indicate that activation of NK 
cells and enhancement of their cytolytic ability occur 
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through a series of events that include de novo formation of 
granules and other Golgi-related organelles, structural 
changes of the granule matrix, and facilitated release of the 
granule content. 


MATERIALS AND METHODS 
Cell Preparations 


Human peripheral blood mononuclear cells (MNC) partially 
depleted of monocytes were the NK effector cell fractions in 
activation experiments with TC or Sepharose-bound anti-FeR anti- 
bodies (see below). MNC were isolated from heparinized peripheral 
blood of healthy adult volunteers by Ficoll-Hypaque (Pharmacia 
Fine Chemicals, Piscataway, NJ) density gradient centrifugation. 
MNC were depleted of monocytes by density gradient centrifuga- 
tion on 50.6% Percoll (Pharmacia) in RPMI 1640 with 10% fetal 
calf serum (RPMI-FCS) (Grand Island Biological Co, Grand 

“Island, NY), for 15 minutes at 800 g.” 

In other activation experiments MNC isolated as above were 
stimulated with r-y IFN (Schering-Plough Corp, Bloomfield, NJ) or 
r-IL 2 (Biogen, Cambridge, MA) and subsequently depleted of 
CD3* cells using the OKT3 MoAb (Ortho Pharmaceuticals, Rari- 
tan, NJ) and nontoxic rabbit complement (Cedar Lane. Hornby, 
Ontario, Canada) as described.’ Viable cells were recovered by 
Ficoll-Hypaque density gradient centrifugation. 


NK Cell Activation 


Lymphokines. Monocyte-depleted MNC fractions were cul- 
tured in RPMI-FPCS with or without 100 IU/mL of r-IL 2 or 500 
IU/mL of r-y IFN respectively for 72 or 18 hours. Enrichment for 
NK cells was achieved by CD3° cell depletion following lymphokine 
stimulation (see above). CD3° cell-depleted preparations were fur- 
ther incubated overnight with RPMI-FCS containing r-IL 2 or r-y 
IFN and were then processed for electron microscopy analysis. 

The effect of lymphokine stimulation on NK cell-mediated cyto- 
toxicity was tested using MNC fractions without CD3°* cell deple- 
tion. The effect of r-IL 2 on the cytotoxic ability of MNC was 
evaluated after 6, 24, and 72 hours of culture. The effect of r-y IFN 
was tested after incubation of MNC for 18 and 72 hours. 

NK cell targets. To investigate the ultrastructural changes of 
NK cells and their programming for TC killing following interaction 
with K 562 cells, the technique of Brahmi et al’ was used, as detailed 
elsewhere."' Briefly, K562 cells and monocyte-depleted MNC were 
preselected by density gradient centrifugation on a single step 
gradient of 40% (by volume) 285 mOsm Percoll. K562 cells were 
centrifuged for five minutes at 1,200 g on the Percoll gradient. and 
cells at the interface were collected. MNC were centrifuged on the 
same gradient for three minutes at 1,200 g, and only those cells 
forming the pellet were collected. These preselection procedures 
were repeated twice to enhance the purity of the desired populations. 
Preselected MNC were admixed with preselected K562 cells at a 2:1 
ratio, centrifuged at 200 g for seven minutes to facilitate conjugate 
formation, and incubated at 37°C for four hours. After incubation, 
all tubes received 10 mmol/L EDTA (Sigma, St Louis), were 
vortexed, and were vigorously pipetted to dissociate the conjugates. 
The dispersed MNC and TC were overlaid onto another 40% Percoll 
gradient and centrifuged at 1,200 g for five minutes. MNC recov- 
ered in the pellet were 99% free of K562 cells, as assessed by 
Wright's staining of cytocentrifuge cell preparations. These MNC 
cells were tested for their cytotoxic ability against K562 cells and 
were processed for electron microscopy analysis. 

Sepharose-bound anti-FcR antibody. The AB8.28 MoAb with 
specificity for the FcR or for an FeR-related molecule of LGL and 
granulocytes was coupled with Sepharose CL-4B (Pharmacia) as 
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described elsewhere.'*” For the NK cell stimulation experiments, 
2 x 10° MNC were admixed with 50 ul. of AB 8.28-Sepharose. This 
amount of antibody has been previously shown to be in excess for 
induction of class l antigen and IL 2-receptor expression, and for 
platelet-activating factor release by LGL.'? The MNC/AB8.28- 
Sepharose mixture was centrifuged and incubated as a pellet for four 
hours at 37°C. Pellets were vigorously vortexed to dissociate conju- 
gates, and lymphocytes were separated from Sepharose beads by 
centrifugation on a 40% Percoll gradient with a cell recovery of 
>90%. Lymphocytes in the pellet of the Percoll gradient were 
subsequently assayed for their cytolytic activity against K562 TC 
and were processed for electron microscopy analysis. Control 
reagents for these experiments were native Sepharose CL-4B beads 
and beads coated with anti-HLA-A, B, and C MoAbs, MNC 
incubated with these control beads were treated and assayed as cells 
incubated with AB8.28-Sepharose. 

To determine whether NK cells treated with Sepharose-bound 
anti-FcR antibody retained their ability to form conjugates with 
K562 TC, MNC were stained with fluorescein isothiocyanate- 
labeled anti-Leu 11b MoAb (Becton Dickinson, Mountain View, 
CA) and allowed to form conjugates with TC as described 
elsewhere.” Percentages of Leu 11* (CD16*) cells were also deter- 
mined for these cell preparations, as well as for control cell popula- 
tions. 

Stimulation of lymphokine-activated NK cells with K562 TC or 
Sepharose-bound anti-FcR antibody. MNC cultured for 72 hours 
with r-IL 2 or r-y IFN were analyzed for their cytolytic ability and 
for their ultrastructural features following a four-hour stimulation 
with K562 TC or Sepharose-bound AB8.28 antibody. 

For the evaluation of cytotoxicity against K562 TC, MNC were 
separated from the stimulatory K562 cells using EDTA and the 
Percoll selection procedure described above. When Sepharose-bound 
AB8.28 was used as stimulator, the cytotoxicity assay was per- 
formed in the presence of the Sepharose beads. Controls for the 
latter experimental system were performed in the presence of similar 
numbers of Sepharose beads not coated with antibody. A standard 
“'Cr-release assay was employed in these experiments (see below). 

For the ultrastructural analyses, MNC were depleted of both 
K562 cells and Sepharose beads using EDTA and the 40% Percoll 
gradient described above. 


Cytotoxicity Assays 


Flow cytometry assay. Changes in the cytotoxic ability of NK 
cells after lymphokine activation or stimulation with K562 TC or 
Sepharose-coupled anti-FeR antibody were evaluated using a flow 
cytometry cytotoxicity assay described elsewhere.” Briefly, effec- 
tor cells (EC) were incubated with K562 cells at EC:TC ratios 
ranging from 40:1 to 1.25:1 for four hours at 37°C. The EC/TC 
mixtures were subsequently resuspended, washed with RPMI-FCS, 
and stained with propidium iodide (PI, 40 u g/mL in phosphate- 
buffered saline [PBS]) (Sigma Chemical Co, St Louis). In this 
dye-exclusion assay only nonviable cells take up PI. Cells were then 
analyzed by flow cytometry (FACS Analyzer, Becton Dickinson, 
Sunnyvale, CA) with cytometer gates set to comprise TC but to 
exclude EC, based on differences in cel! volume and wide-angle light 
scatter characteristics. Two to five thousand events were collected 
through the appropriate cytometer gate, and the percentage of 
Pl-stained, nonviable TC was determined. We have shown previ- 
ously that this assay and the “classic” “Cr-release assay give 
virtually identical results.” 

When MNC were exposed to K562 cells or Sepharose-bound 
anti-FcR antibody prior to the cytotoxicity assay, the percentage of 
recovered Leu il* cells was determined and adjusted to that of 
control cell preparations. To this end MNC were stained with 
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fluorescein isothiocyanate-labeled anti-Leu 11b MoAb and the 
percentage of Leu 11* cells was determined by fluorescence micros- 
copy analysis. 

*'Cr-release assay. MNC incubated with r-IL 2 or r-y IFN for 
72 hours and subsequently treated with K562 TC or Sepharose- 
bound AB8.28 MoAb (see above) were analyzed for their cytolytic 
ability against K562 cells using a standard “'Cr-release assay.” 
MNC were admixed with "'Cr-labeled target cells at ratios ranging 
from 40:1 to 10:1 and the % specific *'Cr-reiease was evaluated 
following a four-hour incubation. 


Ultrastructural Studies 


Control and lymphokine-activated MNC and MNC stimulated 
with K562 TC or Sepharose-bound anti-FcR were fied with 1.25% 
glutaraldehyde in cacodylate buffer for one hoar at room tempera- 
ture. Cells were rinsed in cacodylate buffer, postfixed for one hour 
with 1% osmium tetroxide in the same buffer, dehydrated through a 
graded ethanol series, and embedded in Spurr’s medium.” Thin 
sections were stained with uranyl acetate and lead citrate and 
analyzed with a Philips 301 electron microscope. 


RESULTS 
Effects of r-IL 2 on LGL 


Monocyte-depleted MNC cultured with or without r-IL 2 
for 6, 24, and 72 hours were tested for their ability to lyse 
K562 TC. In accordance with that shown by others,” an 
enhancement of cell-mediated cytotoxicity was observed 
after a six-hour stimulation (P < 0.5). This enhancement 
was more significant (P < 0.1) after 24 and 72 hours of 
culture with r-IL 2 (Table 1). A slight progressive increase in 
the cytotoxic ability of control MNC was also observed, 
which could be due to the spontaneous release of NK 
cell-activating lymphokines during the culture period. 

For ultrastructural analysis, MNC cultured for three days 
with or without r-IL 2 were depleted of CD3* cells by 
treatment with OKT3 MoAb and complement. The aim of 
this procedure was to enrich for CD3°-CD16°* cells and to 
eliminate putative cytotoxic T cells generated by r-IL 2 
incubation. 

Fifty percent to 70% of the CD3~ cells in the control 
preparations displayed the morphological characteristics of 
resting LGL (Fig 1). These cells were round and displayed 
indented nuclei with clumped heterochromatin and small 
nucleoli. The Golgi apparatus and the centrioles were local- 
ized in the nuclear notch. Numerous electron-dense granules 
(five to ten per equatorial cell section) were scattered in the 
cytoplasm, with the majority of them containing an electron- 
dense matrix. Parallel tubular arrays (PTAs) and multive- 


Table 1. IL 2-Induced Enhancement of NK Cell-Mediated 
Cytolytic Activity Against K562 Cells* 








Hours in Culture Control IL 2+ 
6 7.1 + 2.8¢ 16.7 +9.1 
24 9.2+3.4 34.4 + 16.3 
72 18.9 + 10.1 50.6 + 8.3 





*E:T ratio = 5:1. 

+Celis were cultured with 100 IU of r-iL 2. 

tPercentages of nonviable cells as determined by flow cytometry {see 
Materials and Methods). Mean + SD from six different experiments. 
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sicular bodies (MVB) were occasionally found. Approxi- 
mately 1% of the cells displayed the features of activated 
LGL., as they are described below for r-IL 2-stimulated cell 
populations. 

Following culture with r-IL 2 for three days, the majority 
of cells displayed changes in size, shape, and structure (Fig 
2). r-IL 2-activated cells were larger than resting cells 
(compare magnifications in Figs 1 and 2) and assumed the 
shape of activated cells as shown by polar migration of the 
nucleus, ruffling of the cell surface, and formation of uropod- 
ia. The latter comprised most of the cytoplasmic organelles, 
including prominent centrioles, bundles of microtubules 
oriented along the longitudinal axis of the uropodium, and 
numerous stacks of Golgi cisternae. The cytoplasm was 
largely occupied by numerous smooth vesicles, some of which 
were seen budding from the lateral aspect of the Golgi 
cisternae. Granules were increased in number (>15 per cell 
section encompassing the uropodium) and size (compare 
Figs | and 2). Their matrix was highly electron-opaque and 
coarsely granular. MVB were found occasionally, and PTAs 
were virtually undetectable. LGL undergoing mitosis were 
also observed (Fig 2). 


Effects of r-y IFN on LGL 


MNC cultured overnight with r-y IFN displayed a signifi- 
cant increase in their cytolytic ability against K562 TC 
(Table 2). 

MNC preparations stimulated with r-y IFN were 
depleted of CD3° cells and further cultured overnight in the 
presence of r-y IFN prior to electron microscopy analysis. 
Following r-y IFN stimulation, LGL did not show those 
changes in size and shape observed after r-IL 2 treatment. 
However, the fine structure of the granules was profoundly 
different when compared to that of resting cells. Round cells 
with indented nuclei and a smooth surface were predomi- 
nant, but cytoplasmic granules containing an electron-dense 
matrix or PTAs were virtually undetectable. These orga- 
nelles were replaced by large vesicular structures containing 
aggregates of round vesicles or membranous myelin figures 
(Fig 3). A residual electron-dense matrix surrounded by 
small vesicles was commonly detected in multivesicular 
bodies. PTAs undergoing deaggregation were also observed 
(Fig 3). Numerous smooth and coated vesicles were free in 
the cytoplasmic matrix, particularly in the proximity of the 
Golgi apparatus which, unlike in r-IL 2-activated cells, was 
not expanded. 


Effects of Preincubation With K562 Cells on LGL 


The cytolytic ability of LGL against K562 cells was 
largely decreased when the effector cells were preincubated 
with the same TC for four hours at 37°C (Table 3). As shown 
in Fig 4, LGL displayed changes in shape similar to those 
observed for r-IL 2-stimulated cells. Uropodium formation 
and the rearrangement of cytoskeletal components were 
prominent features. Changes in the structure of the granules 
were also detected. Electron-dense granules and PTAs were 
decreased in number, and vesicles containing tubular struc- 
tures, deaggregated PTAs, myelin figures. and residual 
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Fig 1. Ultrastructural features of resting human NK cells. (A) The majority of the electron-dense granules are localized in the nuclear 
notch. (B) The Golgi apparatus (G) is surrounded by granules containing an electron-denese matrix. (C) The microtubule organizing 
center is commonly found in resting NK cells (C, centriole). (D) Parallel tubular arrays (PTA) may be free in the cytoplasm or surrounded by 
unit membranes. A, original magnification «19,500, current magnification =12,675; B, original magnification, «28,500, current 
magnification «19,950; C, original magnification = 30,000, current magnification «21,000; D original magnification x 80,000, current 


magnification x 56,000. 


matrix were commonly observed. In view of the decreased Effects of FeR Triggering on LGL 

cytotoxic ability of LGL following their exposure to an 

NkK-sensitive TC, the ultrastructural changes of the granules As shown in Table 4, treatment of MNC with a Sepha- 
suggest that release of the granule content occurred under rose-bound anti-FeR MoAb virtually abrogated the cyto- 


these experimental conditions. toxic ability of NK cells against K562 TC. However, NK 





Ultrastructural features of r-IL 2-activated NK cells. (A) Changes in the shape of cell body and nucleus are shown. The nucleus 


Fig 2. 
contains a large nucleolus. Granules are confined to the uropod region. (B) A cell in mitosis still exhibits numerous electron-dense 


granules. (C) A cytoplasmic area displaying a high concentration of electron-dense granules. (D) The Golgi apparatus (G) is expanded, and 
numerous Golgi-derived vesicles are found in the uropod region. (E) Centrioles and microtubules (MT) are also found in the uropod region 
of r-IL 2-activated NK cells. A, original magnification, x 8,000, current magnification 5.600; B, original magnification x 10,000, current 
magnification «6.200; C, original magnification x40,500, current magnification x 18,225; D, original magnification x 35.000, current 
magnification x 21,700; E, original magnification x 110,000, current magnification x 49,500. 
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Fig 3. Ultrastructural features of 
r-y IFN-activated NK cells. (A) Most 
of the granules still retain an electron- 
dense core; however, their structure 
is different from that observed in rest- 
ing NK cells (compare with Fig 1A). (B 
and C) The residual electron-dense 
matrix found in the cytoplasmic gran- 
ules is surrounded by vesicular and 
tubular structures. (D) An enlarged 
granule still containing an electron- 
dense matrix is shown together with a 
deaggregated parallel tubule array 
(PTA). A, original magnification 
x22,000, current magnification 
* 14,300; B, original magnification 
x 46,000, current magnification 
x23,000; C, original magnification 
x 51,000. current magnification 
x 12.600; D, original magnification 
x 50,000, current magnification, 
x 25,000. 





Table 2. y IFN-Induced Enhancement of NK Cell-Mediated 
Cytolytic Activity Against K562 Cells* 





Table 3. Decrease in the Cytotoxic Ability of NK Cells 
by Pretreatment With NK-Sensitive Target Cells* 








— Untreated K562-treated 

E:T Ratio Control y \FNtT E:T Ratio NK Cells NK Cells 
20:1 39:1 + 7.1¥ 52.6 + 14.2 40:1 51.2 + 12.8ł 25.7 + 4.1 
10:1 23.9 + 7.1 36.0 + 9.7 20:1 40.2 + 15.3 145+45 
5:1 11.2 + 2.2 17.5 + 9.2 10:1 25.5 + 12.2 8.0 + 2.4 





*Cells were incubated with r-y IFN for 18 hours. 

t500 IU of r-y IFN/mL of culture medium 

t% nonviable cells as determined by flow cytometry. Mean + SD from 
three different experiments. 


*See Materials and Methods section for details on the experimental 
procedure, 

tPercentages of nonviable cells as determined by flow cytometry 
Mean + SD from four different experiments. 
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Fig 4. Ultrastructural changes of NK cells following stimulation with K562 TC. (A) Uropod formation and changes in the content of 
granules are shown. (B) Numerous vesicles, some of which contain tubular structures surround the microtubule organizing center (C, 
centriole; MT, microtubules; G, Golgi apparatus). (C and D) Changes in the content of the electron-dense granule matrix are illustrated 
Electron-dense granules are replaced by vesicles containing membranous or tubular structures. A, original magnification «22,000, 
current magnification «14,300; B, original magnification x 45,000, current magnification x 24,750; C., original magnification «51,000, 
current magnification «28,050; D, original magnification x 110,000, current magnification x 60,500. 
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Table 4. Decrease in the Cytotoxic Ability of NK Cells by 
Pretreatment With Sepharose-Bound Anti-FcR Antibodies* 








ABS. 28-Sepharose- 








Untreated 
E:T Ratio Cellist Treated Cellst 
40:1 25.3 + 11,.4t 3.6 + 1.5 
20:1 12.6 + 5.0 Zid 1.4 
10:1 9.0 + 4.7 0.8 + 0.2 





*See Materials and Methods section for details on the experimental 
procedures. 

tPercentages of Leu 11° cells were 11.5 + 2.3 and 12.4 + 4.2 for 
untreated and for AB8.28-Sepharose-treated cell preparations, respec- 
tively 

tPercentages of nonviable cells as determined by flow cytometry. 
Mean + SD from three different experiments. 
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cells did not lose the ability to form conjugates with TC 
because the absolute percentage of Leu 11° cells (Table 4) 
and the dercentage of Leu 11° cells bound to K562 TC (81% 
and 90% respectively) were similar for AB8.28-Sepharose- 
treated MNC as for control MNC. In contrast, Sepharose- 
bound anti- HLA-A, B, C antibodies and uncoated Sepharose 
beads did not produce any significant change in the cytolytic 
ability of MNC or in their ultrastructural features (not 
shown), 

When examined by electron microscopy, the majority of 
anti-FcR-stimulated MNC displayed features of small or 
medium lymphocytes. Granules, vesicular structures, and 
PTAs were no longer detectable in >99% of the cells 
However, persistence of other typical morphological features 
such as auclear indentation, a well developed Golgi appara- 
tus and centrioles, or residual granule-related structures 
allowed identification of “agranular” LGL (Fig 5). Less 
than 1% of the cells demonstrated uropod formation and 





Fig5. Ultrastructural changes of NK cells following stimulation with Sepharose-bound anti-FcR antibody. The cell is largely depleted of 
electron-dense granules. Residual multivesicular bodies and prominent microfilament bundles are shown in the inset. Original 
magnification x 25,000, current magnification x 18,750. Inset, original magnification x 30,000, current magnification x 22,500. 
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Table 5. Decrease in the Cytotoxic Ability of r-IL 2- and/or r-y IFN-activated Cells by Stimulation With Sepharose-Bound Anti-FcR 
Antibody (AB8.28) or With K562 Cells 





Effector to Target Ratios* 











Lymphokine Stimulator 40:1 20:1 
None None 45.0 + 7.7+ 40.1 + 12.7 29.1 + 12.0 
rll 2 None 68.3 + 3.7 68.0 + 1.9 68.3 + 2.0 
rol 2 ABB.28 35.4 + 25.0(48)¢ 31.7 + 24.0(53) 22.7 + 19.7(67) 
rel 2 K562 44.3 + 17.8(35) 35.0 + 18.5(49) 23.6 + 13.8165) 
r-yiFN None 62.5 + 5.2 57.2 + 11.6 48.7 + 18.2 
r-yiFN AB8.28 7.7 + 6.0(88) 3.6 + 2.5(94) 1.4 £ 1.1197) 
r-yiFN K562 36.0 + 20.5(42) 23.0 + 14.2{60) 12.7 + 8074) 











*Using a °'Cr-release assay with K562 target cells. 


tMeans + SD of % specific *'Cr-release from three different experiments. 


tData in parentheses are the average percentual decrease of specific ®'Cr-release in comparison with lymphokine-activated, unstimulated calls. 


changes in the structure of the granules similar to those 
induced by r-y IFN or TC treatment. These ultrastructural 
observations indicate that LGL lose their complement of 
cytoplasmic granules following exposure to Sepharose-bound 
anti-FcR antibodies and provide an explanation for the 
complete abrogation of NK cell-mediated cytotoxicity 
observed in these experimental conditions. 


Effects of Stimulation by K562 TC or Sepharose-Bound 
Anti-FcR Antibody on Lymphokine-Actwated LGL 


The ultrastructural changes described above for r-IL 2- or 
r-y IFN-activated LGL have been related to their enhanced 
cytolytic ability. However, it is possiblethat increased granu- 
logenesis and changes in the structure of the granule matrix 
are associated with other LGL functions, such as release of y 
IFN or other secretory products. To reinforce the relation- 
ship between the structure of lymphokine-activated LGL 
and their increased killing efficiency, MNC were cultured 
for 72 hours with r-IL 2 or r-y IFN and subsequently 
stimulated with K562 TC or Sepharose-bound AB8.28 anti- 
body, two types of stimuli that are effective in reducing or 
abrogating the cytolytic ability of resting NK cells (see 
above). 

The cytotoxic ability of LGL activated by both lympho- 
kines was largely reduced following stimulation with K562 
TC or Sepharose-bound anti-FcR antibody (Table 5). At the 
ultrastructural level both types of stimuli produced a com- 
plete degranulation of lymphokine-activated cells. A notable 
finding was that r-IL 2-activated cells stimulated by K562 
TC or Sepharose-bound AB8.28 antibody displayed intracy- 
toplasmic fusion of granules followed by a massive discharge 
of the content of multiple granules (Fig 6). These morpholog- 
ical patterns of granule discharge resemble those observed in 
basophils triggered to degranulate via cross-linking of mem- 
brane ligand molecules or other types of stimuli.” A 
complete degranulation was also observed in r-y IFN- 
activated LGL (not shown). 


DISCUSSION 


It has been repeatedly shown that IL 2 or y IFN activate 
natural cytotoxic cells in vitro and in vive,”*""" but mecha- 
nisms underlying this functional enhancement are not yet 
eludicated. 


This study provides a morphological basis for the mecha- 
nisms of the enhanced NK cell-mediated cytotoxicity follow- 
ing stimulation of peripheral blood MNC with r-IL 2 or ry 
IFN. It also describes ultrastructural changes occurring in 
resting or lymphokine-activated LGL after their interaction 
with NK-sensitive TC or after triggering of surface FcR. 

CD3~ LGL displayed distinctive structural changes fol- 
lowing three-day culture with r-IL 2. Morphological features 
indicated increased cellular motility, de novo granule forma- 
tion, and cell proliferation. The Golgi apparatus was 
increased in size and appeared to release vesicles that were 
particularly numerous in the uropodium region. Thus the 
r-IL 2-mediated increase of NK cytotoxicity could be 
explained by the availability of a higher complement of 
cytoplasmic granules and vesicles and by an increased rate of 
cytotoxic factor release due to enhanced activity of cytoskele- 
tal structures associated with export of granule and vesicle 
contents. The association of these ultrastructural changes 
with augmentation of NK function was reinforced by obser- 
vation of a massive degranulation of r-IL 2-activated LGL 
upon contact with K562 TC. 

MNC preparations cultured with r-y IFN and subse- 
quently enriched for CD3~ cells displayed ultrastructural 
features different from those of r-IL 2-activated cells. No 
changes in cell size, shape, or number of granules were 
observed, but a dramatic change in the structure of the 
granules was noted. The electron-dense granules and PTAs 
commonly found in resting LGL were replaced by larger 
membrane-bound organelles containing vesicles, deaggre- 
gated PTAs, and a residual electron-dense matrix. Several 
studies have suggested that vesicular or tubular structures 
found in the cytoplasm of activated cytotoxic cells represent 
the morphological equivalent of cytolytic factors, 0% 134414 
Such structures are generated following interaction of the 
effector cells with the appropriate target cells and are 
detected within membrane-bound vesicles that are appar- 
ently derived from electron-dense granules." Our observa- 
tions demonstrate the appearance of similar structures fol- 
lowing stimulation of CD3~ LGL with r-y IFN and suggest 
that the enhanced cytolytic ability induced by this lympho- 
kine may reflect a preprogramming of the LGL via changes 
in their granule content. These changes may lead to the 
ready availability of active cytotoxic factors. 
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Fig. 6. Ultrastructural features of r-IL 2-activated NK cells following stimulation with K562 TC. (A) A large. activated cell is virtually 
devoid of electron-dense granules. (B) Another cell in the same experimental system exhibits intracytoplasmic fusion of granules. 
Arrowhead indicates the structure illustrated in C. (C) Ultrastructure of channe s formed by fusion granules that release their content 
extracellularly. Residual tubular structures are found within the channel formed by granule fusion. A, original magnification x 16,300, 
current magnification x 10,595; B, original magnification x 9,500, current magnification «6,650; C, original magnification «57.000, current 
magnification x 39,900. 
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Ultrastructural studies and the immunofluorescence local- 
ization of cytoskeletal components (eg, actin, tubulin, and 
vinculin) have shown that following interaction with the 
appropriate TC, cytotoxic cells acquire the shape of acti- 
vated cells, redistribute their cytoskeletal structures, and 
display marked changes in their granule content.'°'*” Our 
observations confirm these findings by showing that follow- 
ing conjugate formation with K562 celis, LGL form uro- 
podia and exhibit prominent microtubules and marked 
changes in the content of their granules. Changes in shape 
and cytoskeletal reorganization are similar to those docu- 
mented for r-IL 2-stimulated cells, whereas changes in the 
granule content are identical to those shown for r-y IFN- 
stimulated cell and also described by others for both NK cells 
and cytotoxic T cells.“ Therefore the synergistic effect on 
NK cell-mediated cytotoxicity noted with the combined use 
of r-IL 2 and r-y IFN“** can be explained by the action of 
the two lymphokines on two distinct cellular machineries. In 
addition, our functional studies provide evidence that, follow- 
ing interaction with sensitive TC, LGL release cytolytic 
factors, resulting in their impaired ability to kill K562 cells 
upon successive exposure to TC.” All of the above ultrastruc- 
tural observations demonstrate that NK cells respond to a 
variety of stimuli (lymphokines, triggering of surface mem- 
brane ligands, conjugate formation with tumor cells) by 
showing distinctive structural changes. The resulting 
increased cytolytic ability and the initiation of the cytolytic 
program are the result of increased granule formation, 
changes in the granule structures, and reorganization of 
cytoskeletal structures that may facilitate the release of the 
granule content. 

The AB8.28 MoAb is able to block FcR-mediated func- 
tions of NK cells and granulocytes, such as erythrocyte- 
antibody (EA) rosette formation, IgG-mediated phagocyto- 
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sis, and ADCC.” However, the antigen recognized by 
A B8.28 does not comodulate with the FeR (CD16) identified 
by other MoAbs (eg, Leu 11, VEP 13, B73.1),“ and it could 
be an FcR-associated structure or a distinct type of FeR. 
Sepharose-bound AB8.28 activates LGL as indicated by 
expression of class H antigens and IL 2 receptors and release 
of platelet-activating factor by LGL treated with this 
reagent. Here we have shown that the cytolytic ability of 
both resting and lymphokine-activated LGL is virtually 
abrogated after their exposure to Sepharose-bound AB8.28. 
This is not due to the lack of conjugate formation but to 
complete discharge of granules from AB8.28-treated LGL. 
Similar results have been obtained using Sepharose-bound 
anti-CDI6 MoAbs, such as B73.1 (Leu Ilc) (B. Perussia 
and C.E. Grossi, manuscript in preparation). Thus it appears 
that triggering of FeR or of an FeR-related structure may 
deliver an activation signal to LGL mimicking that provided 
by the TC. 

In conclusion, this study has shown that r-IL 2 and r-y 
IFN enhance NK cell-mediated cytolysis by mechanisms 
that result in different ultrastructural changes of LGL. 
Furthermore, activation of NK cells and release of cytotoxic 
factors shown after TC or FeR stimulation suggest that 
different surface membrane molecules may trigger the acti- 
vation pathway of LGL. The same signals appear to be 
effective in the triggering of both resting and lymphokine- 
activated LGL. 
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Type 8 Transforming Growth Factor Is a Potent Inhibitor of Murine 
Megakaryocytopoiesis In Vitro 


By Toshiyuki Ishibashi, Susan L. Miller, and Samuel A. Burstein 


To investigate the potential role of platelets in the inhibi- 
tion of megakaryocytopoiesis, freeze-thawed extracts of 
human platelets were added to serumiess liquid cultures of 
murine marrow. When acetyicholinesterase (AchE), a 
marker of megakaryocytic differentiation in mice, was 
assayed, a significant inhibition of enzymatic activity was 
noted in cultures containing the equivalent of greater than 
5 x 10° solubilized platelets per milliliter. Freeze-thawed 
extracts of granulocytes had significantly less inhibitory 
effect than did platelets. Transforming growth factor 8 
(TGF-8), a growth factor known to be inhibitory to some 
cell lineages and to be found at relatively high concentra- 
tions in platelets, was then added to liquid marrow 
cultures. A similar inhibition of AchE activity was detected 
when cultures were stimulated with mitogen-stimulated 
conditioned medium. The effect was potent with 50% 


ROLIFERATION of the human megakaryocytic colo- 

ny-forming cell (CFU-MK) has been shown by some 
investigators to be enhanced by the use of plasma rather than 
serum as a culture constituent.’* The reasons for this occur- 
rence may be in part related to inhibitory factors derived 
from platelets during the preparation of serum. Although 
serum rather than plasma has been used routinely in the 
culture of murine megakaryocytic colonies with no obvious 
adverse influence, this area has not been carefully studied. 
We recently observed that extracts of human platelets inhib- 
ited megakaryocytopoiesis in liquid cultures of murine mar- 
row. Since platelet extracts have been shown to be a source of 
transforming growth factor 8 (TGF-3)° we hypothesized 
that this polypeptide might be the inhibitor or one of several 
inhibitors of megakaryocytopoiesis derived from platelets. 
TGF-8 is a 25,000 mol wt homodimer found in numerous 
tissues; however, platelets appear to be the richest known 
source of this material.” TGF-8 is a unique polypeptide 
growth factor, promoting growth of some cell lines while 
inhibiting others.*'? In this report, we show that TGF-¢ 
inhibits in vitro murine megakaryocytopoiesis, although its 
effects are not limited to this lineage. 


MATERIALS AND METHODS 


Preparation of platelet and granulocyte extracts. Blood was 
obtained from normal human volunteers and collected into 0.2 
volumes of ACD. Platelet-rich plasma was prepared by two centrifu- 
gations at 200 g for ten minutes at room temperature. Following 
adjustment of the pH to 6.5 with 0.15 mol/L citric acid, the platelets 
were then pelleted by centrifugation at 1,200 g for 15 minutes. The 
pellets were resuspended into | mL of a buffer containing 0.129 
mol/L NaCl, 8.6 mmol/L Na,HPO,, 1.6 mmol/L KH,PO,, 13.6 
mmol/L Na citrate, 11.1 mmol/L glucose, pH 6.5, and gel-filtered 
through Bio-Gel A-50m (Bio-Rad Laboratories, Richmond, CA) to 
deplete contaminating plasma proteins. Seventy percent to 80% of 
the applied platelets were recovered following gel filtration. Platelets 
were adjusted to 10 x 10°/mL with phosphate-buffered saline 
(PBS) and freeze-thawed four times. Granulocytes were prepared by 
dextran sedimentation followed by centrifugation through Ficoll- 
Paque (Pharmacia, Piscataway, NJ) as follows’: 30 mL of human 
blood anticoagulated with 17% volume ACD was mixed with 20 mL 
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inhibition of AchE activity observed at 4 pmol TGF-8/L. To 
determine if TGF-8 inhibited specifically one aspect of 
megakaryocytic differentiation, the factor was added to 
isolated single megakaryocytes in serumless culture 
induced by interleukin 3 (IL3) to increase in size. The 
number of megakaryocytes increasing in size in response 
to IL 3 exposure was reduced from 68% to 20% when both 
factors were simultaneously added to cultures. Colony 
assays showed that megakaryocytic and granulocyte- 
macrophage colony detection was inhibited at picomolar 
concentrations of the factor. These data suggest that 
TGF-8 is a potent in vitro inhibitor of the murine mega- 
karyocytic lineage, although its effects are not limited to 
this lineage. 

e 1987 by Grune & Stratton, Inc. 


of Macrodex (6% dextran 70 in normal saline; Pharmacia} in a 
60-mL syringe. The syringe was maintained upright for one hour at 
room temperature. Following sedimentation the straw-colored upper 
layer was removed carefully and centrifuged at 150 g for ten minutes 
at 4°C, The pellet was treated with ice-cold H,O to lyse red cells 
followed by the addition of 0.6 mol/L NaCl. After centrifugation at 
150 g for ten minutes, the cells were overlaid on Ficoll-Pague and 
centrifuged at 300 g for 20 minutes at 4°C. The pellet was washed 
with PBS, adjusted to 2 x 10’ cells/mL. and finally freeze-thawed 
four times. This preparation contained >99% granulocytes. After 
centrifugation at 15,000 g for five minutes, the supernatants were 
removed and the protein concentration was measured, followed by 
dilution to the desired concentrations with PBS. The protein concen- 
trations of the extracts were measured by the method of Bradford." 

Mice. Six- to cight-week-old specific pathogen-free Ca B/G 
male mice obtained from Jackson Laboratories, Bar Harbor, ME, 
were used for all experiments. 

Marrow cell preparation. Mice were killed by cervical disloca- 
tion. The femurs were removed and the marrow expelled with 4 mL. 
of Iscove’s modification of Dulbecco's medium (IMDM: Irvine 
Scientific. Irvine. CA). A monocellular suspension was made by 
repetitive expulsion through progressively smaller needles, Cells 
were washed by centrifugation in IMDM at 250 g for ten minutes at 
4°C. Viable cell counts were performed by trypan blue exclusion. 

Liquid marrow cultures. Marrow cells were treated with 0.5 
mmol/L diisopropylfluorophosphate in 100% ethanol for 20 minutes 
to inactivate endogenous cholinesterase."* Cells (1 x 10° per well) 
were cultured in microwell plates in a final volume of 0.2 mL IMDM 
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supplemented with 1% Nutricyte (J. Brooks Laboratories, San 
Diego), a serum-free medium supplement containing 2% pokeweed 
mitogen-stimulated spleen cell conditioned medium (PWM-SCM) 
produced under serum-free conditions and various concentrations of 
platelet extract or transforming growth factor-beta (TGF-8; 96% 
pure; R & D Systems Inc, Minneapolis). One microgram of TGF-8 
was reconstituted in 1 mL of 4 mmol/L HCI and diluted to the 
desired concentrations with 4 mmol/L HCI containing 50 ug/mL of 
crystalline bovine serum albumin (BSA; Sigma Chemical Co, St. 
Louis). Control wells contained either the cellular extract diluent 
(PBS) or TGF-@ diluent (4 mmol/L HCI + 50 ug/mL BSA). 

Acetylcholinesterase (AchE} assay. AchE activity of liquid 
marrow cultures was measured fluorometrically to quantitate mega- 
karyocytopoiesis.'*'* After four days of culture, the cells were 
centrifuged at 700 g for ten minutes, and the supernatant was 
discarded. Two-tenths milliliter of a solution of 0.2% Triton X-100 in 
1 mmol/L EDTA, 0.12 mol/L NaCl, and 50 mmol/L HEPES pH 
7.5 was added to each well followed by the addition of 20 uL of 5.9 
mmol/L. acetylthiocholine iodide. After four hours of incubation, 10 
ul of 0.4 mmol/L coumarinphenylmaleimide (Molecular Probes 
Inc, Junction City, OR) was acded to 10 uL of the reaction mixture 
in a borosilicate glass tube followed by 2 mL of 5 mmol/L sodium 
acetate pH 5.0 containing | mmol/L EDTA and 0.2% Triton X-100. 
The fluorescence emission was measured with a filter fluorometer 
with an excitation filter of 390 am and an emission filter of 450 nm. 

Single cell culture of CFU-MK-derived megakaryocytes. Mar- 
row cells were first separated on a 1.070/1.077 g/cm’ discontinuous 
Percoll gradient to concentrate CFU-MK. One to 2 x 10° cells were 
cultured in 1% methylcellulose containing 15% platelet-poor plasma 
(PPP)-derived horse serum (Hyclone Laboratories, Logan, UT) and 
5% PWM-SCM. After five cays. megakaryocytic colonies were 
identified in situ and were selectively removed with a micropipette in 
2 ul. volumes and dispersed into 2 mL of IMDM containing 50 
nmol/L 8-mercaptoethanol (6-ME). Fewer than five colonies were 
removed at a time to maximize the dilution of the initial culture 
constituents. Individual cells were removed in I-zL volumes with a 
20-uL adjustable automatic pipette (Gilson Pipetman; Rainin 
Instrument Co, Emeryville, CA) and cultured with IL 3 (5 U/mL; 
provided by Dr James Ihle), TGF-8 (20 pmol/L), or both in 35 pL 
final volume containing 3% BSA, 1% Nutricyte, and 50 pmol/L 
B-ME for 24 hours as previously described.” Cell diameter was 
measured by determining the geometric means of two perpendicular 
diameters using an ocular sizing grid calibrated with a stage 
micrometer under an inverted microscope."* Cells of initial diameter 
of 12 to 25 um were chosen for this study. 

Colony assays. To assess the influence of TGF-8 on the detec- 
tion of megakaryocytic and granulocyte-macrophage (CFU-GM) 
colony-forming cells, marrow cells were cultured at 1 x 10° cells / 
mL in agar in 1-mL final volume in 35 mm Lux tissue culture dishes 
as previously described, with :he exception that horse serum was 
replaced with horse plasma-derived serum to presumably minimize 
TGF-8 contamination. ? PWM-SCM was used as a source of 
colony-stimulating activity. CFU-MK and CFU-GM-derived colo- 
nies were enumerated in situ.” Three to five replicate plates were 
counted for cach experiment. TGF-§ was added to each well at 
concentrations ranging from 0.4 to 800 pmol/L. 

Statistical analysis. Statistical analyses were performed by 
Student's t-test and chi-square analysis. Comparison between plate- 
let and granulocyte extracts was performed by log-logit transforma- 
tion of the raw data to linear plots and subsequent linear regression 
analysis of the differences between slopes. 


RESULTS 


Effect of cellular extracts on AchE activity in liquid 


culture. AchE activity was assayed fluorometrically on 
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Fig 1. The effect of freeze-thawed platelet extracts on AchE 


activity in liquid marrow cultures stimulated with PWM-SCM. A 
significant inhibition of AchE activity is observed at a concentra- 
tion =5 x 10° platelets/mL (P < 0.05: Student's t test). One of six 
similar experiments. The error bars represent + 1 SD of five 
replicate wells. AU, arbitrary fluorescence units. 


whole marrow cells treated with PWM-SCM and various 
concentrations of platelet extracts. As shown in Fig 1, 
platelet extracts inhibit AchE activity in murine liquid 
marrow cultures. A significant reduction was observed 
employing =5 x 10°/mL. of solubilized platelets (P < 0.05). 
This decrease in AchE activity was accompanied by a 
decrease in the size and apparent number of megakaryocytes 
when observed microscopically. Figure 2 shows the inhibition 
of AchE production of platelet x granulocyte extracts. A 
log-logit transformation was performed to linearize the data, 
as other means of representing the data yielded curvilinear 
plots. Platelet extract induced a significantly greater degree 
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Fig 2. Comparison of inhibitory activity of freeze-thawed 
platelet v granulocyte extracts. Extracts prepared as described in 
the Materials and Methods section. The abscissa represents the 
fog of the protein concentration, while the ordinate shows the logit 
(log{[% of contro! OD]/100 --% of controt OD]}). representing the 
AchE activity. A logit of zero thus indicates 50% inhibition. The 
slopes of these computer-generated lines are significantly dif- 
ferent (P < 0.001; linear regression analysis). The solid line (plate- 
let extract) is a composite of six experiments (each experiment 
was done with five different protein concentrations; at each 
concentration five replicate wells were assayed), while the dashed 
line (granulocyte extract) is a composite of four experiments done 
identically. Fifty percent inhibition of AchE activity is observed 
with 90 ug/ml of platelet extract. None of the tested concentra- 
tions of granulocyte extract induced 50% inhibition. Twenty-eight 
percent inhibition was observed at 90 ug/ml. of granulocyte 
extract. 
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Fig 3. The effect of TGF-@ on AchE activity in liquid marrow 
cultures stimulated with PWM-SCM. A significant inhibition of 
AchE activity is observed at 2 pmol/L TGF- (P < 0.05; Student's t 
test). The data represent the mean +1 SD of six experiments. Five 
replicate wells were assayed for each experiment. 


of inhibition than an equivalent amount of granulocyte 
extract (P < 0.001). 

influence of purified TGF-B on AchE activity in liquid 
culture. Figure 3 shows a significant decrease in AchE 
activity at a concentration of 2 pmol/L TGF-8, with further 
reductions at higher concentrations (P < 0.05}. Four pmol/ 
L TGF-8 was required for 50% inhibition of AchE activity. 
Visual inspection of these cultures showed a decrease both in 
the size and apparent number of megakaryocytes when 
compared to control cultures. When IL 3 was substituted for 
PWM-SCM, the identical inhibitory effects of TGF-8 were 
observed (data not shown). To determine whether the inhibi- 
tion of AchE activity was due to cytotoxicity of TGF-8, cell 
viability after culture was measured by trypan blue exclu- 
sion. No significant difference was observed between cells 
cultured with or without 400 pmol/L TGF-8 (P < 0.01). 

Cell diameter of single megakaryocytes isolated from 
CFU-MK exposed to TGF-8. Single megakaryocytes were 
cultured with 5 U/mL IL 3, 20 pmol/L TGF-8, or both 
factors at the indicated concentrations. Cell diameter was 
measured on 123 megakaryocytes before and after 24 hours 
of culture. As shown in Table 1, 68% of the cells increased in 
diameter in response to IL 3, whereas only 20% of the cells 
increased in response to the combination of IL 3 and TGF-@. 
The response to IL 3 was significantly inhibited by TGF-¢ 
(X? = 14.6, P < 0.0001). 

Colony assays. CFU-MK and CFU-GM were enumer- 
ated in situ after six days of culture. The effect of TGF-8 on 


Table 1. The Effect of TGF- on Isolated Single Megakaryocytes 





Number of Celis 
Increasing in Diameter (%} 





Control 5/34 (15) 
IL 3 (5 U/mL) 15/22 (68) 
TGF-8 (20 pmol/L} 3/26 (12} 
IL 3 (5 U/mL) + TGF-8 (20 pmol/L} 8/41 (20} 
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progenitor cells is shown in Table 2. No change in the 
numbers of CFU-MK- and CFU-GM-derived colonies were 
detected at concentrations <4 pmol/L. Inhibition of colony 
formation by both progenitor cell types was observed at 
concentrations =20 pmol/L (P < 0.01). However, at maxi- 
mum inhibitory concentrations, CFU-MK numbers were 
decreased by 77%, whereas CFU-GM were decreased by 
50%. Moreover, the numbers of cells per megakaryocyte 
colony and the size of the individual megakaryocytes within 
colonies were decreased in cultures containing TGF-@ (data 
not shown). 


DISCUSSION 


Although inhibitors of hematopoiesis have been postulated 
for many years, it has only been recently demonstrated that 
specific purified factors such as lactoferrin and acid isoferri- 
tins inhibit growth factor-driven hematopoietic cellular pro- 
liferation.’ Suggestions that megakaryocytic proliferation 
might be subject to a significant inhibitory mechanism were 
provided by the studies of Messner et al,’ Vainchencker et 
al,’ Kimura et al? and Solberg et al.* These investigators 
observed that megakaryocytic colony growth was markedly 
improved when the culture medium was supplemented with 
human plasma rather than serum and that the inhibitory 
activity appeared to be derived from platelets. 

To determine if a platelet-derived factor might inhibit 
murine megakaryocytopoiesis, we added freeze-thawed 
extracts of human platelets to serumless liquid cultures of 
murine marrow. We measured AchE, a relatively specific 
marker of the murine megakaryocytic lineage by a fluoro- 
metric method that is sensitive to low concentrations of the 
enzyme.” Measurement of enzyme activity presumably 
reflects both the number and the state of differentiation of 
megakaryocytes.'*!* At concentrations of extract equivalent 
to 5 x 10° platelets per milliliter, a significant inhibition of 
AchE activity was noted. These data together with the 
human colony data are somewhat at odds with the findings of 
Williams et al.” These workers could detect no effect of the 
addition of freeze-thawed platelet extracts on the numbers of 
murine megakaryocytic colonies detectable in agar cultures. 
It is possible that the use of fetal calf serum or the 
conditioned medium used by Williams et al might account 
for the differences observed. 


Table 2. Effect of TGF-8 on Colony Growth 








TGF-8 (pmol/L) CFU-MK/ 10° Cells CFU-GM/ 10" Celts 
0 22 £2 123 » 13 
0.4 19+2 107 +9 
4 19 +2 101 + 16 
20 18 23 95 +8 
40 12 +3 76 +7 
100 6+1 73411 
200 54:2 70 13 
400 6+2 61 + 10 
800 (7) (76) 





An increase in diameter was defined as an increment of greater than 
0.5 um, The range of increments was 0.5 to 7.2 um. The data represent 
the summation of all celis analyzed in five experiments. The difference 
between cells treated with IL 3 + TGF- and IL 3 alone is highly 
significant (P < 0.0001; chi-square analysis). 


The data represent the mean + 1 SD of six experiments except for the 
numbers in parentheses (one experiment). Three to five replicate plates 
were enumerated for each experiment. A significant difference was 
observed at 20 pM TGF-@ for both CFU-MK and CFU-GM (P < 0.01; 
Student's t test). 
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However, studies of inhibition employing whole cell 
extracts are complex. Inhibition may be specific and have 
significance with respect to regulation. Conversely, inhibi- 
tion may be nonspecific or trivial and related to proteolysis, 
pH changes, or other potential effects of whole cell extracts. 
Since extracts of cells other than platelets probably contain 
numerous constituents not present in platelet extracts, appro- 
priate controls for this type of experiment are difficult to 
devise. On a per weight basis, however, platelet extracts 
contain more inhibitory activity than granulocyte extracts. 
Nevertheless, a more convincing experiment might be the 
documentation of inhibition by a purified factor at concen- 
trations physiologically achievable. 

Recently a factor, designated transforming growth-factor 
beta, has been purified to homogeneity and molecularly 
cloned.*’”’ This factor stimulates the anchorage-indepen- 
dent colony growth of anchorage-dependent cells lines but 
has the additional property of inhibiting the growth of other 
cell lines in soft agar.'"'?** Although TGF-@ can be derived 
from many sources, the relative abundance of this factor in 
platelets (estimated to be at a 100-fold greater concentration 
than other sources examined) suggested to us that TGF-g 
might be one of the factor(s) inhibiting megakaryocytopoie- 
sis. 

Therefore we repeated our inhibitor studies with highly 
purified TGF-8. In serumless cultures, subnanomolar con- 
centrations of this factor inhibited AchE accumulation with 
significant inhibition first observed at 2 pmol/L (50 pg/mL). 
This concentration is approximately equivalent to the 
amount of TGF-@ in 5 x 10° platelets, based on previous data 
suggesting that I ng of the factor is releasable from 10° 
platelets.” 

Quantitation of AchE activity in these unfractionated 
liquid marrow cultures does not distinguish between CFU- 
MK proliferation and megakaryocytic differentiation." 
Although marrow can be separated by physical techniques 
into megakaryocyte-rich or CFU-MK-rich fractions, addi- 
tion of TGF-8 to such separated marrow would not rule out 
the possibility that the factor was acting indirectly via 
accessory marrow cells, Therefore to determine specifically 
the influence of TGF-8 on one aspect of megakaryocytic 
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differentiation, we studied the effect of the factor on isolated 
single megakaryocytes in serumless culture. As shown previ- 
ously, IL 3 is one factor that promotes megakaryocytic 
differentiation as assessed by increments in cell size, ploidy, 
and AchE content.” At the tested concentration of 20 
pmol/L, the percentage of cells expected to increase in size in 
response to IL 3 was markedly inhibited by TG F-8. 

The inability to isolate single CFU-MK precludes a simi- 
lar analysis of the influence of TGF-8 on megakaryocytic 
progenitor cell proliferation. Nevertheless, picomolar con- 
centrations of TGF-8 inhibited both megakaryocytic and 
granulocyte-macrophage colony formation in a standard 
agar culture system. Preliminary data from Solberg et al” 
suggest that TG F-8 inhibits early erythroid and multilineage 
colony formation in addition to megakaryocytic colony for- 
mation in man. TGF-§ may thus be a general inhibitor of 
hematopoiesis, although its effects may not be directly on the 
progenitor cells themselves, 

The data show that TGF-8 is a potent in vitro inhibitor of 
murine megakaryocytopoiesis. Moreover, TGF-8 is an inhib- 
itor of the granulocytic lineage, at least at the level of the 
colony-forming cell. These data do not show, however, that 
TGF-f is the only platelet-derived inhibitor. Other factors 
that inhibit megakaryocytopoiesis may be present in platelet 
extracts, perhaps with greater lineage specificity, and further 
investigation of this possibility will be required. Thus the 
overall importance of TGF-8 in the suppression of hemato- 
poiesis in general and megakaryocytopoiesis in particular 
remains unclear. 

Studies of the influence of TGF- on in vivo megakaryocy- 
topoiesis will be of interest. Hypertransfusion of platelets 
into experimental animals has been shown by a number of 
investigators to result in a decrease in the size, ploidy, and 
number of megakaryocytes, an effect attributed to suppres- 
sion of a thrombopoietic hormone.’ Krizsa et al have 
reported that administration of freeze-thawed platelet 
extracts also inhibits megakaryocytopoiesis.” [t is conceiv- 
able that these in vivo effects of platelets or platelet products 
may not be related to suppression of a hormone but rather 
mediated via platelet-derived inhibitor(s), perhaps including 
TGF-8. 
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Fetal Hemoglobin Levels and 8° Globin Haplotypes in an Indian Population With 
Sickle Cell Disease 


By A.E. Kulozik, B.C. Kar, R.K. Satapathy, B.E. Serjeant, G.R. Serjeant, and D.J. Weatherall 


To further explore the cause for variation in hemoglobin F 
(Hb F) levels in sickle cell disease, the 8 globin restriction- 
fragment length polymorphism haplotypes were deter- 
mined in a total of 303 (126 SS, 141 AS, 17 S8°. 7 AB, and 
12 AA) indians from the state of Orissa. The 8° globin gene 
was found to be linked almost exclusively to a 8° haplotype 
(+ ++ =~ ++), which is also common in Saudi Arabian 
patients from the Eastern Province (referred to as the 
Asian 8° haplotype). By contrast, the majority of 8^ and 8° 
thalassemia globin genes are linked to haplotypes common 


HE clinical course of homozygous sickle cell (SS) dis- 

ease varies from death in infancy to absence of symp- 
toms with almost normal life expectancy.’ An important 
determinant of clinical severity is the level of fetal hemoglo- 
bin (Hb F) that inhibits intracellular polymerization of sickle 
hemoglobin (Hb S), and hence sickling, and reduces the 
severity of hemolysis and the occlusion of the microcircula- 
tion. A recent study has shown that SS disease in Orissa 
State, India has a mild clinical picture associated with high 
levels of Hb F and a high prevalence of œ thalassemia.* 
Classical and molecular genetic analyses in this population 
have produced evidence fer a dominant factor linked to the 8° 
globin gene that is responsible for increased y-globin gene 
expression in both SS disease and sickle cell 8° (S589) 
thalassemia. A separate Swiss type HPFH/ active in both 
heterozygotes (AS) and homozygotes (SS), appears to be 
common in these families. 


PATIENTS AND METHODS 


During a three-week period in February/March 1986, clinical 
and hematologic examinations were performed on 148 patients with 
sickle cell disease (131 SS; 17 S@° thalassemia). In addition, 142 
persons with the sickle cell trait, seven with the 8° thalassemia trait 
and 12 persons with a normal globin genotype who were parents or 
siblings of the index cases, were also studied. Relatives below the age 
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in all European and Asian populations (+ — =~ = = —[+/—]; 
-= ++ = +), Family studies showed that there is a 
genetic factor elevating Hb F levels dominantly in homozy- 
gotes (SS). This factor appears to be related to the Asian 
BS globin haplotype, and a mechanism for its action is 
discussed. There is also a high prevalence of an indepen- 
dent Swiss type hereditary persistence of fetal hemoglobin 
(HPFH) determinant active in both the sickle cell trait and in 
sickle cell disease. 
® 1987 by Grune & Stratton, Inc. 


of 3 years were excluded because of the effect of young age en Hb F. 
Peripheral blood samples were kept frozen at ~ 20°C and within 3 
weeks were transported to Oxford where “y to “y globin chain ratios 
were measured with high pressure liquid chromatography* and 
where DNA was extracted. Further aliquots of the peripheral blood 
samples were kept at 5°C to 10°C and were taken to Jamaica where 
Hb F levels were measured by alkali denaturation? for which the 
upper limit of normal for that laboratory was 0.7%. DNA was 
digested with restriction endonucleases Hind H, Hind IH, Xma I 
and Bam HI under conditions recommended by the manufacturers. 
The 8 globin gene haplotype was determined by Southern blot 
analysis® using the following genomic DNA fragment probes: 1.3 kb 
Bam H1/EcoRI e 3.3 kb Hind HH y: 1.8 kb Bel H /Xba I g8; Bam 
HI/EcoR] IVS-2 #. In cases with two different haplotypes the 
correct haplotype pair was derived by family studies, but in one 
patient with SS disease and in eight with S8° thalassemia this was 
not possible, and it was assumed that a common haplorype was 
present with a rare haplotype rather than two rare haplotyes.” 


RESULTS 


Some clinical and hematologic characteristics of the SS 
patients are reported elsewhere." 

Hemoglobin F levels. The levels of fetal hemoglobin in 
Indian SS patients are markedly higher than in Jamaican 
patients.” Mean Hb F levels did not differ significantly 
between the age groups of 2 to 5 years (17.1%), 6 to 10 years 
(17.7%), and 11 to 20 years (17.5%) but were significantly 
lower in those above 20 years (14.5%). Hb F levels in Indian 
patients with S8° thalassemia were markedly higher (mean 
14.9%) than in a comparable Jamaican group’ but did not 
differ significantly (P > 0.1) from Indian SS patients. #y/^y 
ratios in ten SS patients with Hb F levels of about 20% 
ranged from 0.68 to 0.82: three SS patients with Hb F levels 
below 10% showed ratios of 0.82, 0.84, and 0.85; and in seven 
other such patients ratios were above 0.6, although in these a 
more precise quantitation was not possible. 

The mean Hb F level in 108 AS adults (20 years and 
above) was 0.7% and in 33 nonadults (3 to 19 years) was 
0.9%. Hb F levels exceeded 1% in 25 (23%) AS adults and in 
nine (27%) AS nonadults. Comparison of the Hb F distribu- 
tion in Indian and Jamaican AS parents with SS offspring 
(Fig 1) indicated that high levels occur more frequently in 
Indian parents. The mean Hb F level in 12 AA relatives was 
0.3% (range 0.1% to 0.6%). 

Family studies. Hb F levels in Jamaican patients with 
SS disease are known to be related to the Hb F levels in their 
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Fig 1. Comparison of Hb F levels in Indian and Jamaican AS 
parents of offspring with SS disease. 


AS parents, rising with increasing maximum parental Hb F 
level. Examination of Indian data reveals a similar relation- 
ship, although for any individual level of parental Hb F the 
Hb F levels in SS offspring are higher compared to Jamai- 
cans (Fig 2). In 21 families in which both parents had Hb F 
levels below 1%, Hb F levels in the 27 offspring with SS 
disease (mean [SD], range; 15.4% [4.7%], 7.5% to 24.7%) 
were significantly lower (P < 0.05) than in 30 offspring with 
SS disease (18.8% [4.5%], 9.7% to 27.4%) among 21 families 
in which at least one parent had an Hb F level exceeding 1%. 
When Hb F levels were examined in the AS and AA 
offspring of such families, Hb F levels were below 1% in all 
20 offspring (17 AS, 3AA) of the former type of family but 
exceeded 1% in 5/10 AS and in neither of the 2 AA offspring 
in the second type of family. Thus about 20% of the 
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Fig 2. Distribution of Hb F levels (mean + 1 SD) in Indian and 


Jamaican patients with SS disease according to maximal parental 
Hb F levels. 
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heterozygous AS offspring have a phenotype similar to the 
Swiss type HPFH with Hb F levels of more than 1%. This 
phenotype seems to segregate in a Mendelian fashion but 
independently of the 8 haplotype. 

Haplotype analysis. With the combination of enzymes 
and probes used in the present study, the commonest f 
haplotype was + + + — + + - (Hind H e, Xmn I y, Hind IH 
Gy, Hind HI ôy, Hind H y8, Hind H 3’ y8, Bam HI 8) and 
closely resembles that designated No. 31 by Antonarakis et 
al.” Since different restriction sites were used and since the 
haplotype is commonly linked to the @° globin gene in Saudi 
Arabian'®"* and Indian’®"* but not in African populations, it 
is referred to as the Asian 9° haplotype. 

In 126 SS patients analysis of the 3° haplotypes revealed 
that 107 (85%) were homozygous for the Asian 6 haplotype, 
17 (13%) were heterozygous, and two patients had a haplo- 
type that differed only at the Hind H «site. The distribution 
of Hb F levels did not differ significantly between these 
groups (Table 1). Among 141 AS individuals the 
+4+-+44+-— haplotype occured homozygously in seven, 
heterozygously in 120, and did not occur on either chromo- 
some in 14 persons (Fig 3). Mean Hb F levels in these groups 
expressed as the geometric means were 1.49%, 0.63%, and 
0.41% respectively; analysis of variance indicated a highly 
significant trend (P = 0.0002) between groups. Hb F levels 
exceeded 1% in five (71%) homozygotes, in 27 (23%) hetero- 
zygotes, and in two (14%) individuals without this haplo- 
type. 

The frequency of 8°, B^, and 8° thalassemia haplotypes in 
unrelated individuals (Table 2} indicates that the # muta- 
tion occurs predominantly on the Asian haplotype and 6° 
thalassemia mutations on the +---—-—-+ haplotype. 
Normal 8 globin genes were carried on chromosomes charac- 
terized by a variety of different haplotypes. most frequently 
the += — =- + orthe —— ++ +4 + pattern. 


DISCUSSION 
Some of the clinical variability of SS disease has been 


attributed to raised Hb F levels causing a milder clinical 


Table 1. 8 Globin Haplotypes, Hb F Levels, and Ages of Indian 
Patients with SS Disease and SS” Thalassemia 











Haplotype 

Pare Oi A asa i” g , Mean Mean 
Globin Ee HbF Age 
Genotype 7 «we wh a Number (%) (Years) 
ss HE+ HHS H M H H o 107 16.4 166 
PE TEE EE fe E E E 15 16.6 13.3 

+++ +++ -4 1 93 4 

+ + + bop ft 1 22.3 4 

ancl ce a wt Ma ie E R E $ 1 24.5 18 

y + +—/ +4 1 10.5 8 
sge POE AES E = eh 15 14.3 20.2 

tHpe pee feet cas 1 18.4 24 

os ae ee ae ey ers ae Se a 1 18.7 13 








The map represents the 8 globin gene cluster with restriction endonu- 
clease dimorphisms used in this study. 

Abbreviations: H, Hind H; Hd, Hind HE B, Bam Hi; X, Xmłn E +, 
presence of the respective restriction site; —, absence of the respective 
restriction site. 
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Fig3. Hb F levels of heterozygous (AS) relatives of SS disease 
patients according to their haplotype combination. 


picture.' Elevated Hb F levels with a mild clinical phenotype 
appear common in Arab and Iranian patients.'*'? The lim- 
ited data previously available suggested that elevated Hb F 
levels were also common in Indian patients.” Selected 
family studies have suggested that the high Hb F levels 
might be due to an HPFH determinant linked to the 8° globin 
gene*'°?**4 and associated with a particular 8° haplotype 
(+++-~++-—).'°? Furthermore, the geographic distribu- 
tion of this haplotype coincides with the occurrence of high 
Hb F levels and of mild SS disease." 

In the present study of a large number of Indian patients 
with SS disease and S° thalassemia, the Hb F level was 
found to be raised and the @* globin gene was almost 
exclusively linked to the Asian 8° haplotype. The basis of this 
relationship is unclear. Among AS individuals there was 
evidence that Hb F levels were directly related to the number 
of copies of the Asian 6° haplotype inherited, consistent with 
a genetic determinant linked to this haplotype. However, the 
SS population was so homogeneous (85% being homozygous 


Table 2. Haplotype Frequencies of independent ĝ*, 8°, and 8^ 
Chromosomes in Orissan Indians 














Haplotype 6 Be B^ 
TE 187 (89.9%) ~- = = 5 (4.2%) 
= 18 (8.6%) 1 (8.3%) 7 (5.9%) 
—_ =~ = 13 (10.9%) 
~=- 1 (8.3%) 23 (19.3%) 
+ + 1 (0.5%) 10 (83.4%) 56 (47.1%) 
+ - 2 (1.0%) 8 (6.7%) 
Others — == 7 (5.9%) 
Totals 208 12 119 
is as in Table 1. Other haplotypes (+ —-— —— +~; 
c ai aa Reet ele oa le ae ia an A: dia a E e e 


= oot; 4+ ot + + + +) were observed on one chromosome 
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for the Asian 8° haplotype) that it was unsuitable for 
examining whether this haplotype was linked to factors 
determining Hb F level. Indeed, only two patients did not 
possess this haplotype, but in both there was a closely related 
haplotype. It is conceivable that in this population the Hb F 
levels observed in SS disease are not linked to the Asian p° 
haplotype but reflect some other genetic factor common in 
Asian Indians that facilitates increased y-globin gene 
expression under erythropoietic stress. However, most 
patients with homozygous 8 thalassemia of mixed Asian 
Indian origin are transfusion dependent with low Hb F 
levels,“ and the genetic background is similar to Orissan 
Indians as the common 8^ haplotypes in these two popula- 
tions are identical (Table 2).”* It is of interest that patients 
with homozygous @ thalassemia with a haplotype closely 
related to the Asian 6° haplotype have higher Hb F levels” 
and that this observation together with the data on the Asian 
& haplotype in this report support the hypothesis that a 
determinant for raised Hb F levels is linked to that haplo- 
type. Furthermore, the HPFH factor linked to the Asian 3° 
haplotype seems to be dominant in SS disease’! and S8° 
thalassemia (Table 1), as one copy of the Asian §* haplotype 
is sufficient to raise the Hb F level. The mechanism for this 
effect is unclear. One possibility is a gene closely linked to the 
Asian haplotype that encodes for a factor acting in trans on 
both chromosomes. Alternatively, a site, such as a promoter 
region, within the Asian haplotype might be capable of 
locally concentrating transacting factors that might then 
influence the paired homologous allele. This latter mecha- 
nism has been suggested in drosophila where transcriptional 
enhancement of the Sgs-4 gene was shown to be mediated by 
diffusible factors that are at a high local concentration and 
can be utilized by paired homologous genes within the same 
domain.” 


position —158 5’ to the °y globin gene that introduces an 
Xmn I restriction site is linked to the core haplotype + = + + 
(Hind H iy, Hind Hyg) and that it is associated with a raised 
Sy/*y globin chain ratio. ®! This site is present in the 
common Indian 8° haplotype, confirming the tight linkage of 
the Sy — 158 C—T mutation to the + — + + core haplotype, 
and our findings also show its association with raised “y/4y 
globin chain ratios. The lack of SS patients not carrying the 
Sy — 158 C-»T mutation in this study—-only three are 
heterozygous and all the others homozygous for this muta- 
tion—unfortunately does not allow us to address the question 
whether the Sy —158 C—T mutation causes raised Hb F 
levels in Indian patients with SS disease. 

Whatever mechanism is involved, inheritance of the Asian 
6° haplotype is not the only determinant of Hb F levels in this 
population. In some families there appeared to be an HPFH 
determinant, phenotypically of the Swiss type.’ which segre- 
gated independently of the Asian §* haplotype. Thus raised 
Hb F levels in AS offspring segregated in families where at 
least one parent had a high Hb F level and even within the SS 
population who were mostly homozygous for the Asian f° 
haplotype, the mean Hb F differed by a statistically signifi- 
cant 3%, depending on whether an AS parent manifested a 
raised Hb F level. There appear, therefore, to be at least two 
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determinants of the Hb F level in this Indian population. An 
HPFH determinant that has also been recognized in Jamai- 
cans accounts for the increasing Hb F levels observed with 
increasing parental Hb F levels. However, for each level of 
parental Hb F, the Hb F observed in Indian SS offspring 
exceeds that in comparable Jamaicans, and this difference 
may be related to possession of the Asian 8° haplotype. 

Of the three @° globin haplotypes recognized in homozy- 
gous sickle cell disease in Africa, only one, designated the 
Senegal haplotype, was associated with high Hb F levels.” 
The close similarity between the Senegal haplotype 
(=++- +++) and the Asian 6° haplotype 
(+++ ++) is therefore of interest. The characteriza- 
tion of factors responsible for raised Hb F levels is clearly 
important in understanding the natural history of sickle cell 
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disease, is of clinical prognostic interest, and is likely to shed 
some light on mechanisms of globin gene regulation. The 
Asian 8° haplotype (+ ++ — + + -—)} seems to be linked to 
such an HPFH determinant; confirmation of this would 
require an Asian population with greater heterogeneity of 8° 
haplotypes, allowing study of the relationship of Hb F to 
different combinations. 
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Myeloablation With Diaziquone: In Vitro Assessment 


By Brian H. Kushner, Salvatore Siena, and Hugo Castro-Malaspina 


The promising antineoplastic agent diaziquone is asso- 
ciated with prolonged aplasia and rare instances of bone 
marrow necrosis, but only mild extramedullary toxicity. To 
explore the drug's potential as a myeloablative agent prior 
to bone marrow transplantation, we compared its effects 
on hematopoietic versus marrow stromal cells. After 
short-term (one to six hours) or prolonged (three to seven 
days} exposure to the drug, marrow was assayed for 
hematopoietic (CFU-Mix, BFU-E, CFU-GM) and stromal 
(CFU-F) colony-forming cells and studied in long-term mar- 
row culture (LTMC). One- and three-hour treatments pro- 
duced little cytotoxicity, even at 5000 ng/mL. After six- 
hour treatments with this dose, marrow was depleted of 
CFU-Mix, BFU-E, and CFU-GM, but produced CFU-GM in 
LTMCs, indicating an ongoing input of CFU-GM from a 
surviving pre-CFU-Mix population. In contrast, elimination 
of the latter may be inferred from the absence of CFU-GM 
in LTMCs exposed for three to seven days to diaziquone at 


IAZIQUONE (AZQ, NSC _ 182986) is a lipophilic 

quinone that was rationally synthesized to optimize 
blood-brain barrier penetration.’ Its antineoplastic effect”® 
has been attributed to alkylating activity.’ Its slow uptake by 
leukemic cells® but short plasma half-life'?°"' led to phase 
H/H trials of prolonged infusions.° Pancytopenia, not extra- 
medullary toxicity, was the dose-limiting factor. This obser- 
vation suggested that diaziquone may be best exploited in the 
context of bone marrow transplantation. Bone marrow 
necrosis, however, occurred in two of three patients given 
maximal doses, raising concern that diaziquone may damage 
the hematopoietic microenvironment and thereby jeopardize 
engraftment. ? We investigated this issue by using clonal 
assays and long term marrow cultures (LTMCs) to correlate 
the drug's ablative capacity on hemopoietic cells with its 
effects on marrow stroma! cells. Our studies underscore the 
usefulness of LTMCs for investigating drug effects on hema- 
topoietic and nonhematopoietic components of marrow, 
demonstrate that diaziquone’s cellular kinetics render 
LTMCs particularly appropriate for defining the effects on 
human marrow of prolonged exposure to this drug, and 
support the pretransplant use of diaziquone in myeloablative 
doses. 


MATERIALS AND METHODS 
Bone Marrow Cells 


Heparinized marrow aspirated from the iliac crests of healthy 
volunteers who gave informed, written consent were centrifuged at 
200 g for ten minutes. The buffy coat cells were collected and 
washed. For some experiments, marrow was fractionated by aggluti- 
nation with soybean lectin and by rosetting with sheep erythrocytes 
to isolate a target population (SBA-E~cells) enriched for hemato- 
poietic cells and 97% to 994 %-depleted of stromal cells? and T 
cells." 


Diaziquone Preparation and Drug Exposure 


Diaziquone was provided in 10-mg vials by the National Cancer 
Institute. It was reconstituted in N, N-dimethylacetamide and phos- 
phate buffer saline immediately before use. Further drug dilutions 
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only 150 ng/mL. Under these conditions, CFU-F recovery 
was 40% and adherent stromal layers in LTMCs were 
similar to untreated controls regarding rate of develop- 
ment and cellular composition. Our in vitro pre-CFU- 
Mix-ablative regimen correlates with clinical data that 
show prolonged but reversible myelosuppression at stea- 
dy-state diaziquone plasma levels of 101 + 10 ng/mL 
(mean + standard error of mean) during 7-day constant 
infusions. In conclusion: (a) hematopoietic cells are more 
sensitive than marrow stromal cells to the dose- and highly 
time-dependent cytotoxicity of diaziquone, {b} a direct 
drug-induced noxious effect on the marrow microenviran- 
ment is an unlikely cause of the isolated episodes of 
marrow necrosis after the use of diaziquone in vivo, and (e) 
prolonged infusion of diaziquone represents an attractive 
means for achieving myeloabliation in selected clinical situ- 
ations. 

e 1987 by Grune & Stratton, Inc. 


were prepared with the medium appropriate for the specific culture 
technique being used. When reconstituted in solution maintained at 
pH 7.0, diaziquone has a half-life of 17 days." 

Marrow buffy coat cells in alpha-medium (Flow Laboratories, 
Hamden, CT) with 10% heat-inactivated fetal calf serum (PCS) 
were incubated at 5 x 10° cells/mL with graded doses of diaziquane 
for 1, 3 or 6 hours at 37°C in a humidified 5% CO, atmosphere, and 
washed three times prior to use. In experiments examining the 
effects of prolonged drug exposure, marrow cells were resuspended 
and cultured in medium containing diaziquone in the amounts 
needed to achieve the desired drug concentration. 


Culture Techniques 


Multilineage and erythroid colony-forming cells. Mononuclear 
cells were recovered from untreated or diaziquone-treated marrow 
buffy coat cells by neutral density centrifugation in an isotonic 
sterile Percoll solution, 1.074 g/mL, 270 mosm (Pharmacia, Pis- 
cataway, NJ). These cells or SBA-E-cells were cultured” in quadru- 
plicate in 35-mm dishes (Lux Scientific Co, Newburg, CA} at 1.0 x 
10°/mL of 1% methylcellulose in Iscove's modified Dulbecco 
medium with 30% human plasma, 10% phytohemagglutinin-stimu- 
lated leukocyte-conditioned medium, 5 x 107% mol/L 2-mercapto- 
ethanol, and one unit of human recombinant erythropoietin (AMG- 





From the Memorial Sloan-Kettering Cancer Center Laboratories 
of Developmental Hematopoiesis and Bone Marrow Transplanta- 
tion Service, New York. 

Submitted August 20, 1986; accepted February 3, 1987. 

Supported by Grant No. ACS-CH-201 from the American Can- 
cer Society, Grants No. ROI-HL31780 and CA-23766 from the 
National Institutes of Health, and by the Gar Reichman Founda- 
tion. 

Address reprint requests to Hugo Castro-Malaspina, MD, Bone 
Marrow Transplantation Service, Memorial Sloan-Kettering Can- 
cer Center, 1275 York Ave. New York, NY 10021. 

The publication costs of this article were defrayed in part by page 
charge payment. This article must therefore by hereby marked 
“advertisement” in accordance with 18 U.S.C. $1734 solely to 
indicate this fact. 

© 1987 by Grune & Stratton, Inc. 

0006-497 1/87/6 906-003 2 3.00/0 


1747 


1748 


en, Thousand Oaks, CA). CFU-Mix and BFU-E were scored on 
day 14. 

Granulocyte-macrophage colony-forming cells. Marrow cells 
were cultured as described” in quadruplicate in 35-mm dishes 
(Corning Glass Works, Corning, NY) at 2 x 10°/mL of 0.3% agar 
in supplemented McCoy's 5A medium and 10% FCS. In each dish, 
0.1 mL of medium conditioned by the 5637 bladder carcinoma cell 
line stimulated colony formation. * CFU-GM (more than 50 cells/ 
aggregate) were scored on day 7. 

Fibroblast colony-forming cells. Marrow buffy coat cells (5 x 
10°) in 20 mL alpha-medium with 20% FCS were set up in T-75 
flasks (Corning) that were gassed with 5% CO, in air and kept at 
37°C. Medium was changed on day 4 in cultures of cells preincu- 
bated with diaziquone for 1, 3, or 6 hours. In cultures exposing cells 
to diaziquone for three or seven days, the initial medium contained 
graded amounts of diaziquone but was replaced by drug-free 
medium on day 3 in one set of experiments, and on day 7 in another 
set. Cultures were stopped on day 10, stained with Wright-Giemsa 
solution, and scored for CFU-—F (more than 50 cells/aggregate).”” 

Long-term marrow cultures. Marrow buffy coat cells (20 x 
10°) suspended in 10 mL medium were inoculated into T-25 flasks 
(Corning) that were gassed with 5% CO, in air, and kept at 37°C. 
The medium consisted of supplemented McCoy’s SA medium,” 
12.5% horse serum, 12.5% FCS, and 10°° mol/L hydrocortisone 
sodium succinate, with or without graded amounts of diaziquone, 
depending on the experimental design. On day 3 in one set of 
experiments and on day 7 in a separate set, supernatants were 
purged of erythrocytes and mature myeloid cells by Percoll separa- 
tion; the mononuclear cells were returned to their flasks in fresh, 
drug-free medium. LTMCs were then maintained at 33°C. Half of 
the supernatant was removed weekly and the cells in suspension were 
assayed for CFU-GM. At week 3, adherent layers in some flasks 
were suspended” using a nontoxic 0.01% (wt/vol) Ca**- and 
Mea’ *-free trypsin (GIBCO, Grand Island, NY) solution to deter- 
mine their CFU-Mix, BFU-E, and CFU-GM content. 

To monitor stromal layer development, the extent of flask cover- 
age by an interlocking network of cells was estimated weekly by 
phase microscopy. Cellular composition was assessed in situ by 
immunofluorescence methods.” Fibroblasts were identified by rab- 
bit antibodies to fibronectin (Bethesda Research Lab, Gaithersburg, 
MD) and to collagen type HI (Dr H Furthmayr, Yale University). 
Endothelial cells and macrophages were identified by mouse mono- 
clonal antibodies (Australian Monoclonal Development, Antarmon, 
Australia) to factor VIH-related protein and to human monocytes/ 
macrophages, respectively. Adipocytes were distinguished by their 
morphology. 


Statistical Analysis 

With the Minitab package program (Duxbury Press, Boston), 
regression analyses were performed for the clonogenic assays using 
the log of the percent of the control as the dependent variable and the 
diaziquone dose as the independent variable. Lines were forced 
through the value of the log of 100% at dose zero. Slopes of the fitted 
lines were compared based on F-tests computed from residual sums 
of squares. 


RESULTS 
Effect of Diaziquone on Marrow Colony-Forming Cells 


Diaziquone exerted dose- and time-dependent killing of 
clonogenic hematopoietic and stromal cells (Fig 1). One- 
hour treatments did not significantly affect recovery of these 
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Fig 1. Survival curves of marrow hematopoietic and stromal 
progenitors. Results shown are the maan (SEM less than + 10%) of 
three (CFU-Mix, BFU-E) and four (CFU-GM, CFU—F) experiments 
at each exposure time. Controls wers: CFU-Mix, 19 = 2 per 4 x 
10° cells; BFU-E, 94 + 9 per 2 x 10° calis; CFU-GM, 91 + 7 per 10° 
cells; and CFU-F, 131 + 15 per 5 x 10° cells. Note the marked 
time-dependency of diaziquone cytotexicity on all four cell types. 


cells, even at high drug concentrations (500 to 5,000 ng/mL, 
data not shown). With longer treatments, increasing doses 
caused an exponential decrease in progenitor recovery. 
Three-hour treatments with 1,000 ng/mL produced approxi- 
mately 30% reductions in CFU-Mix, BFU-E, and CFU- 
GM survival, and 10% to 15% decrease in CFU-F. With 
6-hour treatments, doses that inhibited 50% (IDo) of CFU- 
Mix, BFU-E, and CFU-GM were 160 ng/mL, 200 ng/mL, 
and 245 ng/mL, respectively, which were significantly lower 
than the IDs of 530 ng/mL for CFU-F (P = .001), 
CFU-Mix and BFU-E did not differ significantly in sensi- 
tivity to diaziquone ( P = .15), but these progenitors were 
significantly more sensitive than CFU-GM (P = .005). 
After 6-hour exposure to 5,000 ng/mL, hematopoietic pro- 
genitors were not detected, but CFU-F recovery was 10%. 
When marrow buffy coat cells were plated with graded 
amounts of diaziquone in the culture medium, ie, 7-day 
constant exposure, the IDs of CFU-GM formation was 60 
ng/mL, and CFU-GM recovery was 5% at 250 ng/mL (Fig 
1). To ascertain whether this inhibition was a direct effect on 
hematopoietic cells or was mediated via effects on accessory 
“helper” cells, SBA-E-cells were cultured under the same 
constant-exposure conditions. Survival curves of CFU-GM 
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matched those observed using buffy coat cells (data not 
shown). 

When marrow buffy coat cells were cultured for CFU-F 
with graded amounts of diaziquone in the medium for seven 
days, ie, 7-day constant exposure, the IDs of CFU-F was 
110 ng/mL (Fig 1). Similar results—-CFU-F IDs of 145 
ng/mL—were obtained with 3-day constant exposures (data 
not shown), 


Effect of Diaziquone on LTMCs 


Diaziquone dosage and length of treatment significantly 
affected LTMCs regarding CFU-GM production, the rate 
of development, and the cellular composition of adherent 
layers. Marrow suspensions treated for one or three hours 
(Fig 2) with doses of diaziquone up to 5,000 ng/mL and then 
set up in LTMCs produced CFU-GM for five to six weeks 
and gave rise to adherent stromal layers that, similar to 
controls, reached confluence within three to four weeks and 
contained fibroblasts, macrophages, adipocytes, and rare 
endothelial cells (Table 1). 

Treatments for six hours (Fig 3) caused more marked 
dose-dependent reductions in CFU-GM yields. In particu- 
lar, following 6-hour treatments with very high doses of 
diaziquone, eg, 5,000 ng/mL, marrow suspensions that were 
depleted of CFU-Mix, BFU-E, and CFU-GM, as measured 
by direct assay in semisolid medium. generated CFU-GM 
for five weeks in LTMCs. Six-hour treatments with diazi- 
quone up to 500 ng/mL did not adversely affect stromal 
layer development or composition (Table 1) as compared to 
controls; at 1,000 ng/mL, however, confluence was very 
delayed, and at 5,000 ng/mL confluence was not attained. 

LTMCs exposed to diaziquone for three or seven days (Fig 
4) at doses up to 100 ng/mL generated CFU-GM for five or 
more weeks. Doses of 150 ng/mL or greater abolished 
recovery of CFU-GM from either the nonadherent or the 
3-week-old adherent cellular compartments of LTMCs. Pro- 
longed exposure to doses of diaziquone up to 250 ng/mL 
retarded the development of confluent stromal layers but did 
not alter the heterogeneous cellular composition as compared 
to untreated controls (Table 1). After prolonged exposures to 
500 ng/mL, confluence did not develop; only fibroblasts and 
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adipocytes were identified. Higher doses resulted in occa- 
sional-to-rare fibroblastic areas. 


DISCUSSION 


Our studies demonstrate differential sensitivities to diazi- 
quone of hematopoietic as compared to marrow stromal cells, 
highlight the time-dependency of diaziquone’s cytotoxic 
activity, and support using prolonged, myeloablative infu- 
sions of diaziquone in conjunction with bone marrow trans- 
plantation. 

One- and three-hour treatments with up to $,000 ng/mL 
diaziquone had little effect on hematopoietic progenitors, 
whereas 7-day exposure to doses as low as 50 ng/mL had a 
significant cytotoxic impact on these cells. Data from CFU- 
Mix, BFU-E, and CFU-GM, however, may not apply to the 
pluripotent stem cell that constitutes the target of definitive 
myeloablative procedures prior to bone marrrow transplan- 
tation. Differences in drug effects on committed versus 
pluripotent hematopoietic cells are inferred from the in vivo 
hematologic regenerative capacity of harvested marrow 
depleted of CFU—Mix, BFU-E, and CFU-GM by purging 
with 4-hydroperoxycyclophosphamide (4-HC).”" Direct 
measurement of the pluripotent stem cell is not now feasible 
in humans, but LTMCs may provide an indirect means for 
detecting hematopoietic cells that are more primitive than 
CFU-Mix. We observed sustained production of CFU-GM 
in LTMCs initiated with marrow completely depleted of 
CFU-Mix, BFU-E, and CFU-GM by 6-hour treatments 
with 5,000 ng/mL diaziquone. These findings, similar to 
results with anti-la antibody,” 4-HC,” and VP-16," indi- 
cate an ongoing input of CFU-GM from a surviving, pre- 
CFU-Mix population. In sharp contrast, CFU-GM were not 
recovered from LTMCs following three- or seven-day expo- 
sures to 150 ng/mL diaziquone. These data support an 
ablative effect on pre-CFU-—Mix of prolonged exposure to 
low doses of this drug. 

Although eliminated from LTMCs exposed for three to 
seven days to 150 ng/mL diaziquone, CFU-GM are detect- 
able at seven days when marrow is cultured in semisolid 
medium containing doses up to 250 ng/mL. These seemingly 
inconsistent findings are not attributable to diaziquone 
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WEEKS IN CULTURE 


Fig 2. 


WEEKS IN CULTURE 


Effects of 3-hour treatments with diaziquone on LTMC stromal layer development (left) and CFU-GM generation {right}. Note 


the relatively minor differences in these parameters over a wide range of diaziquone dosages. Results shown are the mean of three 


experiments. 
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Table 1. Composition of Stromal Layers in LTMCs Derived From Diaziquone-Treated Bone Marrow 
itt 250 ng/mi. 500 ng/mL 1,000 ng/mL 5,000 ng/mL 
Exposure F M Ac EC F M Ad EC F M Ad EC F M Ad EC 
3 hr 44+ 2+ 34 1+ 4+ 2+ 3+ t+ 4+ 24+ 3+ 1+ 3-44. 1-2 + 2+ + 
6 hr 4+ 24+ 3+ 14 44 24 3+ 1+ 44+ 1+ 12+ 0 2-34 0 14 0) 
3 days 4+ 2+ 34 O-1 + 2-3 + o 1-2 + 0 T+ o 0 0 0-14 0 o o 





The presence and relative amount of different types of adherent stromal cells was semiquantitatively assessed. Control stromal layers derived from 


20 x 10° untreated marrow buffy coat cells exhibited the following composition: F, 4+: M, 2+; A, 3+, EC, += 14 


F, fibroblast; M, macrophage; Ad, adipocyte; EC, endothelial cell. 


effects on accessory cells, since CFU-GM survival curves 
using buffy-coat cells or stromal-cell- and T-cell-depleted 
SBA-E-marrow fractions overlap. Diaziquone’s cellular 
kinetics provide a more convincing explanation. Slow cellular 
uptake" rather than cell-cycle-specificity*® accounts for the 
time-dependency of diaziquone’s cytotoxicity. When marrow 
is assayed for CFU-GM by direct plating in semisolid 
medium containing diaziquone (ie, constant 7-day drug 
exposure) progeny—appearing as colonies of cells—are gen- 
erated before sufficient drug is accumulated to produce a 
cytotoxic effect on the progenitor cell. In contrast, when the 
effects of prolonged drug exposure are studied using 
LTMCs, drug uptake preceeds for several days, reaching 
cytotoxic intracellular levels, before hematopoietic progeni- 
tor cell assays are performed. In assessing the cytotoxicity of 
prolonged diaziquone exposure, therefore, we view the 
LTMC data as more reflective of the in vivo situation than 
the data from semisolid medium assays. In fact, the hemato- 
poietic-stem-cell ablative diaziquone regimen defined in our 
system-——3-day exposure to 150 ng/mL—correlates with 
clinical experience®: prolonged but reversible myelosuppres- 
sion followed seven-day constant infusions of diaziquone that 
produced steady-state plasma concentrations of 101 + 10 
ng/mL (mean + SEM; range 54-150 ng/ml). Presumably, 
higher drug levels (as in our system) cause myelosuppression 
that is unacceptable in the absence of bone marrow rescue. 
Bone marrow necrosis in two of three patients treated by 
prolonged infusions of maximal doses of diaziquone® raises 
the issue of drug-induced damage to the marrow microenvi- 
ronments.'* Such an effect might block hematologic recovery 
posttransplantation of bone marrow and would make this 
method of diaziquone adminstration unsuitable for pretrans- 
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plant use. Our in vitro hematopoietic-stem-cell ablative 
diaziquone regimen is relatively sparing of marrow stromal 
progenitors, as shown by the 40% recovery of CFU-F. 
Moreover, adherent layers that formed in LTMCs after 
prolonged treatments with up to 250 ng/mL of diaziquone 
attained confluence and resembled untreated controls 
regarding heterogeneity of cellular composition. We inter- 
pret these data as supporting the analysis® that other factors, 
eg, vessel occlusion secondary to rapid and extensive cell lysis 
within a markedly hypercellular marrow,” caused the necro- 
sis. Additional support for this view comes from radiation 
data. In vitro radiation at 480 to 840 cGy (depending on the 
dose rate) abolishes human CFU-F recovery and inhibits 
LTMC stromal layer development,*” yet patients irra- 
diated with up to 1,440 cGy routinely engraft with bone 
marrow transplants,” indicating an intact marrow microen- 
vironment. It may be deduced that since (relative to their 
respective myeloablative dosages) diaziquone is much less 
toxic in vitro than radiation to marrow stromal cells, a 
similar situation prevails in vivo. 

Total body irradiation and busulfan, the conventional 
methods of myeloablation prior to bone marrow transplanta- 
tion, have overlapping pulmonary toxicities” that make it 
risky to use both modalities in the same patient within a short 
period of time. Yet, repeat or intensified myeloablative 
measures may be indicated (a) to prepare patients for a 
second transplant, ®™™ (b) to treat refractory acute leuke- 
mias, or (c) to ablate the expanded, abnormal primitive- 
stem-cell compartments of disorders such as juvenile chronic 
myeloid leukemia (JCML) or blastic-phase chronic 
myelogenous leukemia (Ph’+ CML).2*** Intensive diazi- 
quone regimens—25 to 35 mg/m?/d x 5 to 7 days by bolus 
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Fig3. Effects of 6-hour treatments with diaziquone on LTMC stromal layer development (left) and CFU-GM generation (right). Results 
shown are the mean of three experiments. Note the prolonged generation of CFU-GM in LTMCs derived from marrow suspensions that at 
the time of LTMC initiation were depleted by treatments with 5,000 ng/mL of directly measurable hematopoietic progenitors. 
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Fig 4. Effects of 3-day exposures to diaziquone on LTMC stromal layer development (left) and CFU-GM generation lright). Results 
shown are the mean of four experiments and are similar to those obtained with 7-day treatments. Note that prolonged treatment with 150 
ng/mL abolishes CFU-GM generation but does not impair stromal layer development. 


ing blasts from patients with refractory or relapsed acute 
nonlymphocytic leukemias and from patients with panmyel- 
opathies such as JCML, Ph’+ CML, and secondary leuke- 
mia. These results have been clouded, however, by prolonged, 
life-threatening aplasia. No significant extramedullary tox- 
icity, pulmonary in particular, has been seen at doses used 
thus far.” Our data indicate that a diaziquone regimen 
adjusted to maintain plasma levels of approximately 150 
ng/mL. for three to seven days is myeloablative without 
undue toxicity to the marrow microenvironment. Taken 


together, these clinical and laboratory findings favor incor- 
poration into transplant preparative protocols of this rela- 
tively nontoxic approach when, as in the clinical situations 
listed above, repeat or highly aggressive myclotoxic measures 
are desired. Since other studies demonstrate that prolonged 
exposure to suprapharmacologic doses of diaziquone does not 
significantly suppress lymphocyte mitogenic responses sig- 
nificantly (Chin LJ, Kushner BH, Cunningham-Rundies 5, 
Castro-Malaspina H: unpublished data), the use of diazi- 
quone in the allogeneic marrow transplant setting must be 
coupled with immunosuppressive measures. 
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Favism: Impairment of Proteolytic Systems In Red Blood Cells 


By A. Morelli, M. Grasso, T. Meloni, G. Forteleoni, E. Zocchi, and A. De Flora 


Red blood cells (RBC) from favic patients are characterized 
by (a) severe oxidative damage (contributed by autoxida- 
tion of divicine and isouramil, two pyrimidine aglycones 
present in fava beans) and (b) greatly increased calcium 
levels. In vitro, both autoxidation of divicine and calcium 
loading produced marked alterations of proteolytic sys- 
tems in intact RBC. Specifically, autoxidizing divicine 
inactivated procalpain, the proenzyme species of calcium- 
activated cytosolic neutral proteinase, or calpain. Inactiva- 
tion was much greater with glucose-6-phosphate dehy- 
drogenase (G6PD)-deficient RBC than with normal RBC. On 
the other hand, loading of normal and G6PD-deficient RBC 
with calcium resulted in (a) conversion of procalpain to 
calpain and eventual autoproteolytic inactivation of calpain 
itself, and (b) extensive release of acid endopeptidase 
activity from the membranes into the cytosol. Damaged 
RBC from favic patients had significantly lowered procal- 


AVISM RECENTLY HAS been shown to be character- 
ized by heavily disordered red blood cell (RBC) cal- 
cium homeostasis.” The intraerythrocytic calcium levels 
were found to be several-fold higher and, concomitantly, 
calcium ATPase activity was significantly reduced in RBCs 
from patients experiencing acute hemolysis following inges- 
tion of fava beans, as compared with RBCs from healthy 
glucose-6-phosphate dehydrogenase (G6PD)-deficient sub- 
jects. These changes were also seen upon incubation of RBCs 
with divicine? a hydroquinonic pyrimidine aglycone that, 
together with its cogener isouramil, has been implicated as a 
cytotoxic component of fava beans.* Cytotoxicity of divicine 
and isouramil is mediated by their autoxidation, which 
results in the formation of both quinoid species and H,O,.° 
A selective target of divicine autoxidation is procalpain, 
the intrinsically inactive proenzyme form of the calcium- 
activated neutral proteinase, or calpain. In addition, intra- 
cellular elevation of calcium triggers conversion of procal- 
pain to calpain and the eventual autoproteolytic inactivation 
of calpain itself in the intact RBC.’ These experimental 
findings prompted us to explore the properties of the proteo- 
lytic systems of RBCs during acute hemolysis of G6éPD- 
deficient subjects in favism. Data from this study and from 
studies using purified procalpain indicate that the procal- 
pain-calpain system may represent an important defense 
mechanism against oxidant-induced formation of Heinz bod- 
ies. Accordingly, this proteolytic system seems to prevent, at 
least to some extent, the G6PD-deficient RBCs from being 
sequestered and removed by the spleen. 


MATERIALS AND METHODS 


Blood samples and biochemical assays. Blood samples from 19 
male subjects were investigated in this study according to the 
principles of the Helsinki declaration. Of these subjects, four with 
normal G6PD activity had the normal wild-type enzyme (B). 
Another subject with G6PD B had high reticulocytosis (31%) 
because of a gastric hemorrhage. The other 14 subjects, all of 
Sardinian ancestry, were G6PD-deficient. Their levels of RBC 
G6PD activity, estimated by the spectrophotometric assay described 
previously,’ ranged between 0.0008 and 0.009 IU/g Hb. Eight of 
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pain activity and an abnormal subcellular distribution of 
acid proteinase activity that was found mostiy in the 
cytosol. When purified calpain was incubated with mem- 
branes from acetylphenylhydrazine (APH)-treated RBC, 
significant proteolysis was observed affecting mostly band 
3 and hemoglobin chains, ie, the two proteins involved in 
the onset of aggregation of Heinz bodies. Moreover, expo- 
sure of intact RBC to 20 mmol/L APH induced depletion of 
procalpain activity for which the time course was inversely 
related to formation of Heinz bodies. These findings sup- 
port the role of procalpain in protecting G6PD-deficient 
RBC from oxidant-induced Heinz body formation and imply 
that exhaustion of the procalpain-calpain system is an 
important step in the mechanisms of RBC damage and 
destruction in favism. 

o 1987 by Grune & Stratton, inc. 


these G6PD-deficient subjects were completely asymptomatic and 
represented controls. The other six G6PD-deficient subjects (three 
children and three adults) were patients during acute hemolysis 
following ingestion of fava beans, as indicated by severe anemia, 
massive hemoglobinuria, high amounts of Heinz bodies, reticulocyte 
counts above 5% (up to 60% in an adult patient), methemoglobin 
levels above 5%, and intraerythrocytic calcium (determined by 
atomic absorption spectrophotometry}' above 120 zmol/L. 

Blood samples were drawn and defibrinated with glass beads. 
Leukocytes and residual platelets were removed according to the 
procedure of Beutler et al,’ and RBCs were processed within 24 
hours for assays of proteolytic activities. Assays of procalpain 
activity in 1.0-mL samples of packed RBCs were carried oul 
following removal of the endogenous protein inhibitor by chromatag- 
raphy of the hemolysates on a column (0.7 x 10 cm) of diethyl- 
aminoethanol (DEAE)-cellulose. Procalpain activity was assayed 
according to Melloni et al,"' using acid-denatured globin as substrate 
in the presence of | mmol/L Ca**. In these conditions procalpain 
undergoes limited auto-proteolysis to yield the fully active calpain 
species. Procalpain activity was expressed as units/ml of packed 
RBCs and 1.0 mL of RBCs was considered to contain 330 mg 
hemoglobin (Hb} as measured before the chromatography step. 
Purification of procalpain from human RBCs was carried out 
according to Melloni, et alt 

Assays of acid endopeptidase activity were performed.’ Both 
membrane-bound and cytosolic activities were expressed as units / 
mL of packed RBCs. In the case of membrane-bound acid endo- 
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peptidase activity, this figure corresponded to units/5.0 mg of 
membrane protein. In all the favic patients with acute hemolysis, 
membranes contained large amounts of cytosolic proteins, mostly 
denatured hemoglobin (see Results); therefore, we estimated the 
precise content of membrane proteins by subtracting the hemoglobin 
levels, assayed according to Bodemann and Passow,” from the total 
protein content. Assay of cytosolic acid endopeptidase activity was 
preceded by DEAE-cellulose chromatography of the relevant hemo- 
lysates.” 

Analysis of membrane proteins was performed on SDS polyacryl- 
amide slab gels according to Fairbanks et al'* by running 8 ug of 
stromal protein on each lane. Fractionation of RBCs according to 
density was obtained by centrifugation on discontinuous gradients of 
Stractan H.'*!* Four cell layers were obtained, defined as fractions 1, 
2, 3, and 4 respectively, in order of increasing density. Fractions 2, 3, 
and 4 were usually pooled. yielding the “dense RBC fraction.” 
Reticulocytes were counted on dry preparations after supravital 
staining; usually at least 1,000 cells were counted. 

In vitro incubations of RBCs. RBCs were incubated in air ata 
final 10% hematocrit for 30 minutes at 37°C in 0.04 mol/L 
N-tris(hydroxymethyl)methyl-2-aminoethane sulfonic acid (TES), 
pH 7.4, containing NaCl up to an osmolarity of 310 mosm/L H,O 
(isoosmotic TES-NaCl), 5 mmol/L glucose and divicine at the 
concentrations indicated. Control samples lacking divicine were 
incubated in parallel. Reduced divicine was prepared fresh before 
each experiment by acid hydrolysis of commercial vicine (Serva, 
Feinbiochemia GMBH & Co., Heidelberg, FRG}. 

RBCs were loaded with calcium upon incubation at a final 10% 
hematocrit for 30 minutes at 37°C in isoosmotic TES containing 5 
mmol/L glucose, 5 mol/L A 23187, and 100 pmol/L CaCl.’ 
Samples not containing A 23187 or CaCl, were usually run in 
parallel. 

The in vitro formation of Heinz bodies was obtained upon 
incubating normal RBCs {containing G6PD B) at a final 50% 
hematocrit for up to three hours at 37°C in isoosmotic TES 
containing 20 mmol/L acetylphenylhydrazine (APH). Control sam- 
ples, not containing APH, were incubated in parallel. Heinz bodies 
were observed by phase contrast microscopy" and express from — to 
+ ++ +. GSH was estimated according to Beutler." 


RESULTS 


RBC proteolytic systems and autoxidation of divi- 
cine. Procalpain undergoes significant inactivation in 
intact RBCs exposed to autoxidizing divicine (Table 1). Loss 
of procalpain activity is consistently greater in the G6PD- 
deficient RBCs than in the normal RBCs because of the 
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distinctive lability of GSH in the genetically affected cells. 
On the contrary, the acid endopeptidase activity of both 
normal and G6PD-deficient RBCs incubated in the presence 
of autoxidizing divicine is unaffected. 

Proteolytic events in Ca’*-loaded RBCs. Loading of 
intact RBCs with 100 pmol/L Ca?* by treatment with the A 
23187 ionophore is followed by remarkable alterations in 
both proteolytic systems, ie, the procalpain-calpain system 
and the three acid endopeptidases normally associated with 
the membrane.’” Specifically, procalpain undergoes exten- 
sive inactivation (from 20.3 + 3.6 to 8.7 + 2.3 units/mL. in 
the normal RBCs and from 22.1 + 3.2 to8.1 + 2.4 units/mL 
in the G6PD-deficient RBCs). This inactivation is the result 
of transient conversion of procalpain to calpain that is then 
degraded to inactive fragments intracellularly.’ The total 
acid endopeptidase activity is not substantially decreased, 
but the enhanced Ca?* levels in RBCs determine an almost 
complete release of this activity from the membranes 
(11.9 = 2.9 units/mL in the untreated cells) into the cytosol 
(8.2 + 1.3 units/mL, following incubation of the Ca’*- 
loaded cells).’ No appreciable difference is observed between 
norma’ RBCs and G6PD-deficient RBCs concerning the 
extent of solubilization of acid endopeptidase activity (data 
not shown). 

Proteolytic events in RBCs from favic patients. RBCs 
withdrawn from favic patients are a mixed population of 
damaged cells, undamaged reticulocytes being released into 
circulation, and probably a small proportion of mature RBCs 
lacking significant alterations.” Therefore, preliminary 
removal of reticulocytes by density gradient centrifugation is 
required for adequate and homogeneous analyses of changes 
in the RBCs of favic subjects.’ 

Table 2 shows the levels and the subcellular distribution of 
procalpain (100% cytosolic) and acid endopeptidase activity 
in the dense RBC fraction from favic patients. Relevant 
controls (equally cleared of reticulocytes by density gradient 
centrifugation) were normal RBCs from healthy subjects, 
RBCs from a posthemorrhagic subject with high reticulocy- 
tosis, and RBCs from asymptomatic G6PD-deficient sub- 
jects. RBC procalpain activity (4.5 + 1.5 units/mL} in favie 
patients is consistently lower than in controls; the acid 
endopeptidase activity has a reversed subcellular distribu- 
tion, being much higher in the cytosol (6.0 + 1.7 units/mL) 


Table 1. Intracellular Levels of Procalpain and Acid Encopeptidase Activities in Normal and 
G6PD-deficient Red Celis Exposed to Autoxidizing Divicine 








Divicine (mmol/L) 








Enzyme a phd al 
RBC Activity — 0.5 1.0 
Normal Procaipain 20.3 + 3.6 16.3 + 3.2 10.1 42.1 
Gd Procalpain 22.1+ 3.2 6.1+48 o 
Normal Acid endopeptidase 
Membrane-bound 11.9 + 2.9 11.14 2.6 10.7 + 2.6 
Cytosolic 0.4+0.1 0.6 + 0.1 0.7 +02 
Gd Acid endopeptidase 
Membrane-bound 12.2)%-2.5 12.8 + 2.9 11.0 + 2.7 
Cytosolic 0.5 + 0.1 0.5 + 0.1 


28 + 0.2 








Mean + SD of values from four normai and three asymptomatic G6PD-deficient subjects. Ali values of procaipain and acid endopeptidase activities are 


expressed as units/mL of packed RBCs. 


RED BLOOD CELL PROTEOLYSIS IN FAVISM 


Table 2. Levels of Procaipain and Acid Endopeptidase Activities in the Dense RBC Fraction From Favic Patients 





Acid endopeptidase 








Retic RBC Caicium {units/mt ABC) = Procaipain 
Subjects {%} (umol/L} Membrane-bound Cytosolic (units/m RBC} 
Normal (G6PD B} 0.4 + 0.1 156 +4 6.6 + 1.2 0.6 + 0.2 16.6 + 2.5 
High reticulocytosis 
G6PD B 71 18 7.0 0.7 16.5 
Healthy Gd~ 0.1 + 0.05 16 +3 7.2 + 3.6 0.9 + 0.3 14.8 + 2.4 
Favic during 
hemolysis 
GS 3.2 230 1.2 6.7 6.2 
FS 7.3 215 0.9 7.9 3.4 
AP 12.5 390 1.5 5.5 3.4 
AC 10.1 120 2.0 3.9 5.3 





Reticulocyte percentages refer to the dense RBC fraction. Mean + SD of values from four normal subjects and four G6PD-deficient subjects: the other 
values refer to individual patients, ie, the high reticulocytosis G6PD B subject and the four favic patients. 


than in the membrane-associated form (1.4 + 0.05 units/ 
mL). The light RBC fraction from favic patients, containing 
undamaged reticulocytes and a small portion of oxidant- 
stressed cells, shows nearly normal procalpain activity, while 
the acid endopeptidase activity is almost exclusively confined 
within the membrane (data not shown). 

Figure | shows the SDS-PAGE patterns of membranes 





Fig 1. SDS-PAGE of ghosts (lanes A-D) and of the cytosolic 
fraction (lane E) from RBCs from a favic patient (FS) during 
hemolytic crisis. (A) Ghosts isolated from the light RBC fraction 
(containing 34% reticulocytes), following reduction with 40 mmol / 
L DTT: (B) the same ghosts following incubation for 20 minutes at 
25°C with 2 ug of purified procalpain and 100 pmol/L CaCl; (C) 
ghosts isolated from the dense RBC fraction; (D) the same ghosts 
following reduction with DTT; {E} the cytosolic fraction obtained 
from the dense RBC fraction. 


from the same dense RBC fraction (anes C and D} recov- 
ered by density gradient centrifugation of RBCs in a repre- 
sentative favic patient. Extensive formation of dithiothreitol 
(DTT)-reducible membrane protein aggregates indicates 
that these cells were subject to severe oxidant stress in vivo, 
while disproving any major involvement of Ca" -stimulated 
RBC transglutaminase activity.” Lane A shows the meme 
brane protein profile of the light RBC fraction containing 
undamaged reticulocytes and obtained from the same 
patient. Lane B represents the same membrane material run 
in lane A, following digestion with purified calpain that 
converts band 2.1 (ankyrin) to band 2.3 and degrades band 
4.1 specifically. Comparative inspection of lane D reveals the 
virtual absence of bands 2.1, 2.3, and 4.1, indicating tran- 
sient expression of calpain activity in the damaged RBCs as 
an intermediary step in the conversion of procalpain to 
inactive calpain fragments (Table 2). Analysis of RBC 
polypeptide aggregates occurring in favism is feasible by 
comparing lane C (without DTT) with lane D (with DTT) 
and by considering the contribution of cytosolic proteins 
(lane E). The results of such analysis indicate that spectrin, 
carbonic anhydrase, and hemoglobin (or hemoglobin deriva- 
tives) are major components of these disulfide-bridged mem- 
brane protein aggregates. The same conclusion is obtained by 
re-running the high molecular weight material observed on 
top of lane C (data not shown) on a separate gel under 
reducing conditions. 

Role of RBC procalpain against oxidant damage. When 
purified procalpain is allowed to react in the presence of 
mmol/L Ca?* upon membranes obtained from acetylphenyl- 
hydrazine (APH)-treated, ie, from Heinz body-containing 
normal RBCs, extensive degradation takes place. The pro- 
teolytic activity is approximately one half of that observed 
with the optimal substrate of calpain, ie. acid-denatured 
globin (Table 3); proteolysis is negligible on white ghosts 
taken as a control. Figure 2 shows that calpain converts band 
2.1 to band 2.3 and degrades band 4.1 selectively in the 
native membranes” (lanes A through C-also Fig 1). On the 
contrary, band 2.1. to band 2.3 conversion is obscured in the 
membranes from APH-treated RBCs in which band 3 and 
hemoglobin chains become preferred targets of proteolytic 
activity (lanes D through F). Therefore, under conditions of 
severe oxidative stress, calpain triggers the disruption of both 
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Table 3. Protein Degradation by Purified Calpain Acting on “In 








Substrate of Calpain Fluorescence Increase. Arbitrary Units 


Membrane, native RBC 12 





Membrane, APH-treated RBC 
(Heinz bodies) 220 
Acid-denatured globin 502 





Samples (0.25 mL} containing 250 ug of membrane protein (native 
membrane} or of acid-denatured globin were incubated for 20 minutes at 
25°C in 0.05 mol/L Na borate, pH 7.5, with purified RBC procalpain 
{2ug) and 1 mmol/L CaCl,. in APH-treated RBCs, the total membrane 
protein content was 520 ug, 270 ug of which corresponded to denatured 
hemoglobin. '? 


proteins responsible for the onset of aggregation of Heinz 
bodies on the RBC membrane.” 

A protective role of the procalpain-calpain system against 
oxidant damage seems to be confirmed by results obtained by 
incubating intact RBCs with 20 mmol/L APH. This repre- 
sents the optimal concentration eliciting generation of Heinz 
bodies.” In these conditions, progressive Heinz body forma- 
tion is paralleled by time-dependent decay of RBC procal- 
pain activity and by loss of glutathione (GSH) (Fig 3). 
Lower APH concentrations result in little formation of 
Heinz bodies while the extent of procalpain inactivation 
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Fig2. SDS-PAGE of ghosts isolated from normal RBCs follow- 
ing incubation with APH. All samples were reduced with 40 
mmol/L DTT before electrophoresis. (A) ghosts isolated from 
native RBCs incubated for 3 hours at 37°C in isoosmotic TES, pH 
7.4; (B) the same ghosts following incubation for 20 minutes at 
25°C with 3.5 ug of purified procalpain in the absence of Ca?‘ ; (C) 
the same ghosts following incubation with purified procalpain in 
the presence of 100 pmol/L CaCl; (D) ghosts isolated from RBCs 
exposed to 20 mmol/L APH in isoosmotic TES for 3 hours at 37°C: 
(E) ghosts isolated from APH-treated RBCs following incubation 
for 20 minutes at 25°C with 3.5 ug of purified procaipain in the 
absence of Ca*': (F) ghosts isolated from APH-treated RBCs 
following incubation with purified procaipain in the presence of 
100 umol/L CaCt,. 
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Fig 3. Loss of procalpain activity and Heinz body formation in 
normal {G6PD B) RBCs exposed to 20 mmol/L APH without 
glucose. The levels of intracellular GSH in the APH-treated RBC 
dropped from 8.42 umoles/g Hb te 0.71 umoles/g Hb within 90 
minutes and to 0.42 umoles/g Hb at 180 minutes incubation. In the 
control RBCs, ie, untreated, GSH was completely stable at 90 
minutes and dropped to 0.85 umoles/g Hb after 180 minutes 
incubation. Values refer to a representative experiment. 


becomes less remarkable and not sharply different from that 
occurring in the control RBC. 


DISCUSSION 


The procalpain-calpain system of mature RBCs has 
unique properties that make it highly susceptible toa number 
of inactivating agents in the intracellular environment. Thus, 
besides inactivation by autoxidizing divicine, which appar- 
ently involves oxidation of cysteine residue(s) at the active 
site of the enzyme,” mobilization of Ca*’ is known to cause 
transient conversion of procalpain to calpain and eventually 
an autoproteolytic mechanism of inactivation. Alternative 
mechanisms for the formation of calpain have been 
described, such as binding of procalpain to the RBC mem- 
brane and the availability of abnormal protein substrates 
that reduce the concentration of Ca?* required for the 
conversion of procalpain to calpain.”* In all cases, whatever 
the mechanism of formation, active calpain undergoes auto- 
proteolysis to yield inactive fragments. 

RBCs in G6PD-deficient patients during hemolysis from 
favism show abnormally low procalpain activity, predicted 
because of oxidant stress exerted by divicine autoxidation® 
and the late impairment of Ca’* homeostasis within 
RBCs. Another major alteration found in favism, which 


om 


RED BLOOD CELL PROTEOLYSIS IN FAVISM 


can be ascribed to enhanced intracellular Ca**,’ affects the 


acid endopeptidases in which subcellular distribution is 
almost completely reversed. If, as suggested,” a major role of 
the acid endopeptidases is the eventual membrane-directed 
breakdown of partially nicked cytosolic proteins, their 
release into the cytosol may be equivalent to functional 
switching off. Data reported in Table 2 rule out any obvious 
correlation in the individual favic patients between the 
intracellular Ca?* levels actually measured in RBCs and the 
extent of alterations affecting procalpain and the acid endo- 
peptidases. This lack of correlation is easily explained in the 
case of procalpain, which is a target of two inactivating 
agents, divicine autoxidation and perturbed Ca?” homeosta- 
sis. No immediate explanation, however, is apparent for the 
loose quantitative relationship between solubilization of acid 
endopeptidases (the mechanism of which is still undefined)’ 
and actual Ca’* concentrations in the affected RBC. Local 
changes in the concentrations of Ca’*.® such as those 
involving its compartmentalization in intracellular inside-out 
vesicles within sickle cell anemia RBCs,” could be responsi- 
ble for this poor correlation. 

Selective breakdown of band 3, and of glycophorin as well, 
has been observed following loading of RBCs with high Ca** 
concentrations, most probably as a result of transglutami- 
nase-activated polymerization process.* In favism, the 
intraerythrocytic Ca?* levels are generally below the thresh- 
old of 0.4 to 0.5 mmol/L known to trigger the endogenous 
transglutaminase activity.’ but certainly high enough, ie, 
above 100 umol/L,’ to promote quantitative release of acid 
endopeptidase from the membrane into the cytosol (Table 2). 
Moreover, the intracellular Ca** levels found in favic 
patients are widely sufficient to induce conversion of procal- 
pain to calpain and the eventual autoproteolytic inactivation 
of the active enzyme species. This activation-inactivation 
mechanism has been shown to occur in vitro at consistently 
lower Ca** concentrations than those found in favism,'? 
provided that digestible protein substrates are available.” 
Therefore, loss of procalpain activity may be viewed not 
merely as reflecting the late impairment of Ca?” homeosta- 
sis, but also as an early step in RBC damage, when nascent 
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protein aggregates are formed because of autoxidation of 
divicine and intracellular Ca?* levels are still low. Experi- 
ments with membranes from APH-treated RBCs (Fig 2) 
indicate that the nucleation process leading to Heinz body 
formation is to some extent counteracted by calpain or by 
some proteolytic process, eg, catalyzed by acid endopepti- 
dases, initiated by calpain activity. The oxidant stress inher- 
ent in divicine autoxidation appears to trigger nucleation of 
nascent protein aggregates on the membrane; at the same 
time and by various mechanisms the RBCs are deprived on 
the proteolytic system that prevents the irreversible transi- 
tion of these aggregates to Heinz bodies. This conclusion 
emerges from the inverse relationship between procalpain 
inactivation and Heinz body formation in the APH-treated 
RBCs (Fig 3). 

The present findings support the view that procalpain is a 
defense system, which is normally latent in RBCs, but which 
can be activated by a variety of mechanisms that protect 
against an oxidant challenge. The role of calpain in produc- 
ing limited degradation of excess globin chains to be eventu- 
ally broken down by acid endopeptidase activities in RBC 
membranes has been previously demonstrated, thus implying 
its active involvement in thalassemias.”” Such involvement is 
also suggested by the recent finding of high Ca?’ levels in 
B-thalassemic RBCs.” Although these high levels are now 
recognized to affect reticulocytes and circulating nucleated 
cells rather than dense RBCs from -thalassemie patients,” 
the presence of globin aggregates might reasonably decrease 
the amount of Ca** required to activate procalpain.”* The 
peculiar susceptibility of procalpain to divicine autoxidation 
in G6PD-deficient RBCs, coupled with the multiple mecha- 
nisms leading to its transient activation and late inactivation, 
suggests that exhaustion of this proteolytic system is a 
crucial step in the onset of RBC damage in favism, resulting 
in unrestrained Heinz body formation. 
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Spectrin Nice (677"/?"*): A Shortened 8-Chain Variant Associated With an 
Increase of the a'/* Fragment in a Case of Elliptocytosis 


By B. Pothier, L. Morle, N. Alloisio, M.T. Ducluzeau, C. Caldani, C. Feo, M. Garbarz, |. Chaveroche, 
D. Dhermy, M.C. Lecomte, P. Boivin, and J. Delaunay 


We describe a new spectrin variant with a truncated 
B-chain. It was discovered in a 17-year-old white boy 
presenting with intermittent jaundice and spleen enlarge- 
ment. He also displayed numerous smooth elliptecytes. On 
sodium dodecyl! sulfate—polyacrylamide gel, the truncated 
8-chain (8'-chain) appeared as an additional band of 
approximately 216 kilodaltons, migrating between spectrin 
8-chain and ankyrin. It represented 30% of total @-chain. 
The §’-chain reacted with an antispectrin 8-chain mono- 
clonal antibody. It failed to become phosphorylated when 
ghosts were incubated in the presence of [y-”P] adenosine 
triphosphate. Whole spectrin tetramerization was defec- 
tive since the amount of spectrin dimer was increased in 
spectrin crude extract and the association constant of the 


EREDITARY elliptocytosis (HE) refers to a variety of 
conditions defined on the basis of a common morpho- 
logical feature. Yet, these conditions are heterogeneous. The 
heterogeneity results from the genetic polymorphism of 
membrane skeletal proteins.' So far, most of the molecular 
alterations responsible for HE seem to be distributed in two 
distinct areas of the skeleton. Some HE are due to a partial or 
total lack of protein 4.1°* or to some qualitative alteration of 
this protein.’ Other HE are the consequence of changes of 
the head of spectrin. Several types of a-chain abnormalities 
have been described on the basis of altered peptide patterns 
and referred to as Spal’ ® Spel? and Spall? In 
contrast, modifications of spectrin 8-chain appear more 
sporadic, if not exceptional. Two shortened variants have 
been described in detail. t”? 

This work describes a spectrin variant with a short deletion 
and elliptocytosis. The abnormal! 8-chain lacks a fragment of 
4 kilodaltons (kDa) approximately. The abnormal spectrin 
displayed an increase of the a’ peptide following tryptic 
digestion. 


MATERIALS AND METHODS 


Case report. The propositus (F.B.) was 17 years old when he 
was first examined by us in 1984. He complained of asthenia and 
abdominal pains, the latter developing after meals or sports. For 
several years, he had been suffering from intermittent jaundice 
coinciding with the pains. Soon after birth he had presented with an 
acute hemolytic episode requiring a blood transfusion. Upon physi- 
cal examination, he appeared normally developed. The spleen was 
enlarged: 14 x 10 x 6 cm, as determined by echography. X-ray film 
findings from the chest and the skull were normal. The first routine 
laboratory analyses showed the absence of anemia (Hb, 152 g/L). an 
increased reticulocyte count (260 x 10°/L, 5.5%), and increased 
total bilirubin (70 umol/L). Blood smears revealed almost 100%: 
elliptocytosis, as will be detailed. A few days later, F.B. was 
admitted to the hospital for acute abdominal pains and diarrhea. 
Icterus was aggravated. Laboratory analyses showed a reduced 
hemoglobin level (135 g/L), a further increased reticulocyte count 
(390 x 10°/L, 9%) and increased total bilirubin content (149 
nmol/L). The haptoglobin concentration was low (0.10 g/L). There 
was significant urobilinuria but no hemoglobinuria. The Coombs’ 
test and the test of Ham and Dacie were negative. Osmotic 
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spectrin dimer self-association was decreased. Spectrin 
whole tetramer isolated from spectrin crude extracts con- 
tained small quantities of @’-chain. Spectrin tryptic pep- 
tides showed an increase of the 74,000-dalton fragment at 
the expense of the 80,000-dalton fragment. So far, the 
latter abnormality has been used to characterize a number 
of cases of hereditary elliptocytosis or pyropoikilocytosis 
with no other apparent change. In the present case, we 
consider that the abnormality is a consequence of the 
8-chain alteration. The parents seemed asymptomatic. As 
a result, we regard this new spectrin variant as deriving 
from a de novo mutation. 

® 1987 by Grune & Stratton, Inc. 


resistance was normal (initial hemolysis, 0.51% NaCl [normal, 
0.48%]: total hemolysis, 0.39% NaCl [normal], 0.36%]). However, 
the acidified glycerol test was abnormal (ODs, attained after 130 
seconds v 1,800 seconds in controls}. Red cell half-life was 9.5 days, 
as determined with “'Cr. There was significant splenic sequestration. 
The bone marrow displayed numerous erythroblasts. Hemoglobin, 
glucose-6-phosphate dehydrogenase, 6-phosphogluconate dehy- 
drogenase, and hexokinase levels were normal. Pentoxifylline (Tren- 
tal) alleviated the abdominal pains and has prevented the recurrence 
of acute manifestations since this episode. The parents and one 
brother were clinically and hematologically normal. On the basis of 
HLA and RBC group typing using the Bay method, paternity could 
not be excluded, with a probability of between .977 and 997." 
investigations carried out in the propositus and the parents were also 
performed in the propositus’ brother: they yielded normal results in 
the latter and will not be detailed here. 

Study of erythrocyte morphology, deformability, and thermal 
sensitivity. Blood samples were collected on a citric acid—citrate 
medium kept at ice-water temperature and treated within 24 hours. 
Red cell morphology and thermal sensitivity were determined as 
described previously.* Erythrocyte deformability was measured by 
using ektacytometry as a function of osmolality." 

Preparation of erythrocyte ghosts and crude spectrin 
extract. Red cell ghosts were prepared essentially according to 
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Dodge et al" except that phenylmethylsulfonylfluoride (PMSF) (0.3 
mmol/L.) was added to the lysis buffer. In a control experiment, the 
membranes were prepared with diisopropy! fluorophosphate (DFP) 
according to Marchesi et al.'* Crude spectrin extract was released 
from ghosts by incubation in a low—ionic strength buffer” containing 
0.3 mmol/L. phosphate (pH 8.00), 0.1 mmol/L PMSF, and 0.1 
mmol/L EDTA, 0.1 mmol/L 8-mercaptoethanol (8-ME). Incuba- 
tion was performed at 4°C overnight or 30 minutes at 37°C, 

Sodium dodecylsulfate-polyacrylamide gel electrophoresis. 
SDS-PAGE was performed according to the procedure of Laemmli™® 
or the procedure of Fairbanks et al. The procedure and the 
acrylamide concentration in each experiment will be indicated in a 
different section or in the figure legends. Gels were stained with 
Coomassie blue and scanned at 570 nm. 

Immunologic characterization of abnormal spectrin 
chain. Monoclonal antibodies directed against human red cell 
membrane spectrin were prepared by immunizing BALB/c mice 
with chromatographically purified spectrin.” Fusion of spleen cells 
with Sp2/OAg 14 myeloma cells, hybridoma selection, and cloning 
were done by using the single-step technique described by Davis et 
al.” Screening of hybridoma supernatants was done by using an 
enzyme-linked immunosorbent assay with purified spectrin as the 
solid-phase antigen.” The supernatants of nine different clones were 
found to be positive. Three of the nine clones were expanded in 
culture, and the antibodies were further characterized with an 
immunoblotting technique (described later). One clone (ADS) pro- 
duced an antibody directed against spectrin a-chain, and two clones 
(CAS and BD6) produced antibodies directed against spectrin 
8-chain. Immunoblotting was carried out essentially as previously 
described.°? 

Phosphorylation of membrane proteins. Phosphorylation was 
carried out according to a technique derived from that of Roses and 
Appel” with some modifications.” 

Whole spectrin dimer-dimer association. Crude spectrin 
extract (4°C) was analyzed to deduce the spectrin dimer (SpD)/ 
SpD + spectrin tetramer (SpF) ratio as described by Liu et al” with 
some modifications.” Crude spectrin extract (37°C) was submitted 
to tetramerization according to a technique derived from that of 
Ungewickell and Gratzer’ and adapted by Alloisio et al.” The latter 
mixture, which will be referred to as crude spectrin extract (37°C, 
tetramerized), was analyzed to deduce the equilibrium constant 
Ka.” A kinetic analysis of the dimer-tetramer conversion was also 
carried out at the following times: 0, 1, 2, 3, and 4 hours. 

Distribution of the B'-chain in SpT and SpD. To determine the 
ability of a@'-dimer to undergo polymerization, SpT and SpD from 
4°C and 37°C extracts (37°C. tetramerized) were first separated in 
nondenaturing gels, as described. Bands corresponding to the various 
spectrin species were visualized by staining the gels according to 
Cleveland et al. Then they were cut off and rerun using SDS- 
PAGE, 

Spectrin peptide maps, Crude spectrin extract (37°C) was 
dialyzed for one hour against 10 mmol/L phosphate buffer (pH 
8.00) and 40 mmol/L NaCl at 4°C and adjusted to | mg/mL. The 
preparation was then left at 4°C for another two hours. Samples 
were then digested for 20 hours at 4°C in the presence of trypsin at a 
concentration of 1% (wt/wt). The digestion was stopped with 2 
mmol/L PMSF. In an experiment dealing with spectrin Le Puy 
(8?°/7"*), a distinct shortened 8-variant described previously,’ the 
preincubation and digestion were carried out under slightly different 
conditions.*” We also carried out a kinetic analysis of the trypsin 
digestion of the present variant. One- and two-dimensional electro- 
phoresis was performed with the procedure used by Speicher et al.” 

Hemolysate/ghost cross-incubations. To relate the deletion on 
the S-chain to a protease activity, we carried out the following 
cross-incubations: mother’s hemolysate (or red cell cytosol) / father’s 
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ghosts and father’s hemolysate (or red ceil cytosol) /mother’s ghosts. 
Hemolysate was obtained by mixing 2 vol of water with | vol of 
washed red cells. The cytosol was obtained by centrifugation (20,000 
rpm, 20 minutes). Ghosts were prepared as previously indicated. 
Cross-incubations were carried out at 37°C for three hours in 5 
mmol/L phosphate buffer (pH 7.4), 150 mmol/L KCI (hemoglo- 
bin/ghost ratio, 200/1 {wt/wt]). After three washings with 5 
mmol/L phosphate buffer (pH 8.00), the ghost proteins were 
analyzed with SDS-PAGE according to Fairbanks et al” with a 
3.5% to 17% exponential acrylamide gradient. 


RESULTS 


Most of the experiments concerning the propositus have 
been repeated on at least two blood samples. Except for 
Table 3, the results of one experiment are presented. Unless 
otherwise stated, means are given as M + 2c. 

Morphology, deformability, and thermal sensitivity of 
the red cells. Examination of erythrocytes on dried blood 
smears or after fixation with glutaraldehyde gave consistent 
results. In the propositus, elliptocytosis (95% of the cells) was 
prominent and associated with a marked anisocytosis (not 
shown). The elliptocytes were long and smooth and had no 
tendency to bud or fragment. Red cells from both parents 
had a normal morphology. Upon osmotic gradient ektacy- 
tometry, the curve was abnormal in the propositus. The index 
was significantly decreased in isotonicity (— 5.7 SD from the 
mean value of normal adults). The maximum index was 
displaced toward hypotonicity (Fig 1). The curves were 
normal in the parents. Erythrocyte thermal sensitivity was 
slightly abnormal in the propositus. No fragmentation 
occurred at 45°C: however, at 47°C. 5% of the red cells were 
budding after 40 minutes. This result was consistent with the 
abnormal decrease in El observed after heating at 47°C for 
20 and 40 minutes (not shown). In the parents, all values 
were normal, and no fragmentation was observed at 47°C. 

Analysis of total membrane proteins. SDS-PAGE of 
the red cell membrane proteins allowed us to isolate an 
additional band in the propositus (Fig 2). It stood between 
spectrin -chain and ankyrin, with a molecular weight of 
approximately 216 kDa. It accounted for approximately 30% 
of the total 8-chain and appeared clearly at the expense of 
normal 8-chain (Table 1). No other change was detectable in 
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Fig1. Osmotic gradient ektacytometry. Ektacytometric index 
(El) was measured during a progressive increase of the suspending 
medium osmolality. C, control. 
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Electrophoretic pattern of total membrane pro- 


Fig 2. 
teins. (A) SDS-PAGE according to Fairbanks et al'® by using a 
3.5% to 17% exponential gradient of acrylamide. Arrow, additional 
B’ band. (B) Densitometric profile of the spectrin region. In 1.1, 
the apparent increase of band 2.1 is the consequence of the 
overlapping of band 8’. Inset, comparative migration of (a) spectrin 
Le Puy (87°?"*)"' and (B) the present abnormal spectrin. 


the propositus. The variant appeared without exception and 
with fixed proportions in the four blood samples examined. 
In addition, it was present when proteins were prepared with 
strong protease inhibitor or when whole red cells were 
directly treated with SDS buffer prior to electrophoresis. In 
the parents, the membrane protein profile was normal. 

Immunoblots. For immunologic identification of the 
additional band, it was mandatory to separate the band from 
the 8-chain (Fig 3). Immunoblot of the propositus membrane 
proteins was performed with two monoclonal antispectrin 
B-chain antibodies. The shortened §-chain was stained with 
the monoclonal antibody BD6. This showed that the variant 
chain derives from the 8-chain. However, it was not recog- 
nized by the monoclonal antibody CAS. This discrepancy in 
the behavior of the two antibodies could mean that antibody 
CAS is directed against the fragment of spectrin 8-chain that 
is deleted in the shortened variant. 

Phosphorylation of red cell membrane proteins. Again, 
it was necessary to separate the 8- and §’-chains as much as 
possible (Fig 4). Under these conditions, no labeling 
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Fig 3. Immunologic studies. SDS-PAGE was carried out 
according to Laemmli by using a 3.5% to 17% acrylamide 
gradient. Transfer was performed on nitrocellulose sheets. (A) 
Ponceau red staining. (B) Immunoblot. c, control; P, patient: ~~, 
B’-chain. 


appeared in the place of the §-chain. To confirm this 
observation, the region of the gel corresponding to the 
8’-chain was cut out in the propositus and in a control and 
submitted alone to autoradiography. The labeling of the 
8’-piece was not higher than the background (not shown). 
This experiment showed that the deletion removes (or at 
least blocks access to) the phosphorylation sites that are near 
the COOH terminus of the 8-chain.”! 

SpD self-association. Whole spectrin tetramerization 
was defective in the propositus. An estimation of the native 
spectrin species in crude spectrin extract (4°C) showed an 
increase in the SpD/(SpD + SpT) ratio (Table 2). Spectrin 
self-association studied in crude spectrin extract (37°C) was 
found defective as shown by the decrease of the association 
constant (Ka). Although in the father the SpD/(SpD + 
SpT) ratio in crude spectrin extract (4°C) was slightly 
increased and Ka was found just below normal values, these 
borderline differences failed to be confirmed by kinetic 
analysis of the dimer-tetramer conversion (not shown). All 
values were normal in the mother. 

The nondenaturing gels used for these experiments pro- 
vided additional data concerning the presence of 3’-chain in 
whole dimer, tetramer, and oligomer. In the propositus’ 
crude spectrin extract (37°C) there was a faint satellite band 
near the tetramer (not shown). This band was best seen 
before tetramerization, the tetramer band being narrow. 
After tetramerization, some oligomer appeared: it was also 
duplicated in the propositus. We assume that the new bands 
correspond to a subpopulation of tetramer and oligomer that 
contains the abnormal 8'-chain. No additional 8’ species 
appeared near the normal dimer, presumably because the 


Table 1. Quantitative Study of Spectrin Subunits From Densitometric Profiles of Fairbanks’ Gels 


Controls 
a/3 x 100 49.3 + 4.8(n = 8) 
8/3 x 100 43.8 + 4.4(n = 8) 
B'/3 x 100 — 
B + B'/3 x 100 — 


B'/B + B' x 100 = 


Spectrin bands were determined with respect to band 3. 











Propositus Father Mother 
46.2 51.4 50.8 
30.2 44.6 45.5 
14.5 = 
44.7 — — 
32.4 — =- 
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Fig 4. Phosphorylation of membrane proteins without cyclic 
adenosine monophosphate. SDS-PAGE was carried out according 
to Laemmli”? by using a 3.5% to 17% acrylamide gradient. (A) 
Stained gel; the ĝ'-chain has been clearly separated (+). (B) 
Autoradiogram:; the §’-chain is not labeled. 


difference in charge and/or molecular weight was present 
one time only and therefore could not be resolved. No 
satellite band was visible in the parents. This experiment 
showed that the §’-dimer is not completely unable to self- 
associate. 

Presence of B'-chain in SpD and SpT. The distribution 
of 8- and 8'-chains was studied in SpD and SpT. After an 
initial electrophoresis on nondenaturing gels, the bands cor- 
responding to SpD and SpT were cut out and rerun using 
SDS-PAGE (Fig 5). Although most of the 3’-chain was 
present in SpD, there was invariably a small amount of the 
8'-chain in SpT, whatever the type of extract: 13%, 19%, and 
14% in crude spectrin extract at 4°C, 37°C, and 37°C 
(retetramerized), respectively. This finding is to be related to 
the SpT satellite band seen on nondenaturing gels. The 8' 
proportion varied depending on the type of extract; however, 
the approximate amount of 8'-chain appearing in the SpD 
and SpT remained quite constant. 

Spectrin peptide maps. Samples were matched with 
controls run simultaneously. On one-dimensional gels, the 
propositus repeatedly displayed a reduction of the al 80,000- 
dalton fragment at the benefit of a 74,000-dalton fragment 
(Fig 6, Table 3). Densitometric analysis showed that the 
74,000-dalton fragment derived from the 80,000-dalton 
fragment since the sum of both peaks remained constant. 
Therefore, it is unlikely that the increase would result from 


Table 2. Whole Spectrin Dimer-Dimer Association 








SpD 
———— x 100 Ka x 10°L mol ' 
SpD + SpT 
Propositus 39.2 + 3.58° 1.6 + 0.28t 
Father 11.6 + 1.74¢ 3.4 + 0.32ł 
Mother 7.7 + 1.56° 4.2+0.24+ 
Controls 6.6 + 3.57 (n = 9) 4.6 + 1.10 {n = 23) 





The spectrin dimer proportion, SpD/(SpD + SpT), was determined in 
the spectrin crude extract (4°C). The association constant (Ka) was 
determined from the spectrin crude extract (37°C), 

*Five determinations on the same sample. 

+ Four determinations on the same sample. 
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Fig 5. Distribution of 8- and 8'-chains in SpD and SpT. Crude 
spectrin extract (37°C, retetramerized) was run on nondenaturing 
gels. SpD (dimers) and SpT (tetramers) were then cut out and 
rerun with SDS-PAGE according to Laemmli™ with a 3.5% to 17% 
acrylamide gradient. In Il.1, most of the @’-chain appeared in SpD; 
however, there was some ĝ'-chain in SpT also (+). There was a 
faint band below the @-chain in SpD from 1.1 ( ); its nature 
remained unknown. 


B'Y* peptide. In addition, two- 


contamination with the 

dimensional electrophoresis showed that the a!’ spot was 
more pronounced (at the expense of the a'/° spot) and that 
the 3'Y/” peptide appeared normal (not shown). 

Concerning the increase of the a'/* peptide, additional 
experiments were carried out. (1) A kinetic analysis of 
trypsin digestion was performed (Fig 7). In the controls as in 
the propositus, the 74,000-dalton peptide appeared clearly 
after 20 minutes of digestion. The 74,000/(80,000 + 
74,000) ratio increased gradually. Whatever the time, it was 
constantly higher in the propositus than in the controls. (2) 
We investigated the status of the a'/” peptide in spectrin Le 
Puy (3””*"*), a previously described spectrin variant carry- 
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Fig6. One-dimensional maps of spectrin tryptic peptides. (A) 
SDS-PAGE was carried out according to Laemmli with a 10% to 
15% acrylamide gradient. (B) Densitometric profile to the region 
of 80,000- to 74,000-dalton peptides. The 80,000-dalton fragment 
corresponds to the al domain. The 17.000- and 11,000-dalton 
fragments corresponds to the ĝi domain.” In II.1, the increase of 
the 74,000-dalton fragment occured at the expense of the 80,000- 
dalton fragment (Table 3), and the 17,000- and 11,000-dalton 
fragments were normal. 
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74 80 
x 100 mene X TOO 
74 + 80 {74 + 80) 
Determination Propositus Controls Propositus i 
| 44.5 28.7 + 0.85 {n = 3} 10.1 11.14 1.0ln= 3} 
H 43.4 30.7 + 1.13 {n = 3) 14.5 14.2 + 2.01 {n = 3} 
HI 45.2 28.1 + 3.4 {n = 3) 11.5 


12.2 + 0.60 (n = 3) 





In the propositus, three different digestions were carried out (two in one sample, one in another sample). 


ing a larger deletion on the 6-chain."' In this experiment, the 
preincubation and the trypsin digestion were performed 
under slightly different conditions,” and the amount of the 
a!" peptide in the controls was lower (8% to 10%). Nonethe- 
less, the percentage of the 74,000-dalton fragment in spectrin 
Le Puy appeared, again, increased (33%). It may be noted 
that the increase was not as pronounced as in a case of 
“conventional” Spa’’”* HE encountered in a black patient 
and run in parallel to spectrin Le Puy; we found 41%. 

There was no other alteration of spectrin peptide maps, 
especially using two-dimensional analysis (not shown). In 
particular, the 8I domain appeared normal, in the form of 
spots at 17,000 and 11,000 daltons (not shown). We are 
aware that the portion of the 61 domain carrying the 
phosphorylation sites and therefore the deletion cannot be 
visualized by this technique.” The one- and two-dimensional 
patterns were normal in the parents. 

Cross-incubations. Incubation of mother’s hemolysate 
(or red cell cytosol) with father’s ghosts failed to elicit the 
B’-chain (not shown). The reverse experiment (father’s 
hemolysate (or cytosol) v mother’s ghosts) was negative. 
There was no nonspecific proteolysis during the incubations. 


DISCUSSION 


This study deals with a third truncated variant of spectrin 
B-chain, following previous reports by Dhermy et al’! and 
Ohanian et al.'? The present variant is different from spec- 
trin Le Puy (87°°7'4).""" The latter has a lower molecular 
weight (214 kDa), as is shown in Fig 2 (inset), generates 
budding elliptocytes (even prior to splenectomy), and was 
dominantly transmitted. It seems different from the variant 








th h 3h áh 5h n Oion 44h Time 

Fig 7. Kinetic analysis of trypsin digestion of spectrin. Spec- 
trin was digested for increasing periods of time to follow the 
development of the 74.000-daiton fragment. O, propositus; @, 
controls {n = 3). 


described by Ohanian et al.’ The latter has a lower molecu- 
lar weight (214 kDa). It does not tetramerize and is 
associated with no increase of the 74,000-dalton fragment. 
On the contrary, the three variants display a tetramerization 
defect. In the present case, the dimer displays some ability to 
tetramerize, at least in vivo. The three mentioned variants 
also fail to undergo enzymatic phosphorylation, which indi- 
cates that the deletion involves the COOH terminal region.” 
If lack of phosphorylation reflects the absence of the phos- 
phorylation sites (and not merely a modified access), the 
present deletion concentrates these sites onto a smaller 
segment of the 8-chain than observed with previous vari- 
ants. 

In the present family, the parents are apparently free of 
the spectrin abnormality. Although the father displayed 
borderline variations of the tetramerization parameters, this 
was not confirmed by tetramerization kinetic analysis, The 
variant would appear, therefore, as the result of a de nove 
mutation. The variant described by Ohanian et al’’ also 
appears as the result of a de novo mutation (although correct 
attribution of parentage was not definitely established). 

The possibility exists that the molecular lesion is an amino 
acid substitution that creates a new proteolytic site. As a 
result, the question was raised as to whether the deletion 
exists in vivo. Using ghosts prepared in the presence of 
PMSF and DFP,"° we observed that the variant is present in 
the same proportions. In addition, the variant is also present 
in whole red cells directly treated with SDS buffer prior to 
electrophoresis. These data indicate that the deletion is not 
an experimental artifact and that ectopic proteolysis (consid- 
ering the hypothesis of an additional proteolytic site) must 
occur in situ. However, a reticulocyte control was not 
performed on the patient to see whether the proportion of 
shortened 8-chain was lower, a fact that would have sup- 
ported the view of a proteolytic event still operating in the 
young red cell. The negative results obtained with cross- 
incubations did not support the idea that the mutation was 
silent in one parent and was revealed in the propositus by 
some specific protease activity transmitted by the other 
parent. 

The most critical point of this work is probably the 
increase of the 74,000-dalton fragment associated with the 
B-chain deletion. Although the relative amount of the 
80,000- and 74,000-dalton fragments may slightly vary from 
one experiment to another, depending on a conformational! 
equilibrium (Dhermy et al, unpublished data), an increase of 
the 74,000-dalton fragment was found, without exception, in 
the propositus v the corresponding controls and at each time 
during the digestion kinetic analysis. In the common Spa” 
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abnormality, the increase of the 74,000-dalton fragment is 
transmitted from one generation to another, even though this 
abnormality is not always associated with HE or hereditary 
pyropoikilocytosis (HPP)! (also unpublished data). In the 
present case, the parents display a normal 74,000-dalton 
fragment. We therefore assume that the increase of this 
fragment in the propositus is dependent on the 8-chain 
deletion. This assumption is strongly substantiated by the 
observation of similarly increased a'/™ material in spectrin 
Le Puy (8?°/?'4), another spectrin variant with a deletion on 
the 8-chain.'' One extreme possibility would be that other 
reported cases of increased 74,000-dalton fragments would 
be the consequence of (yet unidentified) B-chain alterations. 
It is known that isolated a-chain from normal subjects yields 
high amounts of the 74,000-dalton peptide and that the 
isolated abnormal a!’ chain from previously reported HE 


POTHIER ET AL 


and HPP cases behaves as the control.*” The a8-dimer is 
abnormal, but the isolated a-chain seems normal. A normal 
8-chain may be necessary for the a-chain to assume a correct 
conformation. 

This new variant of spectrin 8-chain is a truncated variant. 
The deletion (—4 kDa) involves the region that carries the 
phosphorylation sites. It yields elliptocytosis and alters spec- 
trin dimer self-association. The missing fragment would 
result in a conformational change of the a-chain. While 
awaiting the identification of the fine structural alteration, 
we suggest that the present variant be termed spectrin Nice 
(720/216) 
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Transfusion-Associated AIDS: Donor—Recipient Human Immunodeficiency Virus 
Exhibits Genetic Heterogeneity 


By A. Srinivasan, D. York, P. Ranganathan, R. Ferguson, D. Butler, Jr, P. Feorino, V. Kalyanaraman, 
H. Jaffe, J. Curran, and R. Anand 


The genetic diversity of the human immunodeficiency virus 
(HIV) isolated from transfusion-associated AIDS patients 
has been examined. Restriction enzyme mapping studies of 
integrated proviral DNA of donor and recipient origin 
demonstrated genomic variation between isolates. Analy- 
sis of the molecularly cloned viral genomes of one donor- 
recipient pair showed that virus from the recipient had 
restriction enzyme site differences from the donor, notice- 


CQUIRED immunodeficiency syndrome (AIDS) and 
related immunologic disorders have been etiologically 
linked to human immunodeficiency virus (HIV), which is 
also known as human T-lymphotropic virus type HI (HTLV- 
I11),' lymphadenopathy-associated virus (LAV),? or AIDS- 
associated retrovirus (ARV). HIV is cytopathic and has 
tropism for the T4 helper lymphocyte subset.'* Molecular 
cloning of different HIV isolates led to the charaterization of 
the genome by restriction enzyme mapping.’ and compari- 
son of the primary nucleotide sequences further revealed a 
variation of 1.8% between HTLV-II] and LAV and up to 
9.3% between LAV and ARV-2.5!' Restriction enzyme 
polymorphism studies carried out with a number of HIV 
isolates from persons not epidemiologically linked to each 
other showed an altered restriction pattern from one isolate 
to another. %4 
The genetic variation observed with HIV isolates from the 
natural population could result from high mutability of the 
genome. To examine the extent of genetic changes, we have 
focused our attention on HIV isolated from transfusion- 
associated AIDS patients between 18 and 31 months after 
they had received blood and the blood donors who were the 
source of their infection. Here we report that virus isolated 
from blood recipients had restriction enzyme patterns that 
were different from the patterns of virus from their blood 
donors. 


MATERIALS AND METHODS 


Cells and viruses. HIV were isolated from samples obtained 
from transfusion-associated AIDS patients and their blood donors as 
described.'*!* Briefly, peripheral blood collected was subjected to a 
Ficoll-Hypaque gradient for collection of mononuclear cells. The 
cells were grown in RPMI 1640 (GIBCO, Grand Island, NY) 
containing 10% fetal calf serum and 10 pg/mL phytohemagglutinin 
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ably clustered in the env and orf-2 regions, and also had a 
greater number of restriction sites in common with the 
donor as well. These results suggest that HIV may undergo 
genomic variation in vivo. Comparison of donor-recipient 
viruses may further the understanding of the molecular 
basis for AIDS pathogenesis. 

This is a US government work. There are no restrictions 
on its use. 


(PHA, GIBCO) for three days and were further propagated in 
RPMI medium containing T cell growth factor and 1:5,000-diluted 
goat antibody to human interferon (Miles Scientific, Naperville, 
IL), Periodically the culture was tested for virus production by 
cocultivation with 3-day-old PHA-stimulated normal adult T cells. 
Cell-free supernatants from the cocultivated cultures were analyzed 
for retrovirus by reverse transcriptase assay,’ and virus stack was 
frozen after two passages in PHA-stimulated peripheral blood 
lymphocytes (PBLs). 

Restriction enzyme analysis. High-molecular weight DNA was 
extracted from 7-day-old virus-infected adult T cells. | DNA (10 ug) 
was digested with different restriction enzymes and subjected to 
electrophoresis on a 0.8% agarose gel. The DNA fragments were 
transferred to nitrocellulose paper and hybridized to a nick- 
translated HIV full-length genomic probe.” The hybridization was 
performed at 42°C for 18 hours in a buffer containing 50% formam- 
ide, 5x SSC, (1 x SSC = 0.15 mol/L NaCl and 0.015 mol/L 
Na,-citrate, pH 7), 5x Denhardt's solution (1 mg/mL bovine serum 
albumin, polyvinylpyrrolidone, and Ficoll), 20 mmol/L NaPo, (pH 
6.5), 100 pg/mL salmon sperm DNA, and 10% sodium dextran 
sulfate as described.'* The filters were washed at 65°C with 0.1 x 
SSC, 0.1% sodium dodecyl sulfate, and exposed to Kodak XAR-5 
film for one to two days. 

Construction and screening of recombinant phage library. Hirt 
DNA,” extracted from adult T cells 72 hours after virus infection, 
was digested with Saci and fractionated on 10% to 40% sucrose 
density gradients.'* Fractions containing human immunodeficiency 
virus sequences were pooled and ligated to Sacl arms of Agt 
WES.AB. The DNA was packaged by using the extract and protocol 
from Promega Biotech (Madison, WI). Plaques containing recombi- 
nant phage were located by the plaque filter hybridization.” 

Restriction endonuclease mapping. Recombinant phage DNA 
was prepared as described.'* DNA insert containing viral sequences 
were separated from Agt WES.AB arms by Sacl digestion and 
preparative agarose gel electrophoresis. Restriction endonuclease 
mapping was carried out with the partial digestion method of Smith 
and Birnstiel.”! 


RESULTS 


Transfusion-associated AIDS patients and their blood 
donors. Previous studies in our laboratory revealed the 
presence of HIV in the blood of patients with transfusion- 
associated AIDS and their blood donors. All donor-recipient 
pairs had antibodies to HIV as determined by enzyme-linked 
immunosorbent assay and Western blot analysis.'*'* Viruses 
isolated from four donor-recipient pairs were propagated in 
PHA-stimulated normal PBLs. The clinical conditions of the 
donor-recipient individuals is given in Table 1. In all cases, 
only one HIV-infected donor was found to be the source of 
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Table 1. Findings in Investigations of Patients With Transfusion-Associated AIDS and Their Blood Donors 


ID No. of 
Donor-Recipient 
Pair From No. Donors With 
Whom Total No. AIDS Risk 
HTLV-Ill/LAV of Factor* / 
Was Isolated Donors No. Interviewed 
1 3 1/3 
2 St 1/4 
3 34 1/30 
4 6 1/5 





Interval From 





Transtusion 
to AIDS 
No. Donors With Onset in Donor Health 
HIV Antibody/ Recipient at Time of 
No. Tested {mo} Viral Isolation 
1/3 18 Healthy 
1/4 31 Healthy 
1/26 18 Healthyt 
1/3 18 Healthy 





Virus from the recipient was isolated at the time of AIDS onset. 
*All donors with AIDS risk factor were homosexual men. 

+Five donors were collected in Europe. 

Subsequently developed AIDS. 


the recipient’s infection with virus. Interestingly, all the 
blood recipients had AIDS at the time of virus isolation, 
whereas all donors were asymptomatic during the time 
between blood donation and virus isolation. 


Southern hybridization analysis of donor-recipient HIV 


proviral DNAs. High—molecular weight DNA isolated" 
from virus-infected cells was digested with restriction 
enzymes and analyzed by Southern hybridization to a molec- 
ularly cloned full-length HIV-Zr6 DNA. HIV-Zr6, isolated 
from an African AIDS patient, was cloned by using Hirt 
DNA extracted from the virus-infected cells. Sacl enzyme- 
digested DNA was used for cloning because this enzyme has 
cleavage sites only in the LTR sequences of viral DNA.” 
From our analyses involving a number of isolates from North 
America and Zaire (Anand et al, unpublished data) the 9-kb 
full-length probe hybridizes intensely to all isolates despite 
the restriction enzyme site differences. No detectable hybrid- 
ization was found in uninfected cultures of the same PBL. 
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Figure | shows the hybridization patterns observed with 
donor-recipient pair | proviral DNA cleaved with 14 dif- 
ferent restriction enzymes. Donor DNA, cleaved with Sacl 
restriction enzyme, showed a faint hybridization at the 9-kb 
range in addition to ones at 5.5 kb and 3.5 kb. Further 
experiments by taking lesser amounts of high-molecular 
weight DNA in the restriction digests indicated that the 9-kb 
band was due to partial digestion and not to the presence of a 
second virus in the cells (data not shown). Also, restriction 
enzyme patterns show that only one predominant form of the 
virus was detected in a single donor or recipient. 

Four donor-recipient pairs of viruses analyzed in our 
experiments exhibited varying degrees of restriction enzyme 
site polymorphism (Table 2). Sacl enzyme, which cleaves the 
viral DNA in long terminal repeat sequences of HIV,” 
generated different restriction fragments in three donor- 
recipient pairs: 1, 3, and 4. A characteristic feature of 
HIV-infected lymphocytes is the presence of considerable 
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Southern blot analysis of HIV proviral DNA from donor-recipient pair 1. PBLs, separated by Ficoll-Hypaque technique and 


stimulated with PHA (10 ug/mL), were infected with HIV isolated from the respective donor-recipient pair as described." Six days after 
infection, high—molecular weight DNA was extracted and digested with different restriction enzymes. Hybridization was carried out under 
standard conditions."* D, blood donor: R blood recipient: 1, Sacil; 2, Kpni; 3, HindIII; 4, Hincil; 5, EcoRI; 6, Bg/ Il; 7, BamHI; 8, PstI; 9, Pvu ll; 10, 
Scal; 11, Hpall; 12, Hphi; 13, Hhal; 14, EcoRV. Full-length HIV-Zr6” fragment cloned in pUC18 plasmid was purified twice on low-melting 


agarose gel and used for nick-translation. 
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Restriction Enzyme 














Virus g eae as 

Isolate Saci Kpr Hindit Hincti EcoR! Bgiti BamHI Psti Pvuli Seal 
Donor-recipient pair 1 + + ~ + + = a + b 
Donor-recipient pair 2 ~ ~ 4 a = ip 
Donor-recipient pair 3 + ~ -~ a A oe z = 4 
Donor-recipient pair 4 + + + + m + = oe "i 





restriction fragment length. 


unintegrated linear and circular DNA in addition to the 
integrated proviral DNA.*"? To avoid the restriction site 
differences due to the different forms of DNA and to 
compare the internal restriction fragments, we have also 
tested with enzymes Bgl/ll, Hindit, Kpnl, Pvull and Seal, 
which cleave the genome at multiple sites. Table 2 lists the 
differences in the four pairs of viruses with regard to ten 
different restriction enzymes. Donor-recipient pairs | and 4 
showed six restriction site differences, and donor-recipient 
pair 2 showed only two restriction site differences. Restric- 
tion analyses failed to reveal a specific genotypic pattern that 
distinguished isolates obtained from the AIDS patients and 
isolates obtained from the asymptomatically infected blood 
donors. 

Molecular cloning of donor-recipient human immunode- 
ficiency viral DNA. To determine more precisely the 
extent of genomic variation between donor-recipient viruses, 
we have molecularly cloned the viral genomes of donor- 
recipient pair | (Table 1). PHA-stimulated lymphocytes 
were infected at a high multiplicity with viruses derived from 
the donor-recipient pair. Unintegrated viral DNA extracted 
72 hours after infection? was used as a substrate for 
constructing the recombinant DNA library, and positive 
clones were identified with the HIV-Zr6 probe. Representa- 
tive clones containing donor and recipient viral genome were 
selected for detailed analysis. The physical maps of the 
cloned genomes are shown in Fig 2. Donor viral DNA had 17 





Abbreviations: +, change in the restriction fragment length generated by the indicated enzyme between donor-recipient viral DNA; —, no change in 


unique restriction sites, and the recipient virus showed seven 
new restriction sites. Restriction enzymes Neol and Sall, 
which cleave viral DNA only once, exhibited no alteration. 
On the other hand, changes were evident with restriction 
enzymes such as HindIII, Pyull, Bgl, and Scal, which 
cleave at multiple sites in the viral DNA. The restriction 
enzyme site differences between the donor and recipient 
viruses are noticeably clustered in the env and downstream 
orf-2 gene. Comparison of the physical maps of the denor- 
recipient viral DNA with that of HTLV-IIl and ARV 
indicated the presence of common restriction enzyme sites. 
In addition, donor-recipient viruses exhibited a number of 
differences from HTLV-IIf and ARV, especially with 
respect to the enzymes that cleave viral DNA less frequently. 
A primary nucleotide sequence comparison of donor-recip- 
ient viruses would be required to define these changes more 
precisely. 


DISCUSSION 


HIV has been shown to exhibit considerable genetic 
heterogeneity as determined by restriction enzyme cleavage 
patterns. Comparison of 18 different viral isolates by Wong- 
Staal et al'* revealed that variation between isolates ranged 
from very minimal (one of 23 restriction enzyme sites) to 
considerable (16 of 31 enzyme sites different}. Benn et al” 
have noted variation in ten isolates derived from different 
geographic locations. These differences in restriction enzyme 
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Restriction endonuclease maps of HIV from donor-recipient pair 1. The location of genes are indicated below the physica! map. 


D. blood donor; R, blood recipient. @ indicates unique restriction sites present in the viral genome. 
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patterns could result from many kinds of genotypic differ- 
ences” including: (a) one or more individual bases could 
differ, resulting in loss of the cleavage site or formation of a 
new one, and (4) insertion or deletion of blocks of sequences 
could also alter its size. Donor-recipient viruses not only 
share a number of common restriction enzyme sites but they 
also possess sites unique to each isolate. Our analysis of 
donor-integrated viral DNA suggests that there was only one 
kind of virus present in the donor’s blood, which may be the 
predominant form at the time of collection. By using 
different HLA-unrelated donor lymphocytes, viruses with 
similar restriction pattern were repeatedly recovered, indi- 
cating a lack of genetically distinct viruses at the detectable 
level. However, we cannot rule out the possibility that blood 
donors harbor multiple viruses and that one may be able to 
grow better upon transmission into the recipient’s body. In 
vitro lymphocyte cultures used for propagating the virus may 
have selected one form over the other. This possibility is less 
likely because PBLs seem to have less selection bias for virus 
growth in comparison with the established human T cells in 
culture. 

Whether the changes in the genomic sequences result in 
the changes of the translational products encoded by the 
virus is a very important question. Neel et al” suggested that 
electrophoresis should detect about one third of all nucleotide 
substitutions in the coding sequences because of altered 
molecular charge of polypeptides due to amino acid substitu- 
tions. There are changes in the gag and env gene proteins 
encoded by donor-recipient viral genomes (data not shown) 
similar to the data reported for nine independent HIV 
isolates.”* The differences in the apparent molecular weight 
of proteins may be due to substitutions in amino acid 
sequence and deletions as well. The changes in env gene 
protein may have significant implications because of its role 
in recognition of receptor and tropism." 

Molecular cloning of AIDS viruses from donor-recipient 
individuals enabled us to analyze the similarities and differ- 
ences in detail. The differences between donor-recipient 
viruses are most prevalent in the env and orf-2 gene. It should 
be mentioned that a span of 18 to 31 months separate 
donor-recipient viruses. Noticeably, the extent of changes in 
the recipient virus does not correlate with the time elapsed 
from transfusion in the recipient because donor-recipient 
pair 2 showed minimal changes. Since the spontaneous 
mutation rate is much lower in humans, a special hypermuta- 
tion mechanism may have to be invoked for the differences 
seen with donor-recipient viruses. Sequence analyses of 
different HIV isolates indicate that point mutation, presum- 
ably due to misincorporation of bases and rearrangements 
(reduplication, inversions, deletions, etc) contribute to the 


observed genetic variation between isolates.” Also, nucleo- 
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tide variation is not consistent over the whole genome. The 
genes encoding the internal virion proteins gag and pol are 
considerably more conserved than env. Such a picture also 
emerges from the restriction enzyme data of the donor- 
recipient isolates and other independent isolates.’ The 
underlying mechanism of such variation is not known. The 
error-prone nature of virus-encoded reverse transcriptase 
enzyme may partly be responsible for such variation.” 
Studies concerning the retrovirus point mutation rate with 
Rous sarcoma virus indicate a frequency on the order of 3 x 
10°* bases per passage of virus.” Hahn et al? reported a 
higher mutation rate for HIV. Studies on viruses recovered 
from molecularly cloned HIV proviral DNA using an animal 
model system would be useful to quantitate the mutation rate 
in HIV. 

Wong-Staal and coworkers’? reported that AIDS virus 
does not accumulate genetic changes in cell culture. The 
changes observed with different AIDS viruses, including the 
donor-recipient pair, may reflect the selective pressure of the 
immunologic mechanisms existing in different hosts. The 
changes in HIV may be similar to changes observed with 
visna virus*! and equine infectious anemia virus (EIAV),” 
members of the lentivirus family. Both visna virus and EITAV 
undergo changes in their envelope glycoproteins during 
progression of infection. It has been suggested that such 
changes allow these viruses to evade host immune surveil- 
lance mechanisms. Whether the emergence of antigenic 
variants plays any role in the pathogenesis’’*’ of these 
diseases or in the pathogenesis of AIDS and related human 
diseases remains to be proved. In all four of the donor- 
recipient pairs studied, the recipients developed AIDS before 
their donors, and in three cases, the donors have so far 
remained asymptomatic carriers. The viral genotype, host 
immune surveillance mechanisms,“ and/or other factors 
may contribute to the development of disease in the recip- 
ients. Recently, Hahn et al” reported genetic changes in 
HIV isolated sequentially from persistently infected individ- 
uals. The data generated on transfusion-associated AIDS 
viruses further attest the changing nature of HIV in vivo. [t 
will be interesting to know whether HIV does change more 
rapidly when passing from one person to another than when 
multiplying in a single person. The elucidation of this should 
await further studies. 
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The Effects of GM-CSF and G-CSF in Promoting Growth of Clonogenic Cells in 
Acute Myeloblastic Leukemia 


By Edo Vellenga, Diane C. Young, Katherine Wagner, Donald Wiper, Diana Ostapovicz, and James D. Griffin 


A small subset of leukemic cells from most patients with 
acute myeloblastic leukemia (AML) have properties of 
stem cells and can be assayed by colony formation in agar 
or methylcellulose. Colony formation generally requires the 
addition of exogenous growth factors, but the exact fac- 
tors required are incompletely defined. The AML colony- 
promoting activities of two recombinant human colony- 
stimulating factors (GM-CSF and G-CSF) were investigated 
by using blasts from 48 patients with AML. In nine cases, 
no colonies formed with either CSF. In seven cases colo- 
nies formed only in response to G-CSF and in 11 cases only 
in response to GM-CSF. In 21 cases colonies formed in 
response to either GM-CSF or G-CSF, and in 12 of these 
cases there was an additive effect between the two CSFs 
in determining maximum colony size. For cases responding 
to both GM- and G-CSF, the total number of colonies 


ROLIFERATION of acute myeloblastic leukemia 
(AML) cells in vitro is limited in most cases to a small 
subset of blasts that have several properties characteristic of 
active stem cells: self-renewal potential, high thymidine 
suicide index, and the capacity to undergo at least partial 
differentiation.’ Growth of these colony-forming cells 
(AML-CFU) from most patients requires the addition of 
colony-stimulating factors (CSFs) that have been tradition- 
ally supplied by lectin-activated normal blood cells’ or media 
from various tumor cell lines.™* Jt has been difficult to 
identify the exact factors that promote growth of AML cells 
in these complex media since multiple hematopoietic growth 
factors are present.’ Our laboratory’ and others’* have 
previously studied the effects of recombinant human GM- 
CSF and shown that this CSF actively promotes growth of 
AML.-CFU. In fact, for many cases of AML, GM-CSF 
could completely replace standard conditioned media.‘ In 
other cases, however, growth with GM-CSF alone was 
suboptimal, and in some cases no growth of AML-CFU was 
observed at all.°* 

The genes for other human CSFs have now been cloned?! 
and purified recombinant proteins produced. In an effort to 
further identify the growth factors required for proliferation 
of AML-CFU and to compare these requirements with those 
of normal myeloid progenitor cells, we have investigated the 
effects of recombinant G-CSF and GM-CSF on the growth 
of AML-CFU and normal CFU-GM by using several cul- 
ture systems. The results indicate that, although GM-CSF is 
the most active single factor, G-CSF also promotes growth of 
AML-CFU from many patients with AML and is additive 
with GM-CSF in many cases. 


MATERIALS AND METHODS 


Leukemic cells. Peripheral blood or bone marrow aspiraie sam- 
ples were obtained at diagnosis from 48 adult patients with AML. 
All patients gave informed consent under guidelines approved by the 
Institutional Review Board. The diagnosis of AML was established 
by morphology, cytochemical staining, and surface marker analysis 
using a panel of antimyeloid monoclonal antibodies.” Leukemic cells 
were recovered by Ficoll-dtatrizoate density gradient sedimentation, 
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formed in response to the combination of both CSFs was 
almost always less than additive compared with the num- 
ber of colonies formed in response to the individual CSFs. 
Further, the AML-CFU responding to either GM-CSF or 
G-CSF could not be distinguished by surface markers or by 
the cytochemical staining pattern of the colonies. These 
results suggest that there is considerable overlap between 
the GM-CSF- and G-CSF-responsive AML-CFU subpopula- 
tions in most cases. For five of seven cases, the combina- 
tion of GM-CSF and G-CSF could replace a feukocyte 
feeder layer in providing maximum growth stimulation. 
These results indicate that GM-CSF and G-CSF are active 
growth factors for AML cells and are frequently additive in 
promoting maximum colony size. 

e 1987 by Grune & Stratton, inc. 


and mononuclear cells were cryopreserved in 10% dimethyisulfoxide 
in the vapor phase of liquid nitrogen until use. Peripheral blood was 
used whenever possible to minimize the possibility of “contamina- 
tion” of AML-CFU with normal CFU-GM because of the very low 
numbers of CFU-GM found in normal blood.” After thawing, 
samples were required to have a viability of greater than 90% and to 
contain more than 80% blasts. T Iymphocytes were removed by 
rosetting with sheep erythrocytes, and adherent monocytes were 
removed by plastic adherence (one hour at 37°C). Monocyte con- 
tamination of the leukemic samples before the adherence procedure 
was low. Fifty-three percent of the samples contained less than 4% 
monocytes, detected with the monoclonal antibody M Y4. In 28% of 
the samples more than 20% of MY4-positive cells were observed, 
However, these cells were felt to be primarily leukemic on the basis 
of blast morphology. 

Normal bone marrow. Normal marrow was aspirated from 
volunteers; mononuclear cells were isolated by Ficoll gradients and 
generally cryopreserved prior to culture. All donors gave informed 
consent. BALB/c mouse marrow was removed from femurs. 

Clonogenic assays. |. A double layer agar assay was performed 
in triplicate by modification of the method of Pike and Robinson.” 
Sources of CSF were incorporated in a 0.5% agar (Noble agar, 
Difco, Detroit) underlayer (0.5 mL). Target leukemic cells (1 to 
5 x 10*/0.5 mL) were placed in a 0.3% agar overlayer. The medium 
was Iscove’s modified Dulbecco's minimal essential medium (GIB- 





From the Division of Tumor Immunology, Dana-Farber Cancer 
Institute, Boston. 

Submitted October 24, 1986; accepted February 3, 1987 

Supported in part by Public Health Service Grants No, 
CA19389, CA36167, and CA42802. E.V. is supported by The 
Netherlands Cancer Foundation, “Koningin Wilhelmina Fonds,” 
and a Fulbright grant. J.D.G. is a Scholar of the Leukemia Society 
of America. 

Address reprint requests to James D. Griffin, MD, Division of 
Tumor Immunology, Dana-Farber Cancer Institute. 44 Binney St, 
Boston, MA 02115. 

The publication costs of this article were defrayed in part by page 
charge payment. This article must therefore be hereby marked 
“advertisement” in accordance with 18 U.S.C. $1734 solely to 
indicate this fact. 

© 1987 by Grune & Stratton, Inc. 

0006-497 1/87 /6 906-003 73 3.00/0 


1772 


CO, Long Island, NY) containing 20% fetal bovine serum further 
supplemented with glutamine. The cell number was adjusted to 
generate fewer than 100 colonies/culture. At seven to ten days of 
culture, the agar overlayers were removed from the underlayers by 
agitation and dried onto glass slides under filter paper. Dried agar 
overlayers were fixed in acetone-citrate-methanol and colonies 
stained in situ for chloroacetate esterase and alpha-naphthyl acetate 
esterase activities to identify cells of granulocyte and monocyte 
lineage.** Colonies were defined as aggregates of 20 or more cells.’ 
Normal CFU-GM were assayed as previously described by using the 
double-layer agar assay system.” 

2. The phytohemagglutinin-leukocyte feeder assay (PHA-LFS) 
was performed as described by Léwenberg et al.'* The agar under- 
layer contained irradiated normal peripheral blood leukocytes. In 
some experiments the feeder leukocytes in the underlayer were 
omitted and replaced by recombinant human CSFs. Colonies 
(greater than 50 cells) and clusters (8 to 50 cells) were counted on an 
inverted microscope on days 7 to 10.'* Colonies from representative 
cultures from each patient were pooled and the percentage of T 
lymphocytes determined by E-rosetting. 

CSFs, Recombinant human CSFs were obtained from Drs 
Steven Clark and Gordon Wong, Genetics Institute, Cambridge, 
MA. The CSFs were obtained as media conditioned by COS cells 
transfected with the P91023(B) expression vector containing full- 
length cDNA clones of each of the human genes. Medium condi- 
tioned by COS cells transfected with the same vector but not 
containing any CSF gene was used as a control (mock-CSF) and 
contained no detectable CSF activity for normal human or mouse 
CFU-GM or AML-CFU. To supply an excess of each CSF for 
AML-CFU experiments, each CSF was titered for its ability to 
promote maximal growth of normal marrow CFU-GM. A concen- 
tration of at least twofold more than what was required to generate 
maximum CFU-GM was used to stimulate AML-CFU. In one 
experiment, recombinant erythropoietin (2 U/mL, Genetics Insti- 
tute) was added to methylcellulose cultures. 

Determining the surface antigen phenotype of AML-CFU. 
Since in many cases colonies were formed in response to more than 
one type of CSF, the surface antigen phenotype of clonogenic cells 
was determined in an effort to determine whether the same or 
different populations of clonogenic cells were proliferating to each 
factor. Briefly, the surface antigen phenotype was determined by 
complement lysis with monoclonal antibodies anti-HLA-DR, 
-MY9, ~-PM-81, and -AML-2-23.'* Following treatment with anti- 
body and complement, the residual number of viable clonogenic cells 
was assayed in agar culture and compared with the number present 
after treatment with a control monoclonal antibody and comple- 
ment. The lot of C’ used in these studies was preselected for low 
toxicity to marrow progenitor cells. 

Surface antigen analysis of AML cells. Aliquots of AML cells 
were incubated with monoclonal antibodies detecting HLA-DR, 
MY4, MY7, MY9, or glycophorin A for 30 minutes at 4°C, washed 
twice, further incubated with fluoresceinated goat antimouse Ig 
(Coulter Immunology, Hialeah, FL) for 30 minutes at 4°C, and 
analyzed by flow cytometry.” The presence of 20% of cells more 
fluorescent than the background was considered positive. 


RESULTS 


Recombinant CSF titers. The titers of recombinant 
CSF-containing conditioned media were determined by 
assaying the ability of each CSF to support a specific type of 
normal CFU-GM. GM-CSF supported growth of human 
granulocyte and monocyte colonies; G-CSF supported 
growth of human and murine granulocyte colonies (Table 1). 
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Table 1. Effects of Recombinant Human CSFs 





CSF 








rGM-CSF 1:500 1 
1:1,000 (0 

1:2,000 0 

1:4,000 1 

rG-CSF 1:500 9 
1:1,000 8 

1:2,000 7 

1:4,000 6 

Mock-CSF 1:500 ($) 
2 


Control medium 





*Recombinant human CSFs used as media conditioned by COS cells 
transfected with plasmids containing CSF cDNAs. Titer is the final 
dilution of stock conditioned medium. Mock-CSF is medium conditioned 
by COS cells transfected with vector only. 

+ Target celis are human or mouse (BALB/c) light-density, nonadherent 
marrow cells grown in the overlayer of a double-layer agar system. All 
CSFs were incorporated in the lower layer. Clusters of greater than eight 
cells were enumerated on day 7 and expressed as the mean of 
quadruplicate cultures. Standard arrors of the mean were less than 
+ 20% in each case. 


Based on this information, AML-CFU experiments were 
performed with concentrations of GM-CSF of 1:500; G-CSF 
was used at 1:1,000. 

AML cases. Cells from 48 randomly selected AML 
patients were tested for response to G-CSF, GM-CSF, and 
the combination of both CSFs in agar culture. No colony 
growth was observed in nine cases (19%) with any of the 
CSFs tested (data not shown). In nine cases there was 
autonomous formation in the absence of any CSFs of more 
than 20 colonies per culture (range, 28 to 705 AML- 
CFU/5 x 10% cells). In 81%, AML-CFU growth was 
observed in response to one or both CSFs, defined as more 
than ten AML-CFU/5 x 10% plated cells if there was no 
autonomous growth or more than a twofold increase in the 
number of AML-CFU compared with the control medium if 
there was autonomous proliferation (Table 2). Fifteen per- 
cent of cases responded to G-CSF only (cases | to 7, Table 
2), 23% of cases responded to GM-CSF only (cases 8 to 18, 
Table 2), and 44% responded to either G-CSF or GM-CSF 
(cases 19 to 39, Table 2). In two thirds of these latter cases 
higher colony numbers were observed with GM-CSF in 
comparison to G-CSF, whereas in 14% the response to 
G-CSF was more pronounced than the response to GM- 
CSF. 

In 15 patients (Table 2) the combined effects on colony 
size (measured by colony diameter) of GM-CSF and G-CSF 
were greater than the maximum effects observed with either 
factor alone by twofold or more. In separate experiments 
with six of these cases, the concentration of GM-CSF was 
increased tenfold over the concentration used in Table 2 
without further increasing colony number or size. The-addi- 
tion of G-CSF (1:1,000) remained additive in causing an 
increase in colony size (data not shown). 
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Table 2. Effects of CSFs on Growth of Clonogenic AML Cells 





AML-CFU/5 x 10° Cells* 











G-CSF 
Medium G-CSF, GM-CSF, + 
Case PBL/BM Control 1:1,000 1:500 GM-CSF 
Response to G-CSF only 
1 PBL 28 69 32 75 
2 PBL (9) 870 2 855 » 
3 BM 10 196 12 255 + 
4 BM 1 49 3 51 
5 BM 4 18 6 18 
6 PBL (8) 24 0 26 
7 PBL 8 313 9 321 
Response to GM-CSF only 
8 PBL 0 1 8 12 + 
9 BM ie) 3 56 57 
10 PBL is) 2 78 81 
11 PBL 85 87 95t 98 
12 PBL 0 4 78 75 
13 BM 1 1 61 59 
14 PBL 2 4 173 173 
15 BM 1 1 48 46 
16 PBL 10) 1 22 29 
17 BM 0 0 62 71 
18 BM 0 0 215 222 
Response to both G-CSF and GM-CSF 
19 BM 13) 46 69 110 + 
20 PBL 225 235ł 451 479 + 
21 PBL 167 217ł 231ł 261 + 
22 PBL 76 191 164 207 4 
23 PBL 2 21 47 47 
24 PBL 62 152 211 231 + 
25 PBL o 12 17 19 
26 PBL o 42 82 105 + 
27 BM 19 173 140 257 + 
28 PBL (8) 109 31 143 + 
29 PBL 0 5 17 18 
30 PBL 12 34 62 145 + 
31 BM 28 74t 73 81 4 
32 PBL 13 61 693 79 
33 PBL 36 316 497 502 
34 BM 3 32 71 639 
35 PBL 0 165 329 341 
36 PBL 705 801¢ 821ł 1,1504 + 
37 BM 0 38 32 40 
38 BM o 38 226 911 + 
39 BM (0) 46 211 207 





Abbreviations: PBL, peripheral blood; BM, bone marrow. 


*AML-CFU were assayed in agar as described in Materials and Methods. The results are presented as the mean of triplicate cultures. The standard 


errors were less than +25% in all cases. 


tAn additive effect was defined as an increase in average colony diameter by twofold or greater with the combination of G-CSF plus GM-CSF 


compared with colonies grown in response to either factor alone. 


tFor cases in which there was significant autonomous colony formation, an increase in colony diameter by twofold or more in response to a CSF was 


also considered a response. 


In most cases, the additive effects of the combination of 
GM-CSF and G-CSF did not apply to colony number. In 
only three of 15 cases did the increase in colony number 
exceed 50% (59%, 133%, and 301%). These results indicate 
that both G-CSF and GM-CSF are active growth factors for 
supporting AML-CFU and that G-CSF and GM-CSF are 
additive in determining the maximum colony size in many 


cases. The distribution of CSF response type compared with 
whether or not there was autonomous growth is summarized 
in Fig 1. 

Surface antigen phenotype of AML-CFU responding to 
GM-CSF and G-CSF. The results in Table 2 show that in 
many cases of AML there are AML-CFU that can respond 
to both G-CSF and GM-CSF. In those cases further efforts 
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Fig 1. Distribution of cases by CSF response and autonomous 


growth of clonogenic cells. The additive effect was defined as an 
increase in cotony diameter twofold greater than the maximum 
effects observed with either factor alone. 


were undertaken to determine whether two populations of 
clonogenic cells were presen: or only a single population. Ten 
such cases were selected, myeloid blast cells were lysed with 
antimyeloid monoclonal antibodies and complement, and 
surviving clonogenic cells were assayed in cultures contain- 
ing either GM-CSF or G-CSF (Table 3). The “phenotype” 
of the clonogenic cells proliferating in response to each factor 
was found to be closely comparable. 

Colonies from six of these ten patients were also stained in 
situ for expression of the granulocytic marker chioroacetate 
esterase (CAE) and the monocytic marker alpha-naphthyl 
acetate esterase (ANAE). As previously observed by our 
laboratory'® and in contrast to the heterogeneous staining 


Table 3. Phenotype of AML-CFU Proliferating in Response to 











Percentage of AML-CFU Expressing Colony 
Antigen* Cytochemistry t 
Case No. CSF HLA-DR MYS PM-81 AML-2-23 CAE ANAE 
19 GM 71 9 70 66 = + 
G 52 o 56 58 — + 
21 GM 99 72 68 72 + + 
G 99 75 74 77 + + 
22 GM 82 §2 91 95 ~ + 
G 80 48 91 90 — + 
23 GM 70 95 93 98 NT NT 
G 79 100 79 90 NT NT 
24 GM 85 93 31 0 + 
G 84 97 10 0 + ~ 
27 GM 87 50 91 90 NT NT 
G 79 71 NT 86 NT NT 
28 GM 63 45 57 10 + 
G 65 51 60 15 + - 
32 GM 98 100 98 38 NT NT 
G 100 106 100 20 NT NT 
33 GM 59 88 76 52 NT NT 
G 54 8&8 69 62 NT NT 
34 GM 95 5 52 o = + 
G 93 Q 59 17 ~ + 





*Leukemic cells were incubéted with monoclonal antibodies and 
complement and residual viable AML-CFU determined by assay in agar. 
The percentage of AML-CFU expressing each antigen was taken as the 
percentage of AML-CFU lysed by antibody and C’ compared with C’ 
alone. 

¢Colonies were stained in situ for CAE activity and ANAE activity. +, 
95% colonies staining: ~, 5% colonies staining; NT, not tested. 
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pattern observed in normal marrow, AML colonies from 
individua! cases tend to be homogeneous: either CAE + 
ANAE-, CAE- ANAE+, or CAE+ ANAE+ (both 
enzyme activities detected within single cells). Homogeneity 
of the staining pattern was also observed in these cases 
(Table 3). The staining pattern in individual cases was the 
same when the colonies were stimulated by either GM-CSF 
or G-CSF. It ts noteworthy that in three cases G-CSF 
promoted the growth of ANAE+ CAE- colonies, a situa- 
tion not observed in normal marrow (Table 1). 

Correlation of monocytic and erythroid phenotype with 
response to CSFs. The surface antigen phenotype of the 
whole leukemic cell population was determined in 39 cases 
by using anti- HLA-DR, -MY4 (monocyte), -MY7 (mono- 
cyte-granulocyte/CFU-GM), -MY9 (monocyte/ progenitor 
cell), -T11 (T cell) and —glycophorin A (clone 39, erythroid) 
monoclonal antibodies. None of the cases had more than 2% 
T1i+ cells. The 39 cases were grouped by CSF response (see 
Table 2), and the percentage of cases in each group express- 
ing each surface antigen is shown in Table 4. Four of the five 
cases that expressed glycophorin A were in the nongrawing 
group. Eight cases that had autonomous growth had a 
phenotype similar to those responding to G- or GM-CSF, 
except that expression of MY7 was more common. These 
results suggest that erythroleukemias (glycophorin A~posi- 
tive) tend not to respond to the CSFs tested in the culture 
system used. Cells from two of the glycophorin A-pesitive 
cases were retested for colony formation in the presence of 
erythropoietin (2 U/mL) in the presence and absence of 
GM-CSF or G-CSF. No coleny formation was observed. 

identification of other CSFs that promote growth of 
AML-CFU. PHA-LFS has been shown to be a particularly 
effective culture system in promoting the growth of colonies 
of maximum size from the maximum number of patients.’ 
We therefore sought to determine whether the previously 
undefined CSFs of the PHA-LFS could be partially or 
completely replaced by G-. GM-CSF, or a combination of 
the two. The distinction between clusters and colonies as 
originally defined by L6wenberg was retained.'* In one case 
(20, Table 5) colony growth was more than twofold better in 
the PHA-LFS than with the combination of G- and GM- 
CSF. In the other cases, the difference was insignificant or 


Table 4. Correlation of Surface Marker Expression With 
Response to CSFs 











G- or No 
Surface Antigen*® G-CSF} GM-CSF} GM-CSF Growth Autonomous 
N 5 9 16 9 8 
HLA-DR 60 89 94 56 160 
MY4 o 56 13 22 13 
MY7 60 89 38 33 75 
MY9 80 89 50 22 89 
Giycophorin A ie) 0] 6 44 0 





*The surface antigen expression of the total leukemic cell population 
was determined by immunofiuorescence using flaw cytometry. The 
presence of greater than 20% stained cells was considered positive. 

+These cases responded only to G-CSF or GM-CSF (see Table 1). 
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Table 5. A Comparison of Recombinant CSFs With the PHA-Leukocyte Feeder Culture System 





AML-CFU/10° Cells (Colonies/Clusters)* 








Kadaba we ee 
Case No. Control Leukocytes G-CSF GM-CSF G- + GM-CSF G-CSF GM-CSF 

20 2/56 92/234 13/240 — 34/92 4 + 
21 0/10 20/72 4/27 10/230 15/159 + 

22 32/1,400 50/1,500 50/1,330 30/1,600 43/1,300 + 

27 3/20 51/103 10/50 32/84 34/100 + + 
28 0/0 6/14 0/6 0/10 0/17 + i 
29 0/0 7/19 1/9 5/25 10/44 j $ 
33 0/29 16/147 19/146 45/170 48/126 + + 








*AML-CFU were assayed as described by Lowenberg™ except that in some cases the agar layer contained recombinant CSFs rather than irradiated 
leukocytes. The liquid overlayers of all cultures contained PHA. Clusters and colonies were counted on days 7 to 10. The results are the mean of duplicate 
cultures. Final concentrations of G-CSF were 1:1,000 and for GM-CSF, 1:500. 


the recombinant CSF combination was better than the 
PHA-LFS, 


DISCUSSION 


The purpose of this study was to further define the growth 
factors required by clonogenic AML eells for in vitro prolif- 
eration. The results confirm an earlier study in which it was 
shown that GM-CSF was an active growth factor for AML- 
CFU, but probably not the only such factor.“ In this study 
the effects of recombinant GM-CSF and G-CSF were tested 
and compared with the effects of the combination of these 
two CSFs. GM-CSF was the most active of the factors, 
followed closely by G-CSF. Overall, 67% of cases contained 
AML-CFU responsive to GM-CSF, 59% of cases contained 
AML-CFU responsive to G-CSF, and 44% of cases con- 
tained AML-CFU responsive to both. 

The combination of G-CSF and GM-CSF was additive in 
determining maximum colony size in 15 cases compared with 
either CSF alone. This could occur in several ways. The 
initial AML-CFU could be responsive to both CSFs. Alter- 
natively, the initial AML-CFU could be responsive only to 
G- or GM-CSF, and the interaction of that CSF with its 
receptor could induce expression of receptors for the other 
CSF. Future studies with purified AML-CFU may help 
resolve this question. The effects of the combined CSFs on 
the total colony number was variable. In seven of the 2! cases 
responding to both CSFs individually, the total colony num- 
ber formed in response to the combination of CSFs increased 
to approximately the sum of the G-CSF colonies plus the 
GM-CSF colonies. In the remaining 14 cases, little or no 
increase in colony number was observed. These results 
suggest that in some cases the GM-CSF-—responsive and 
G-CSF-responsive AML-CFU are partly or completely dis- 
tinct, whereas in other cases the same clonogenic cells appear 
to respond to both growth factors. Surface antigen phenotype 
analysis of ten cases failed to distinguish G-CSF- from 
GM-CSF-responsive AML-CFU, further suggesting that 
these AML-CFU subsets are closely related in many cases. 

The results in this and our previous report® indicate that 
GM- and G-CSF can provide near-optimum growth factor 
activity for in vitro proliferation of AML-CFU. There may 
well, however, be yet identified factors:that are important for 
in vitro or in vivo growth. The results presented in Table 5 


indicate that for most patients studied either GM-CSF alone 
or the combination of G-CSF and GM-CSF can substitute 
for activated leukocytes in the PHA-LFS. However, one case 
was identified in which the colony number was greater in the 
PHA-LFS, thus suggesting that yet another CSF such as 
human interleukin 3'’ may be produced by stimulated leuko- 
cytes. It is noteworthy that GM-, G-, and M-CSF can all be 
produced by normal blood leukocytes with appropriate stim- 
ulation. GM-CSF is secreted by activated T cells? and 
G-CSF (Young D, Rambaldi A, Griffin JD, unpublished 
observations) and M-CSF by activated monocytes.” 

Several conclusions can be drawn from these results about 
the substructure of the AML stem cell compartment. First, 
AML-CFU from most patients require CSFs for in vitro 
growth and respond to the same concentrations of GM-CSF 
and G-CSF that also effectively promote growth of normal 
CFU-GM. In contrast to normal CFU-GM, however, AML- 
CFU from 15% of patients responded only to G-CSF, and 
AML-CFU from 23% responded only to GM-CSF. This 
observation defines a new level of heterogeneity among AML. 
patients. Second, in cases containing both GM- and G- 
CSF-responsive AML-CFL, it is likely that the populations 
of clonogenic cells responding to G-CSF and GM-CSF 
overlap to a considerable degree in some but not all cases. 
Third, “aberrent” response to CSF can also be observed in 
that monocytic colonies (ANAE + ) are formed in response to 
G-CSF. 

As in our previous studies, “autonomous” growth of 
clonogenic cells was observed in several cases. In each case in 
which there was autonomous growth, the size and/or number 
of colonies could be increased by the addition of one or more 
CSFs (seven of nine cases with autonomous growth 
responded to both GM-CSF and G-CSF). 

Our laboratory has previously studied three cases of AML 
in which autonomous proliferation of leukemic cells occurred 
in agar culture.” Cells from two of these cases were found to 
express the GM-CSF gene constitutively, and both cases 
secreted biologically active GM-CSF. In an additional study 
it was shown that expression of the GM-CSF gene is not 
restricted to cases that can grow autonomously in agar and, 
in fact, expression can be observed in up to 50% of all cases of 
AML.” It is possible that production of GM-CSF by 
leukemic cells in vivo can substitute for CSFs from normal 
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cellular sources such as T cells and endothelial cells, or they 
can augment the supply of CSF to the leukemic cells. Also, 
there are likely to be selective pressures in vivo for AML cells 
to develop mechanisms to use CSF in novel ways or to 
overcome the requirement for CSF completely. A few cases 
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of CSF-independent growth have been observed in AML,” 
and the possibility that AML ceils can express CSF-like 
proteins in their membranes may represent a unique solution 
for the problem of supplying adequate amounts of growth 
factor to a rapidly expanding tumor cell population.”! 
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Spectrin Oxidation Correlates With Membrane Vesiculation in Stored RBCs 


By G.M. Wagner, D.T-Y. Chiu, J-H. Oju, R.H. Heath, and B.H. Lubin 


An increase in spectrin oxidation in a variety of erythro- 
cytes displaying a tendency to vesiculate has been previ- 
ously described. To explore this relationship in more detail, 
we have studied blood stored in citrate-phosphate- 
dextrose-adenine under blood bank conditions because, in 
this system, vesiculation occurs slowly. Vesiculation was 
quantitated by measuring acetylcholinesterase release, 
and the extent of spectrin oxidation was detected by using 


HE MECHANISM BY which the RBC membrane 
vesiculates is of particular importance in blood banking 
since posttransfusion viability of RBC appears to be limited 
by reduction in cell surface area.'* Shedding of spectrin-free 
vesicles from echinocytic erythrocytes leads to the formation 
of dense, poorly deformable spherocytes that are quickly 
removed from the circulation.*? In the past, several factors 
including cellular levels of adenosine triphosphate (ATP),** 
the behavior of the calcium ion,’* and the structure and 
function of membrane proteins”'? have been extensively 
analyzed in stored RBC, but none has been found clearly to 
correlate with the development of spherocytes. Recently, 
Wolfe et al have demonstrated that a defect in the spectrin- 
actin-protein 4.] interaction developed during storage and 
that normal protein interactions were restored with reducing 
agents." 

We have previously examined several red cell disorders 
(sickle cell anemia, hemoglobin H disease, and hereditary 
spherocytosis} and in vitro manipulations (ATP depletion, 
Ca“? loading, and diamide treatment) in which vesiculation 
occurs.’ In each case, membrane protein oxidation could be 
detected’? by thiol-disulfide exchange chromatography.” 
Therefore, as will be described, we quantitated spectrin 
oxidation as RBC slowly vesiculate during storage in 
citrate-phosphate-dextrose-adenine (CPD-A). Under these 
conditions, there was a striking correlation between spectrin 
oxidation and vesiculation. 


MATERIALS AND METHODS 
Determination of the Extent of Vesiculation 


Acetylcholinesterase determination. The activity of AChE was 
assayed as described by Ellman et al.'* This assay was used as a 
measure of extent of red cell vesiculation as initially outlined by Ott 
etal," 

Measurement of phospholipid release. Vesiculation of washed 
fresh, normal erythrocytes (hematocrit, 20%) was induced by incu- 
bation in 10 mmol/L Tris-buffered saline (TBS), pH 7.4, containing 
I mmol/L CaCl, and 2 mol/L A23187, the calcium ionophore. 
This is a slight modification of the method of Allan and Thomas'® 
using a lower concentration of ionophore to slow the rate of 
vesiculation. To stop the vesiculation process, samples were removed 
at four-minute intervals and pipetted into 100 mmol/L EDTA to 
yield a final concentration of 3 mmol/L. The red cell count of the cell 
suspension was determined in a Coulter counter (Coulter Electron- 
ies, Hialeah, FL). The phospholipids in 200 uL of cell suspension 
were extracted by the method of Rose and Oklander,’’ and the 
phospholipids in | mL of supernatant were extracted by the method 
of Bligh and Dyer.’ Inorganic phosphorus in these samples was 
measured after sulfuric acid hydrolysis.” 
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thiol-disulfide exchange chromatography. A strong corre- 
lation (r = .92) was found between the extent of spectrin 
oxidation and vesiculation when blood from five donors 
was analyzed at weekly intervals during storage. This 
strongly suggests that spectrin oxidation plays a role in the 
formation of spectrin-free vesicies, thereby limiting the 
shelf life of stored blood. 

© 1987 by Grune & Stratton, inc. 


ATP Measurement 


ATP was extracted from RBC with perchloric acid by the method 
of Beutler” and was quantitated by using a commercially available 
luciferin /luciferase assay (Packard, Downers Grove, IL). 


Osmotic Gradient Ektacytometry 


Osmotic gradient ektacytometry was performed by the method of 
Clark et al”! This technique measures the deformability index (DI) 
of erythrocytes over a continuous osmotic gradient, 


Thiol-Disulfide Exchange Chromatography 


Thiol-disulfide exchange chromatography was performed with the 
method of Rank et al.'? Theoretically, when this technique is used, 
proteins with no available sulfhydryl groups (filtrate fraction) do not 
bind to the resin and can be separated from proteins containing 
sulfhydryl groups available for binding. The bound proteins can be 
eluted with the reducing agent, 8-mercaptoethanol (gel fraction). 
When the original solubilized membranes, the filtrate (oxidized), 
and the gel (reduced) fractions are analyzed by reducing Laemmli 
sodium dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis,” 
it is apparent that after chromatography band 7 is present only in the 
filtrate fraction (Fig 1). Therefore, the extent of spectrin oxidation 
in a given sample can be expressed in terms of the spectrin:band 7 
ratio determined by densitometric scanning of the gel. The ratio of 
band 7 to band 3 in the original membranes not subjected to 
chromatography was determined to assess the stability of band 7 
during storage. 








Determination of the Sulfhydryl Content of the Oxidized 
Fraction by Using Amino Acid Analysis 

Ghosts were prepared from erythrocytes that had been incubated 
at 37°C for 48 hours in TBS, pH 7.4, containing penicillin and 
streptomycin, to induce protein oxidation by ATP depletion.” Thiol- 
disulfide chromatography was performed on these ghosts and the 
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Fig1. Laemmli SDS—polyacrylamide gel electrophoresis of the 


thiol-disulfide gel (reduced) fraction (lane 1), filtrate (oxidized) 
fraction (lane 2), and original unchromatographed ghost mem- 
branes (lane 3). Note that band 7 is found in the oxidized but not 
the reduced fraction. 


oxidized fraction (consisting predominantly of spectrin, hemoglobin, 
and proteolytic fragments) obtained. The free sulfhydryl content of 
the oxidized proteins was measured by labeling them with iodoacetic 
acid, a reagent that reacts with free sulfhydryl groups to form 
carboxymethyl cysteine.” Initially, the oxidized fraction was divided 
into two aliquots, one of which was immediately reduced in 2 
mmol/L. dithiotheitol (DTT). The oxidized aliquot was dialyzed 
overnight at room temperature against § mmol/L urea, 0.1 mol/L 
Tris, pH 8.5; the reduced aliquot was dialyzed against the same 
buffer containing 2 mmol/L DTT. After dialysis the samples were 
placed in screw top tubes, flushed with N,, sealed, and incubated at 
30°C for 30 minutes. Then 0.5 mol/L iodoacetic acid was added toa 
final concentration of 10 mmol/L and the samples incubated in the 
dark for an additional 30 minutes at 30°C. The reaction was 
terminated by adding one drop of 8-mercaptocthanol. The fractions 
were dialyzed overnight against 2 mol/L urea, 50 mmol/L Tris, pH 
8.5, at 4°C and then for 48 hours against water. The samples were 
acid hydrolyzed, and amino acid analysis was performed.” 


Blood Storage 


Four units of blood obtained from four normal donors and two 
units, drawn on separate occasions from a woman therapeutically 
phlebotomized for polycythemia secondary to chronic lung disease, 
were stored in CPD-A under standard blood bank conditions for 8 
weeks. Samples were removed at weekly intervals for AChE deter- 
minations to quantitate the extent of vesiculation occurring during 
storage, ATP extraction, ektacytometry, and thiol-disulfide chroma- 
tography. 
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RESULTS 


AChE Release Is Linearly Correlated 
With Phospholipid Release 


The initial goal of these studies was to demonstrate the 
validity of the methods used to quantitate both vesiculation 
and spectrin oxidation. The extent of vesiculation during 
storage Was quantitated by measuring the percentage of the 
total whole blood AChE that was present in the plasma. 
However, this percentage does not equal that of phospholipid 
released because AChE is concentrated in vesicles.” Because 
storage vesiculation takes place in lipid-rich plasma, deter- 
mining the nature of the correlation between AChE release 
and phospholipid release was not feasible in this system. 
Therefore to examine this problem, we induced vesiculation 
in fresh washed erythrocytes by calcium loading and found 
that AChE release is linearly related to phospholipid release 
(Fig 2). The calcium-loading system was used in these 
experiments because maximum vesiculation could be 
achieved in 60 minutes, the vesiculation process could be 
halted instantly by the addition of EDTA, and most impor- 
tantly, there was no exogenous phospholipid in the incuba- 
tion buffer. A similar linear relationship between AChE and 
phospholipid release was found when vesiculation due to 
ATP depletion was studied (data not shown). Since such a 
relationship is present in two very different forms of the 
vesiculation process,” we fee! that a linear relation between 
ACHE release and phospholipid release during storage ves- 
iculation is highly likely as well. Therefore in all storage 
experiments we measured AChE release to quantitate vesi- 
culation. 


Measurement of Spectrin Oxidation 


To quantitate the extent of spectrin oxidation. we per- 
formed thiol-disulfide exchange chromatography on solu- 
bilized ghost membranes to separate oxidized and reduced 
proteins. The original ghost membranes and both column 
fractions were analyzed by SDS-polyacrylamide gel electro- 
phoresis under reducing conditions. The extent of spectrin 
oxidation was quantitated by measuring the ratio of spectrin 
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Fig2. Percentage of AChE released during calcium loading v 
percentage of phospholipid release (a representative experi- 
ment}. 
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to band 7 in the oxidized fraction. To ensure that changes in 
this ratio during storage were not due to changes in band 7, 
the band 7:band 3 ratio in the original membrane samples 
was measured. In all samples this ratio remained constant 
during storage (0.10 + 0.02), thus indicating that there was 
no significant loss of band 7 and that changes in the 
spectrin:band 7 ratio were due to changes in the amount of 
oxidized spectrin. 

Amino acid analysis experiments indicate that proteins in 
the filtrate fraction are approximately two-thirds oxidized. 
An aliquot of oxidized proteins treated with iodoacetic acid 
contained only 34.5% as much carboxymethyl cysteine as an 
aliquot reduced before treatment. The oxidized fraction 
analyzed in this way was a mixture of proteins, so the exact 
extent of spectrin oxidation cannot be stated. Nevertheless, it 
is reasonable to assume that the proteins in the oxidized 
fraction have been oxidized to a similar degree. Therefore, 
the thiol-disulfide chromatographic method allows us to 
quantitate spectrin that has been severely oxidized. 


Vesiculation of Erythrocytes During Storage 


We have previously demonstrated increased spectrin oxi- 
dation in a variety of conditions known to be associated with 
red cell vesiculation.'* To examine this phenomenon in more 
detail we have selected an experimental system in which 
vesiculation occurs slowly, namely, in blood stored under 
blood bank conditions. Figure 3 shows AChE release during 
storage of units of whole blood from four different donors. 
There is individual variation in the rate and extent of 
vesiculation. This is consistent with previous observations 
that there are differences in the storage stability of blood 
from different donors.’* An ektacytometer was used to 
determine the deformability of a “rapid” and a “slow” 
vesiculating unit before and after 6 weeks of storage. The 
deformability pattern of the rapid unit showed a decrease in 
maximal deformability during storage consistent with mem- 
brane loss, whereas the pattern of the slow unit was only 
slightly changed (Fig 4). 


%AChE Release 





6 8 


4 
Time(weeks) 


Fig 3. Percentage of AChE released from 4 units of stored 
RBC v time. Donor 1, @---@:; donor 2, A4——A: donor 3, EW; 
donor 4, O——O. Note: Units from donor 1 were analyzed on two 
separate occasions and gave similar results each time. Blood from 
a fifth donor behaved in a manner virtually identical to donor 1, but 
for the sake of clarity, the data are not shown. 
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Fig4. Diasa function of osmolarity measured by ektacytome- 
try. The osmolarity scale is not linear. (A) A rapidly vesiculating 
blood sample (donor 5). {B} A slowly vesiculating blood sample 
{donor 4). in each case the upper solid line is the pattern obtained 
from a fresh sample, and the lower solid line is the pattern 
obtained after 6 weeks of storage. The dashed line is the pattern 
of fresh biood from a normal donor analyzed with each sample to 
serve as a reference point. 


Vesiculation During Storage Does Not 
Correlate With ATP Levels 


It is likely that membrane vesiculation and the subsequent 
loss of deformability is the elusive “storage lesion” that limits 
the shelf life of stored blood. Therefore, we followed ATP 
levels and spectrin oxidation during storage to determine 
whether changes in either of these parameters correlated 
with vesiculation. Although energy depletion induces vesicu- 
lation of erythrocytes in vitro” vesiculation during storage 
did not appear to be related primarily to decreased levels of 
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Fig 5. Percentage of the initial ATP tevel v time for donor 1, 
the most actively vesiculating sample, on two separate occasions. 
Similar results were obtained on blood from the other donors. 
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ATP. In most units, vesiculation during storage began imme- 
diately (Fig 3) and was active while cellular ATP levels were 
high (Fig 5). 


Vesiculation During Storage Correlates 
With Spectrin Oxidation 

Although vesiculation of blood stered in CDP-A was 
unrelated to ATP depletion, thiol-disulfide chromatography 
performed on stored blood samples provided evidence that 
vesiculation and spectrin oxidation are related. Representa- 
tive electrophoretic patterns of oxidized chromatography 
fractions are shown in Fig 6A. It can be seen that the spectrin 
band of the sample stored for 6 weeks is considerably more 
dense than that seen in a fresh sample from the same donor. 
In Fig 6B the change in the spectrin:band 7 ratio with time 
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Fig 6. (A) Representative SDS gels of oxidized fractions from 
donor 1 obtained during thiol-disulfide exchange chromatography. 
Lane 1, fresh sample. Lane 2, sample after 6 weeks’ storage. (B) 
Spectrin:Band 7 ratio as a function of time. Donor 1, @-——@; donor 
2, A---A: Donor 3, -—; donor 4, O-—C. The symbols for each 
donor correspond to those used in Fig 3. 
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for 4 units is shown. The shape of the curve for each unit is 
remarkably similar to its corresponding curve in Fig 3. In Fig 
7, the spectrin:band 7 ratio is plotted against the percentage 
of AChE release (vesiculation). Not only is there excellent 
correlation between the extent of spectrin oxidation and the 
extent of vesiculation (r = .92), but points derived from all 
units appear to fall on the same line. 


DISCUSSION 


The occurrence of membrane vesiculation and the resul- 
tant formation of poorly deformable spherocytes is likely to 
be the cause of the disappointingly short shelf life of stored 
blood. We have showr that during storage, oxidation of 
spectrin is occurring and that this process correlates well 
with vesiculation. This observation complements those of 
Wolfe et al who found that during storage a reducing agent 
correctable defect in soectrin:actin:protein 4.1 interaction 
occurs.’ Becker et al demonstrated that oxidation of as few 
as one spectrin sulfhydryl group can produce this defect ina 
purified protein system and that oxidation of two sulfhydryl 
groups produces structural alterations in spectrin binding to 
inside-out vesicles.” Thiol-disulfide chromatography detects 
only severely oxidized proteins that may represent only a 
small fraction of those that have undergone some degree of 
oxidative damage. Although mildly oxidized spectrin may be 
involved in the vesiculation process, vesiculation clearly 
correlates with the amount of severely oxidized spectrin. 

The exact mechanism by which vesiculation occurs is 
unknown, but it is conceivable that, as spectrin is oxidatively 
damaged in a small area of the membrane, localized spec- 
trin-lipid interactions are disrupted, and the affected mem- 
brane pinches off as a spectrin-depleted free vesicle. Many 
such events occurring during the storage period would ulti- 
mately produce a rigid spherocyte. Why metabolically intact 
RBC under storage conditions are more prone to vesiculate 
and become spherocytes than cells in vivo is unknown. 
Perhaps in vivo the red cell itself has mechanisms for repair 
of oxidative damage to membrane proteins that are not 
functional during storage at 4°C, eg, ATP-dependent pro- 
teases,” cr perhaps the zeticuloendothelial system is capable 
of removing damaged membrane in a manner that is less 
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Fig7. Spectrin:band 7 ratio as a function of the percentage of 
AChE release. The different symbols represent points derived 
from different units of blocd and correspond to those used in Figs 3 
and 6 {r = .92). 
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disruptive to the cell than vesiculation. In any case, our 
observations support the concept that oxidation of membrane 
components is involved in the storage lesion and suggest that 
the use of antioxidants or agents that inhibit vesiculation 
might be useful for prolonging the shelf life or improving the 
quality of blood used for transfusion. 
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Identification of an Erythropoietin-Sensitive Cell Line 


By Donald R. Branch, Jean-Michel Turc, and Larry J. Guilbert 


The murine lymphoblastic cell line DA-1 has been charac- 
terized as dependent upon both interleukin-3 (IL-3, mul- 
ticolony~stimulating factor [multi-CSF]) and granulocyte- 
macrophage colony-stimulating factor (GM-CSF) for 
survival and growth. Here we demonstrate that it is 
responsive to a third hematopoietic factor, the erythroid- 
specific hormone, erythropoietin (Epo). DA-1 cells are 
stimulated to proliferate by partly purified natural murine 
and human Epo, and pure recombinant human Epo. Anti- 
body to Epo specifically blocks Epo-stimulated growth. 
Maximal growth stimulated by Epo and GM-CSF is similar, 
and considerably less than that stimulated by multi-CSF. 


RYTHROPOIETIN (Epo) is the primary hormone 
regulating red blood cell formation.’ It has been puri- 
fied to homogeniety from human urine, characterized as a 
single sialoglycopeptide of molecular weight (MW) 35,000, 
and has been molecularly cloned and expressed.** The factor 
targets the committed members of the erythroid differentia- 
tion lineage.** It acts cooperatively with multi-colony—stimu- 
lating factor (multi-CSF) and granulocyte-macrophage col- 
ony-stimulating factor (GM-CSF) on the least mature of 
these cells, the burst-forming-unit-erythroid (BFU-—E).' The 
response of primary cells is growth-accompanied by differen- 
tiation to a nongrowing state.! 

Epo-responsive progenitor cells occur at less than 1% of 
normal marrow cells and are maturationally heterogeneous.' 
Thus, they are not a suitable population for biochemical 
analysis of Epo stimulation. Large increases in the numbers 
and frequency of these cells have been achieved by exploiting 
transient erythroblastosis induced by either infection by 
erythroleukemia viruses’ or by chemically-induced anemias.* 
However, Epo-responsive cells still constitute a minority of 
the resulting hematopoietic tissue and, even after purifica- 
tion, probably are not entirely free of contaminating cells. 
These difficulties in obtaining suitable target populations 
have hampered molecular-level studies of the response of 
cells to Epo. 

One solution to this problem would be a cell line dependent 
upon Epo for survival, growth, or differentiation. Although 
autonomously growing erythroleukemia cell lines have been 
reported to respond to Epo with increased cloning efficiency 
and partial differentiation! completely dependent lines 
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Proliferation stimulated by Epo and GM-CSF is transient, 
decreasing within 24 to 48 hours of exposure. However, 
Epo acts cooperatively with GM-CSF to sustain prolifera- 
tion. With or without GM-CSF, no obvious erythroid differ- 
entiation of DA-1 cells occurs after exposure to Epo for up 
to 72 hours. This is the first report of a growth factor- 
dependent cell line also responsive to Epo for survival and 
growth. The availability of this cell line model should 
greatly facilitate biochemical analysis of the mechanism of 
Epo growth-stimulating action. 

® 1987 by Grune & Stratton, Inc. 


have not been documented. Here we characterize a growth 
factor-dependent cell line that proliferates in response to 
Epo. We also show that the response to Epo, like that of 
primary cells, is transitory. 


MATERIALS AND METHODS 
Cells 


The DA-I ceil line, first described by Ihle as lymphoblastoid and 
dependent upon interleukin-3 (IL-3, multi-CSF) for growth," and 
more recently reported to be also responsive to GM-CSF? was 
obtained from Dr K.C. Lee (University of Alberta, Edmonton). The 
cells were routinely cultured in suspension in Iscove’s modified 
Dulbecco's medium (IMDM, GIBCO, Grand Island, NY) contain- 
ing fetal calf serum (FCS, 10% vol/vol, Flaw Laboratories, McLean, 
VA) plus medium conditioned by WEHI-3 cells (WEHI-3CM, 20% 
vol/vol). The murine myelomonocytic cell line WEHI-3 (American 
Type Tissue Culture Collection, Rockville, MD) was routinely 
cultured in suspension in IMDM containing FCS (15% vol/vol) and 
10°° mol/L 2-mercaptoethanol. 


Hematopoietic Growth Factor (HGF) Preparations 


WEHI-3 CM was harvested from high density cultures (> 10°/ 
mL), sterilized by filtration (Millipore, 0.22 um), and stored at 4°C. 
WEHI-3 CM contains high levels of multi-CSF and low levels of 
CSF-1."* Pure recombinant murine GM-CSF (rGM-CSF), a gift 
from Dr R.J. Tushinski, Immunex Corp, Seattle, was prepared as a 
100-zg/mL. solution in 0.1% trifluoroacetic acid, 48% acetonitrile, 
and 0.01 mol/L Tris, and stored in liquid N,. Aliquots were diluted 
to I ug/mL in 0.01% bovine serum albumin (BSA) in phosphate 
buffered saline (PBS) for use as a working stock. Pure recombinant 
human erythropoietin (rEpo), a gift from Dr E. Fritsch, Genetics 
Institute, Boston, was produced by transfecting Chinese hamster 
ovary (CHO) cells with an expression plasmid containing a human 
Epo insert? then was purified to homogeniety. It was prepared as a 
100 U/mL stock in IMDM containing FCS (5% vol/vol). Purified 
human urinary Epo (150 U/mL, lot 78-79P) was purchased from 
the British Columbia Cancer Institute, Vancouver, BC. Purified 
murine Epo (24 U/mL, lot 10405) was obtained from HyClone 
Laboratories, Logan, UT. Recombinant murine multi-CSF (rMulti- 
CSF), a gift from Dr T. Mosmann, DNAX Corp, Palo Alto, CA, 
was used as an unpurified supernatant from plasmid-transfected 
COS cells. 


Assays of DA-I Proliferation 


Assays were carried out in IMDM containing FCS (5% vol/vol) 
and incubated at 37°C ina fully humidified atmosphere containing 
5% CO, in air. 
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Fig 1. DA-1 cell proliferation as a function of concentration of 
WEHI-3 CM © and human urinary Epo @. Growth after 24 hours of 
culture in microtiter plates as measured by {A} MTT reduction and 
(B) °H-TdR uptake (see methods for details). Each point is the 
mean of three replicates, bars denote standard deviation. Abscis- 
sa: Log, of the dilution of undiluted WEHI-3 CM and Epo at 75 
U/mL. 


Microtiter plate cultures. Growth factors were diluted by serial 
doublings in the wells of 96-well flat-bottom microtiter plates 
(Linbro, Flow Labs) in [MDM containing FCS (5% vol/vol). Each 
well contained 10* DA-I cells in a final volume of 50 pL. The plates 
were incubated from 24 to 48 hours. Proliferation was assessed in 
terms of: [a] Tritiated thymidine CH-TdR, New England Nuclear, 
Boston) uptake as a measure of the number of cells in cycle at any 
time. Briefly, 1 wCi 7H-TdR supplemented with 0.24 mol/L 5- 
fluoro-2’deoxyuridine (Calbiochem, La Jolla, CA) and 0.4 mol/L 
2-deoxyinosine (Sigma Chemical, St. Louis) was added to each well. 
After four hours the cells were harvested onto absorbant glass fiber 
paper and counted for radioactivity using a scintillation counter. [b] 
Reduction of the tetrazolium dye (3-[4,5-dimethylthiazol-2-yl]- 
2,5-diphenyl tetrazolium bromide (MTT, Sigma). MTT reduction is 
a measure of the metabolic activity of the population and is 
proportional to the number of viable celis.'™* The 50 uL microcul- 
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tures were incubated with 10 uL of | mg/mL MTT for four hours, 
the insoluble blue reaction product dissolved in 0.04 mol/L HCI in 
isopropanol, and the optical density (OD) measured with a dual- 
beam multiplate reader (Dynatec MR 600, Dynatech Instruments, 
Torrance, CA) using test and reference wavelengths of 570 and 630 
nm respectively. Data are presented as net OD, ie, experimental 
minus control, where control is medium with cells but without 
growth factor. 

Suspension cultures. DA-1 cells (10°/mL) from cultures grow- 
ing at log-phase in WEHI-3 CM, were thoroughly washed in PBS 
and cultured in upright T25 flasks (CanLab, Mississauga, Ontario). 
Individual cultures contained either no growth factor or combina- 
tions of recombinant factors at the concentrations indicated. Ali- 
quots were withdrawn at intervals, the total cell number determined 
by particle counting (Coulter Model ZBI, Coulter Electronics, 
Hialeah, FL), and per cent viable cells estimated by trypan blue 
exclusion. Parallel aliquots were plated into 96-well microtiter dishes 
at 50 wh /well for assessment of capacity to reduce MTT. 


Antibody Inhibition of Erythropoietin Response 


The rabbit antihuman Epo preparation (anti-Epo) used in these 
experiments was a gift from Dr R. Sasaki, Kyoto University, Kyoto, 
Japan, and has been previously described.'* One mL anti-Epo 
neutralizes approximately 100 U of Epo. Anti-Epo (or normal rabbit 
serum [NRS] in controls} was incubated at a 1:2 dilution with rEpo 
(50 U/mL), rMulti-CSF (1:200 dilution of COS supernatant), 
rGM-CSF (10 ng/mL) or WEHI-3 CM (50% vol/vol) at 37°C for 
one hour. After incubation, the mixtures were assessed for DA-I 
growth-stimulating activity using the 24-hour microculture assay 
with MTT reduction as the readout. 





Hemoglobin Assay 


The hemoglobin content of DA-I cells was quantitated using a 
modified spectrophotometric method of Clarke et al.” Briefly, after 
72 hours of incubation with rMulti-CSF, rEpo, or rGM-CSF. cells 
(2 to 3 x 10°) obtained from the suspension cultures above, were 
washed with PBS, pelleted, lysed in 75 uL distilled, deionized water, 
and incubated in the dark at 20°C for 20 minutes with 425 ul. of a 
solution containing equal volumes of 0.03 mol/L 3.3'.5,5-tetrame- 
thyl benzidine (Sigma) in 90% acetic acid and freshly prepared |% 
H,O,. The absorbance at 515 nm of undiluted sample was measured 
using a dual-beam spectrophotometer (Perkin-Elmer, Model 124), 
and quantitated using murine hemoglobin standards that covered 
the linear response range of 150 to 400 ng per sample. The standards 
contained lysate from DA-1 cells, grown in WEHI-3 CM, equivalent 
in cells per sample to the Epo-stimulated samples. 


Table 1. Effect of Anti-Erythropoietin on the Proliferation of DA-1 Cells 





MTT Reduction® of Cultures 








Containing HGF ¢ Plus: satis 
HGF NRSt Anti-Epo§ Growth] 
WEHI-3 CM 0.136 + .003 0.151 + .038 -11% (NS) 
rMulti-CSF 0.212 + .003 0.212 + .004 0 (NS) 
rGM-CSF 0.080 + .003 0.080 + .003 o (NS) 
0.003 + .001 93% (P < 001) 


rEpo 0.043 + .003 





“Proportional to the number of viable cells {see methods}, mean optical density of triplicate samples + SD. 
tHematopoietic growth factor, used at levels to give maximum possible response. 


tNormal rabbit serum 
§Rabbit anti-erythropoietin 


HTOD(NRS) — OD{anti-Epo)] x 100/ODINRS): significance determined by student's t test, NS = P > .05 
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Fig 2. Erythropoietin-stimulated growth of DA-1 cells as a 
function of Epo concentration and source, and time of culture. 
Growth measured as described in methods for microtiter plate 
cultures. Each point represents the mean of three replicates, bars 
denote the standard deviation. Ordinate: Optical density of MTT 
reduction product (proportional to viable celi number). Abscissa: 
Log, of dilutions of: O, pure human rEpo stock of 25 U/mL: O, 
natural murine Epo stock of 24 U/mL; A, natural human urinary 
Epo stock of 19 U/mL. Closed symbols indicate number of viable 
cells as measured by reduction of MTT at 24 hours of culture: open 
symbols at 48 hours of culture. 


RESULTS 
DA-1 Response to Epo 


As measured by MTT reduction after 24 hours of incuba- 
tion, the number of viable cells in cultures containing Epo 
was higher than in controls cultured without hematopoietic 
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growth factor (HGF) (Fig 1A). This increase in the number 
of viable cells was due to stimulation of proliferation, shown 
by parallel increases in uptake of 7H-TdR (Fig 1B). Since the 
urinary Epo preparation could be contaminated with other 
HGFs active on mouse cells, the experiment was repeated 
using other Epo preparations, including pure rEpo. The 
results indicate that DA-1 cells respond to rEpo (Table 1; Fig 
2), and that all Epo preparations stimulate growth to the 
same degree (Fig 2). 


Inhibition of DA-1 Proliferation by Anti-Epo Antiserum 


Data in Table | indicate that anti-Epo completely inhibits 
the growth-stimulating activity of Epo but not that of 
WEHI-3 CM, rMulti-CSF, or rGM-CSF. Both these and 
the above results confirm that Epo alone stimulates prolifera- 
tion of DA-1 cells. Furthermore, the response is always lower 
than the maximal response observed with multi-CSF, 


Transient Nature of the Response to Epo 


The proliferative response of DA-1 cells to all preparations 
of Epo was greater at 24 hours than at 48 hours (Fig 2); thus, 
the response appeared to be transient. The kinetics of the 
response were examined in more detail in suspension cultures 
of rEpo, rGM-CSF, and rMulti-CSF using two criteria for 
growth: viable cell counts and capacity to reduce MTT (Fig 
3). In the absence of HGF, the cells die within 24 hours. 
With Epo or GM-CSF alone, maximal numbers of viable 


we @ = multi-CSF + epc GM-CSF +epo 
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Fig 3. DA-1 cell growth stimulated by Epo, multi-CSF, and GM-CSF from recombinant sources. Individual cultures contain factors as 


noted. All factors present at maximally stimulating levels: rEpo, 10 U/mL; rMulti-CSF, a 1:2500 dilution of COS supernatant; rGM-CSF, 50 
ng/mL. Ordinate: Panels A and C, Viable cell count; panels B and D, optical density of MTT reduction product from a constant volume (50 
BL} of cell suspension (see methods). Abscissa: time of culture. 
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cells were seen at 48 hours, then declined. Using fresh DA-1 
cells with MTT reduction as the readout, supernatants 
collected from the above cultures showed no differences in 
growth-stimulating activity when compared to zero-time 
controls (data not shown). Thus, the transient growth was 
not due to loss of Epo or GM-CSF from the cultures after 48 
hours. In contrast to their actions alone, the combination of 
Epo plus GM-CSF sustained DA-I proliferation (Fig 3C, 
D). However, Epo had little effect on the sustained growth 
stimulated by multi-CSF (Fig 3A, B). These results show 
that Epo cannot convert sustained growth to transient 
growth, and that Epo acts with GM-CSF in almost complete 
synergy to sustain growth beyond the first 48 hours of 
culture. 


Erythroid Differentiation of DA-I Cells 


Obvious erythroid morphologies were not observed in 
cytospin preparations of DA-1 populations after 72 hours of 
culture with Epo (data not shown). Furthermore. the red 
color of hemoglobin was not apparent in centrifuged pellets, 
and these cells contained less than 150 ng hemoglobin per 
200,000 cells (<0.75 pg/cell) compared to 10 to 15 pg per 
BFU-E derived erythroblast.'" Thus, DA-1 cells are not 
strongly induced to erythroid differentiation by Epo. 


DISCUSSION 


We have shown that pure recombinant erythropoietin 
(rEpo) is able to stimulate the growth of the lymphoblastoid 
cell line DA-I and that antibody to Epo specifically blocks 
this response. This is the first report of a cell line whose 
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growth and survival can be mediated by Epo alone. This 
observation should facilitate the development of more conve- 
nient in vitro models for molecular studies of Epo action. 

Whether Epo acts strictly as a growth factor on DA-1 cells 
or is also able to induce differentiation remains to be 
determined with certainty. Although no hemoglobin was 
detected in Epo-treated cells, the assay for hemoglobin has a 
sensitivity limit of approximately 7 x 10° molecules per cell. 
Also, our results do not preclude more subtle differentiated 
properties that may be linked to loss of growth response. 

Regardless of whether Epo (or GM-CSF) induces differ- 
entiation, it is clear that they are able to act in synergy to 
sustain the growth of DA-1 cells. Whether multi-CSF at 
lower concentrations is also a synergist, and whether GM- 
CSF or multi-CSF are able to increase the sensitivity of 
DA-1 cells to Epo is under investigation. 

A comparison of concentrations of Epo necessary for half 
maximal stimuation of growth shows the DA-I response 
(about 0.3 to 0.4 U/mL. Fig 2) to be much nearer the 
immature erythroid progenitor BFU-E (about 0.3 U/mL’) 
than the relatively mature progenitor CFU-E (about 0.03 
U/mL"). Although DA-I cells have been categorized as 
“lymphoblastic,” their phenotype (Thyl”. Ly5°, H-1 1" Jan, 
20 aSDH*) is not incompatible with “immature ery- 
throid."'! Indeed, their growth factor responsiveness (multi- 
CSF, GM-CSF, Epo) and transient responsiveness to Epo 
also places them at a BFU-E stage.’ Thus, by these criteria, 
DA-I cells would appear to be best described as a BFU-E 
transformed to a permanently growing undifferentiated 
state. 
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CORRESPONDENCE 





CLINICAL FEATURES IN LARGE GRANULAR LYMPHOCYTIC LEUKEMIA 


To the Editor: 


The recent article by Chan e: al! attempts to delineate two major 
subtypes of large granular lymphocytic (LGL) leukemia,’ ie, 
patients with CD3+ LGL v patients with CD3-- LGL. In their 
series, CD3+ LGL leukemia patients invariably had neutropenia 
and frequently had rheumatoid arthritis, whereas the patients with 
CD3-~ LGL proliferations did not have these features. These results 
should be interpreted with caution, since only two CD3— LGL 
leukemia patients were studied. We have evaluated 38 patients with 
this disease; six had CD3 — LGL proliferations. No apparant clinical 
differences were observed between patients with CD3+ LGL v those 
with CD3~ LGL. Specifically, neutropenia and rheumatoid arthri- 
tis occurred in some of the CD3~ LGL leukemia patients; converse- 
ly, some patients with CD34 LGL leukemia were not neutropenic. 
Thus it would appear that the clinical disease is similar in patients 
with proliferations of either phenotypic subset of LGL. This is 


substantiated by the recent finding of a clonal cytogenetic abnormal- 
ity in a patient with CD3— LGL preliferation, showing that this 
disorder is also a neoplastic process.’ LGL leukemia, therefore, 
results from a clonal proliferation of either CD34 or CD3— LGL 
that may be associated with rheumatoid arthritis’ or hematologic 
abnormalities such as chronic neutropenia,’ pure red cell aplasia” or 
adult-onset cyclic neutropenia.®” 


THOMAS P. LOUGHRAN, JR 
Fred Hutchinson Cancer Research Center 
Seattle 


GORDON STARKEBAUM 
VA Medical Center 
Seattle 
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To the Editor: 


Drs Loughran and Starkebaum are correct in pointing out that 
one should be cautious in drawing conclusions from clinical features 
observed in a limited number of patients. We have in fact stated in 
our manuscript’ that “More Type B patients have to be studied, 
however, to determine whether the clinical features presented here 
are consistently observed in this type of LGL lymphocytosis.” We 
have now studied a total of four type B (CD3 — ) patients? and one of 
them did have associated neutropenia but rheumatoid arthritis and 
autoantibodies have not been observed yet. A large multinational 
study on LGL lymphocytosis initiated by Dr Pandolfi is now in 
progress and it may help to clarify the similarity and differences in 
clinica] features between these two types of patients. 


While there is close morphologic similarity and also some overlap- 
ping clinical manifestations between Type A (CD3+) and Type B 
(CD3--) LGL lymphocytosis, it is quite clear that CD34 LGL are 
derived from the T cell lineage. whereas CD3-- LGL have little 
indication of T cell differentiation.’ This difference in histogenesis 
and/or differentiation would clearly warrant their separation into 
two subtypes. 


WING C. CHAN 

ELLIOTT F. WINTON 

Robert F. Woodruff Health Sciences Center 
Emory University Hospital 

Atlanta 
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p ANNOUNCEMENTS 





AN OPEN INTERNATIONAL DISCUSSION SYMPOSIUM 
“NEW STRATEGIES IN THE MANAGEMENT OF THROMBOTIC DISORDERS” 


November 12-14, 1987 
Loyola University Medical Center, Maywood, IL 


DISCUSSANTS (PROPOSED) 


N. Bang, Indianapolis, IN V. Gurewich, Boston, MA 
K. Breddin, Frankfurt, W Germany F. Leja, Chicago, IL 
G.V.R. Born, London, England V.J. Kakkar, London, England 
J.P. Caen, Paris, France E.F. Mammen, Detroit, MI 
J. Caprini, Chicago, IL H.L. Messmore, Chicago, IL 
J. Choay, Paris, France J. O’Brien, Portsmouth, UK 
U. Cornelli, Milan, Italy M. Samama, Paris, France 
f J.F. Davidson, Glasgow, UK P. Scanlon, Chicago, IL 
wf J. Fareed, Chicago, IL J. Tobelem, Paris, France 
` M. Gent, Hamilton, Ontario O.N. Ulutin, Istanbul, Turkey 


W.H. Wehrmacher, Chicago, IL 


Topics: Heparin and its derivatives; Ticlopidine—newer antiplatelet drugs; T-PA and related thrombolytic agents; 
Defibrotide and related drugs: viscosity modulators; biotechnology-based products; polytherapy of thrombotic disorders; 
mechanical devices; physical devices; and target-specific agents. 


This is an open symposium and all interested individuals are invited to attend. The program will be available in October and 
will be forwarded to those interested via circulars. No registration fee is required from the participants; however, the 
registration is limited to the first 200. For further information, contact: Dr J. Fareed, Loyola University Medica! Center, 2160 
S First Ave, Maywood, IL 60153. Telephone: (312) 531-3256. 





THE FIRST INTERNATIONAL SYMPOSIUM ON THE THALASSEMIAS IN CHINA 


October 12-15, 1987 
Shanghai, Peoples Republic of China 


Scientific Organizers: Dr Titus H.J. Huisman, Augusta, GA 
Dr Clark Lum, Bethesda, MD 
Dr Zeng Yi-tao, Shanghai, Peoples Republic of China 


The objective of this conference is to bring together experts from different countries to meet with their Chinese colleagues to 
stimulate further research in these diseases and to promote and establish scientific contacts. 

For further information, contact: Dr Titus H.J. Huisman, Medical College of Georgia, Augusta, GA 30912-3331, or write 
to the official travel agent: Amerasia Travel Agency, Inc, 3000 Connecticut Ave, NW, Suite 238, Washington, DC 20008. 
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THE REGULATION OF HEMATOPOIESIS 


August 29-30, 1987 
Tianjing, Peoples Repulic of China 


This workshop will be held under the Chairmanship of Dr Chien Wen-Chieh at (and sponsored by) the Institute of 
Hematology, Chinese Academy of Medical Sciences. The topics to be addressed are: Molecular and cellular regulation of 
hematopoietic progenitor cells, and clinical and preclinical studies of experimental hematology and leukemia. Abstracts must 
be submitted by June 30, 1987, to: 


Dr Song Zengxuan 
Institute of Hematology 
Chinese Academy of Medical Sciences 
288 Nanking Rd 
Tianjing, Peoples Republic of China 


For more information, please contact: Dr Li Lu, Indiana University, Department of Medicine, Clinical Building, Room 379, 
Indianapolis, IN 46223. Telephone: (317) 274-3589. 





BONE MARROW TRANSPLANTATION 


August 31, 1987 
Tianjing, Peoples Republic of China 


This workshop will be held at (and sponsored by) the Institute of Hematology, Chinese Academy of Medical Sciences. 
Presentations on various aspects of bone marrow transplantation will be made by: Fred Appelbaum, C. Dean Buckner, Guido 
Lucarelli, Richard J. O'Reilly, Robertson Parkman, and George Santos. 


For more information, please contact: Dr Clark K. Lum, National Institutes of Health, WW355, Division of Research 
Grants, Bethesda, MD 20892. Telephone: (301) 496-7508. For travel and visa arrangements, please contact: Amerasia Travel 
Agency, Inc, 3000 Connecticut Ave, NW, Suite 238, Washington, DC 20008. Telephone: (202) 232-8877. Telex: 4942109 
ATA WSH. 





FOURTH TERRY FOX CANCER CONFERENCE ON STEM CELLS AND 
AUTOLOGOUS BONE MARROW TRANSPLANTATION 


September 20-22, 1987 
Vancouver, Canada 


The objective of this conference is to bring together both basic sc:entists and clinicians with common interests in 
hematopoietic stem cells, their regulation, and new ways for their use in therapeutic purposes. The conference will highlight 
current results with autologous marrow transplantation, new developments in stem cell biology, purging techniques, clinical use 
of growth factors, and gene transfer. 

The program will consist of two full days of presentations by invited speakers plus a poster session for participants. 
Registration fee: $100 Cdn ($50 for students or trainees). Deadline for reczipt of abstracts: August 1, 1987. 

For registration and abstract forms, contact: Fourth Terry Fox Cancer Conference Organizing Committee, Terry Fox 
Laboratory, BC Cancer Research Centre, 601 W 10th Ave, Vancouver, BC, Canada VSZ 1L3. Telephone (604) 877-6070. 








a ERRATA 





In the article by Parker and Gralnick entitled “Identification of Platelet Glycoprotein IIb/Illa as the Major Binding Site for 
Released Platelet-von Willebrand Factor,” which appeared in the September 1986 issue (Volume 68, pp 732-736), there was 
an error in Table 1. The error is located in the column head over the right hand columns; the superscript exponent “3” was 
omitted. The column head should read “10° Molecules Anti-vWF Bound per Platelet.” 








In the article by Blume et al entitled “Total Body Irradiation and High-Dose Etoposide: A New Preparatory Regimen for 
Bone Marrow Transplantation in Patients With Advanced Hematologic Malignancies,” which appeared in the April 1987 
issue (Volume 69, pp 1015-1020), there was an error regarding one of the 47 marrow transplant recipients in the study: Patient 
183 in Table | had been treated with 25 mg etoposide/kg body weight (as described), 1,000 cGy total body irradiation (instead 
of the reported 750 cGy), and cytosine arabinoside (2 x 5 mg/kg body weight). 
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patients, 1388-1393 
MCLL and terminal steps of differentiation of, 1087-1095 
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B cell(s) (Continued) 
proliferative and differentiative responses of BMT recipient's, to 
T-cell derived factors, 308-315 
malignant, see Malignant B cells 
normal, see Normal B cells 
B cell leukemia, prediction of tumor-associated idiotype levels in 
serum of patients with, 1249-1254 
B cell lymphoma 
prediction of tumor-associated idiotype levels in serum of patients 
with, 1249-1254 
serotherapy of, with IFS MoAb, 584-591 
B-cell mediated immunity following BMTs, 374-375 
B chronic lymphocytic leukemia (B-CLL) 
cytoplasmic Igs in, 1011-1014 
proliferative response of, to IL-2, 1667-1673 
ber gene rearrangement 
chromosome 22, in Ph-positive CML blast crisis, 1082-1086 
T cells lacking, in Ph-pos:tive CML, 1682-1685 
bcr-abl mR NA (messenger ribonucleic acid) in CML, 971-973 
BFU-E (erythroid burst-forming units), regulation of. by riL- 
|-induced fibroblast-conditioned medium, 33-37 
Biochemistry, and distribution of transferrin receptors in parenchy- 
mal and nonparenchymal liver cells, 264-270 
Biologic response modifiers in AML therapy, 1554 
Blast cell(s} 
AML, synergistic action of rGM-CSF and rG-CSf on, 1498- 
1502 
assays of. for umbilical cord blood and adult myeloid progenitors, 
953-956 
from patient with Down’s syndrome and transient myeloprolifera- 
tive disorder, differentiation of, 508-512 
See also Bone marrow blast cell progenitors: Leekemic blast 
cell-colony formation; Leukemic blast cell progenitors 
Blast crisis 
CML, amplification of rearranged c-abi oncogene in, 893-899 
Ph-positive CML, T cell differentiation in, with rearrangement of 
chromosome 22 ber, 1082-1086 
Blood group, ABO, effects of, on vWD diagnosis, 1691-1695 
B lymphoblastoid and lymphoid cells 
anti-CD22 MoAb in detection of normal and malignant, 836-840 
HLA-DR molecules on, 7-11 
B lymphoid tumors, monoclonal anti-idiotype antibodies in treat- 
ment of, 199-210 
BM, see Bone marrow 
BMTs, see Bone marrow transplantations 
Bone marrow (BM) 
erythropoietic repopulating ability of stem cells from, 1021-1025 
role of CSF in myelopoiesis in cultures of, 1211-1217 
stromal growth factor production in cultures of, 1120-1127 
Bone marrow (BM) blast cell progenitors 
adult, 953-956 
with extensive proliferative capacity, 804-808 
influence of CSF-1 on, in recovery from sublethal dosages of 
cyclophosphamide, 913-918 
Bone marrow (BM) cell(s} 
adherent, see Stromal ceils 
antibodies to granulocyte precursors in hypoplasia of, 529-536 
expressing H-25 and H-266 NK cell antigens, 419-429 
expression of HLA-DR and HLA-DQ antigens and mRNA in 
differentiation of, 1225-1236 
la-positive, isolated by avidin-biotin immunoadsorption, BMTs 
with, 1363-1367 
IMPD and maturation o°, 634-639 
leukemic, see Leukemic marrow cells 
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Bone marrow (BM) cell(s) (Continued ) 
role of guanine ribonucleotides in maturation of, 334-337 
SACHE-positive, megakaryocytopoiesis and thymidine incorpo- 
ration by, 290-295 
Bone marrow (BM) cell surface antigens, acute unclassified leuke- 
mia with 4;17 translocation expressing, 271-277 
Bone marrow (BM) erythroid cells 
in anemia, 296-301 
normal development of, 255-263 
Bone marrow (BM) erythropoiesis 
effects of oxygen tensions on, 899-907 
receptor-specific inhibition of, by rlL-2, 1368-1375 
Bone marrow (BM) progenitors 
binding of, to fibroblasts and fibronectin, 587-1594 
leukemic, efficacy of ITs and 4-HC against, in T-lineage ALL, 
361-366 
Bone marrow (BM) purging 
in ABMTs for T-lineage ALL, 361-366 
with anti-B] MoAb for ABMTs, posttransplant hematologic and 
immune recovery and, 597-604 
with diaziquone, 1747-1752 
with etoposide, 65-71 
for HLA-identical allogeneic BMTs, 388-393 
remission marrow purging with alkyi-lysophospholipid for 
ABMTs, 1381-1387 
TBI and high-dose etoposide for, 1015-1020 
Bone marrow (BM) stromal cells, see Stromal cells 
Bone marrow transplantations (BMTs) 
allogeneic, see Allogeneic bone marrow transplantations 
for AML, 1555-1557 
with la-positive BM cells isolated by avidin-biotin immunoadsorp- 
tion, 1363-1367 
kinetics of immune reconstitution after, 369-380 
marrow purging for, see Bone marrow purging 
for preleukemic syndromes, 92-96 
and proliferative and differentiative responses of B cells to T-cell 
derived factors, 308-313 
See also Graft-v-host disease 
BPI (bactericidal /permeability-increasing) protein, neutrophil, 
652-659 
Breakpoint cluster region, see: ber gene rearrangement 
Bsp-! MoAb reacting with basophils, 1414-1418 


C, see Complement 
c-abl oncogene, rearranged in chronic phase and blast crisis in CML, 
893-898 
C albicans (Candida albicans) hyphae, protection from damage to 
vascular endothelial cells by, 1450-1457 
Calcium (Ca) 
cytosolic free, in sickle cells, 1469-1474 
intracellular, and activation of neutrophil O; production by con- 
canavalin A, 762-768 
protease-dependent, spectrin hydrolysis-during platelet activation 
and, 537-545 
cAMP, see Cyclic 3’,5’-adenosine monophosphate 
Canadida albicans {C albicans) hyphae, proiection from damage to 
vascular endothelial cells by, 1450-1457 
Catalytic activity of single-chain UK, 22-26 
Cations, divalent, TSP cell surface expression on thrombin-stimu- 
lated platelets dependent on, and independent of, 58-64 
cDNA (complementary deoxyribonucleic acid) 
cloning and characterization of PF4, derived from HEL cells, 
219-223 
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cDNA (complementary deoxyribonucleic acid) (Continued } 
and factor X mRNA steady-state levels in liver and Hep G2 cells, 
224-230 
See also entries beginning with term: Recombinant 
Cell cycle, differences in characteristics of, in ANLL, 1647-1653 
Cell differentiation, see Differentiation 
Cell surface 
alveolar macrophage and U937, factor XII] expressed on, 778- 
785 
endothelial, formation and functioning of factor IXa-VHI com- 
plex on, 442-445 
expression of TSP, on thrombin-stimulated platelets, 58-64 
of megakaryoblasts, phenotype of, 957-961 
platelet, see Platelet cell surface 
Cell surface antigens, T lymphoid and myeloid, acute unclassified 
leukemia with 4;17 translocation expressing, 271-277 
Cell surface receptors, In(Lu) erythrocyte, abnormalities in, 52-57 
Cellular basis for different HbF levels in sickle cell anemia, 341- 
344 
Central nernous system (CNS) involvement in AML, 1552 
c-fos, see: fos proto-oncogene 
CFU-E (erythroid colony-forming units), NK cell antigens 
expressed by, 419-429 
CFU-GEMM, see Multipotential colony-forming cells 
CFU-GM (granulocyte-monocyte colony-forming units), NK cell 
antigens expressed by, 419-429 
CFU-Meg (megakaryocyte progenitors), mitosis and endomitosis of, 
486-492 
CGD (chronic granulomatous disease), 7D5 MoAb against oyto- 
chrome boc in, 1404-1408 
cGMP (cyclic guanosine 3’,5'-monophosphate), levels of plasma, in 
acute leukemias, 1611-1614 
a-Chain carboxyterminal sequences to platelets, synthetic RGDS 
peptide lacking, 950-952 
8-Chain gene, TCR, see T cell receptor 6-chain gene 
y-Chain gene, TCR, TdT expression preceding rearrangement of, in 
T-ALL, 356-360 
Chemoattractants, neutrophils primed by GM-CSF for enhanced 
oxidative metabolism in response to, 18-21 
Chemotherapy 
for HCL, 980 
induction, see Induction chemotherapy 
TBI compared with, in treatment of indolent lymphoproliferative 
diseases, 1642-1646 
See also specific chemotherapeutic agents 
Childhood T cell acute lymphoblastic leukemia (T-ALL) 
lack of association between chromosome 9 short arm abnormali- 
ties and either lymphomatous features or T cell phenotype in, 
735-738 
7q32-q36 translocation in, 131-134 
T cell differentiation stages identified in, 908-912 
Chimeric univalent derivative of anti-idiotype MoAb in treatment of 
lymphoma, 790-797 
Chlorambucil and prednisone (CP) therapy for indolent lymphopro- 
liferative diseases, TB] compared with, 1642-1646 
Chlorotetracycline (CTC), fluorescence of, in neutrophils, 1146- 
1152 
Chlorpropamide (Chl), white blood cell aplasia induced with, 394- 
400 
Christmas factor (factor IX) gene, absence of common polymor- 
phisms in, 349-352 
Chromosomal aberrations 
in ARC-associated lymphadenopathy, 855-858 
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Chromosomal aberrations (Continued) 
and clinical features of ATL not associated with HTLV-I, 984- 
989 
lack of association between chromosome 9 short arm abnormali- 
ties and either lymphomatous features of T cell phenotype in 
childhood T-ALL, 735-733 
and RBC spherocytosis associated with deletion of chromosome 8 
short arm, 156-159 
rearrangement of chromosome 22 ber in Ph-positive CML blast 
crisis, 1082-1086; see also entries beginning with term: 
Philadel phia-positive 
See also Translocations 
Chronic dermatitis, idiopathic, development of mast cells at sites of, 
1661-1666 
Chronic graft-v-host disease (GVHD) in long-term BMT recipients, 
371 
Chronic granulomatous disease (CGD), 7DS MoAb against cyto- 
chrome bss in, 1404-1408 
Chronic lymphoblastic (and lymphocytic) leukemia (CLL) 
B, see B chronic lymphocytic leukemia 
prognosis of, in untreated patients, 929-936 
Chronic myeloblastic (and myelocytic) leukemia (CML) 
amplification of rearranged c-ab/ oncogene in chronic phase and 
blast crisis of, 893-898 
ber-abl RNA in, 971-973 
IL-2 receptors on hematopoietic receptors in, 1182-1187 
INF-c in, 1280-1288 
Philadelphia-positive, see Phiadelphia-positive chronic myelo- 
cytic leukemia 
Chronic liver disease, predictive markers of, 1595-1599 
Circulation, extracorporeal, neutrophil degranulation during, 324- 
330 
Cirrhosis, liver, pathogenesis of accelerated fibrinolysis in, 1315- 
1319 
cis-Retinoir acid, see Retinoic acid 
Class-IL specific MoAbs, la-like antigens expressed by CFU- 
GEMM and CFU-GM recognized by, 165-172 
Clear cell lymphoma, mediastinal, terminal steps of B cell differen- 
tiation and, 1087-1095 
CLL, see Chronic lymphoblastic (and lymphocytic) leukemia 
Cloning 
of BM stromal cells in control of hematopoiesis, 682-69] 
of myeloid leukemia cells, RA stimulating, 302-307 
of NK cells in regulation of hematopoiesis, 246-254 
of PF4 DNA derived from HEL cells, 219-223 
See also entries beginning with term: Monoclonal 
Clonogenic cells, presence of, in high-grade malignant lymphoma, as 
prognostic factor, 1307-1314 
Clotting protein, factor IX Alabame as point mutation in, resulting in 
hemophilia B, 141-143 
CML, see Chronic myeloblastic (and myelocytic) leukemia 
c-myb and c-myc proto-oncogenes, expression of, in monocytes, 


1542-1545 
CNS (central nervous system) involvement in AML, treatment of, 
1554 


Coagulation 
and coagulant activity of omental tissue microvessel and umbilical 
vein endothelial cells, 964-967 
inhibition of initiation of extrinsic pathway of, 645-651 
See also Platelet(s); Procoagulant activity; specific coagulation 
factors, and entries beginning with element: Thromb- 
Collagen-induced platelet aggregation 
defective, in autoimmune thrombocytopenia, 1712-1720 
inhibited by SZ 2 MoAb to GPIb, 570-577 
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Colony-stimulating activity (CSA) 
GM.-, effects of lithium on generation of, 117-123 
production of, by normal and malignant B cells, 1340-1347 
Colony-stimulating factor(s) (CSFs) 
GM.-, see Granulocyte-macrophage cclony-stimulating factor 
lipopolysaccharide- and IL-l-induced production of, 682-691 
1G-, effects of, on hematopoietic injury due to 5-FU, 353-360 
role of, in myelopoiesis, 1211-1217 
Colony-stimulating factor-1 (CSF-1), influence of, on myeloid pro- 
genitors in recovery from sublethal dosages of cyclophospha- 
mide, 913-918 
Colony-stimulating factor-1 (CSF-1) gene, expression of, by mono- 
cytes, 1409-1413 
Complement (C) 
marrow depleted of T cells with, to prevent GVHD, 388-393 
role of pGP-1 and LFA-1 in antibody-dependent platelet cytotox- 
icity involving, 211-219 
Complementary DNA, see cDNA 
Concanavalin A (Con A), production of neutrophil O; activated by, 
_ 762-768 
Cl-inhibitor, t-PA circulating as complexes with PAI-1 and, 1600- 
_ 1604 
Cl-inhibitor proteins, interactions between C15 and plasma kalli- 
krein with normal and dysfunctional, in patients with heredi- 
tary angioneurotic edema, 1096-F101 
c-raf proto-oncogene, expression of, on hematopoietic cells, 1437- 
1440 
Cryoglobulins, monoclonal IgG, 677-681 
Cs (cyclosporine), prevention of platelet alloimmunization with 
ultraviolet irradiation, and, 414-418 
CSA, see Colony-stimulating activity 
CSFs, see Colony-stimulating factor(s) 
CTC (chlorotetracycline) fluorescence of, in neutrophils, 1146- 
1152 
Cutaneous T cell lymphoma (CTCL) cells, circulating, prognosis 
and, 841-849 
Cyclic 3',5’-adenosine monophosphate (CAMP) 
erythropoietin secretion stimulated by, 1053-1057 
plasma levels of, in acute leukemias, 1613-1616 
Cyclic guanosine 3’,5’-monophosphate (cGMP), levels of plasma, in 
acute leukemias, 1613-1616 
Cyclophosphamide, influence of CSF-1 on myeloid progenitors in 
recovery from sublethal dosages cf, 913-918 
Cyclosporine (Cs), prevention of platelet alloimmunization with 
ultraviolet irradiation and, 414-418 
Cytochrome bss, 7D5 MoAb against, in CGD, 1404-1408 
Cytogenetics 
correlation between histology and, in malignant lymphoma, 97- 
102 
of intermediate lymphocytic lymphoma, 1617-1621 
Cytometry, see Flow cytometric analysis 
Cytoplasmic immunoglobulins (Cylgs), in B-CLL, 1011-1014 
Cytosine arabinoside (1-B-D-arabinofuranosyleytosine; Ara-C) 
correlation between perturbed growth kinetics of marrow cells and 
intracellular metabolism of, with clinical response in adult 
AML, 1134-1140 
high-dose, mitoxantrone and, for refractory AML, 744-749 
Cytosolic free calcium in sickle cells, 1469-1474 


DA-I cell line, identification of, 1782-1785 

Deaminase, adenosine, levels of, in lymphoid malignancies related to 
mRNA present, 1376-1380 

Deferoxamine (DFO), effects of, in neonatal acute leukemia, 757- 
76) 
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Deformability, RBC, see Red blood cell deformability 
Degranulation, neutrophil, during extracorporeal circulation, 324- 
330 
Dehydrogenase, IMP, myeloid cell maturation and, 634-639 
Dense granules, immature, in platelet SPD, 1300-1306 
Deoxynucleotidy! transferase, terminal, expression of, preceding T 
cell receptor 8-gene and y-chain rearrangement in T-ALL, 
356-360 
Deoxyribonucleic acid, see DNA 
Dermatitis, idiopathic chronic, development of mast cells at sites of, 
1661-1666 
DFO (deferoxamine), effects of, in neonatal acute leukemia, 757- 
761 
DFP (diisopropylfiuorophosphate), stabilization of glucocorticoid 
receptors in leukemia cells with, 750-756 
Diagnosis 
of Fanconi’s anemia, 1637-1641 
prenatal, of 8-thalassemia, 1141-1145 
of vWD, effects of ABO blood group on, 1691-1695 
Diapedesis of neutrophils, vasoactive amines modifying endothelial 
cells to affect, 1563-1569 
Diaziquone, BM purging with, 1747-1752 
DIC (disseminated intravascular coagulation), protein C level dur- 
ing, 1704-1711 
Differentiating agents in AML therapy, 1554 
Differentiation 
B cell, MCLL and terminal steps of, 1087-1095 
blast cell, in Down’s syndrome with transient myeloproliferative 
disorder, 508-512 
differentiative responses of B cells from BMT patients to T-cell 
derived factors, 308-313 
granulocyte and monocyte, DNA strand breakage and ADP- 
ribosylation-dependent DNA ligation patterns during, 1114- 
1119 
HL-60 cell, see HL-60 cell differentiation monocyte, correlated 
with c-fos, c-myb, and c-myc expression, 1542-1545 
myeloid, HLA-DR and HLA-DQ antigens and mRNA expres- 
sion in, 1225-1236 
of normal neutrophils, 937-944 
T cell, see T cell differentiation 
terminal, in myelomonocytic and monocytic leukemias, 160-164 
Differentiation-specific antigen on normal and malignant erythroid 
cells, 103-108 
Diisopropylfiuorophosphate (DFP), stabilization of glucocorticoid 
receptors in leukemia cells with, 750-756 
aß-Dimers of hemoglobin, 3-4 
Dipyridamole, UK production stimulated by, and procoagulant 
activity of alveolar macrophages suppressed by, 660-667 
Disseminated intravascular coagulation (DIC), protein C level dur- 
ing, 1704-1711 
Disulfide bonds, interchain vWF, 27-32 
Divalent cations, TSP cell surface expression on thrombin-stimu- 
lated platelets dependent on, and independent of, 58-64 
DNA (deoxyribonucleic acid) 
detection of hemophilia A carriers using intragenic factor VHEC 
DNA polymorphisms, 1539-1541 
gp55 monocyte membrane antigen expressed by fibroblasts after 
gene transfer mediated by, 886-892 
of plasmid-containing E coli minicells, ingested by neutrophil, 
1394-1400 
strand breakage patterns and ligation of, during granulocyte and 
monocyte differentiation, 1114-1119 
See alsocDNA 
Donor platelets, Cs-loading of, to prevent alloimmunization, 414- 
418 


1801 


Downs’ syndrome, blast cell differentiation in transient myeloprolif- 
erative disorder with, 508-512 
Drugs, see Chemotherapy and specific drugs 


E coli (Escherichia coli) minicells, fate of DNA of plasmid- 
containing, and ingested by neutrophils, 1394-1400 
Edema, hereditary angioneurotic, interactions between plasma kalli- 
krein and C15 with normal and dysfunctional Cl-inhibitor 
proteins in patients with, 1096-1101 
Ektacytometry, sickle cell deformability measured by, 316-323 
Elastase, neutrophil, a-thrombin function altered by, 813-819 
Electrolyte metabolism, In(Lu) erythrocyte in, 52-57 
Elliptocytosis, hereditary, variant of spectrin a subunit in, 473-479 
Elliptocytosis, spectrin Nice in, 1759-1765 
Endocytosis of thrombin-thrombomodulin complexes inhibited by 
protein C in AS49 lung cancer cells and umbilical vein 
endothelial cells, 1481-1484 
Endomitosis of CFU-Meg, 486-492 
Endothelial adherence of sickle cells reduced with Pluronic F-68, 
1631-1636 
Endothelial cell(s) 
effects of IL-1 on function of, 695-699 
omental tissue microvessel, coagulant and fibrinolytic activities 
of, 964-967 
umbilical vein, see Umbilical vein endothelial cells 
vascular, protection from damage to, by C albicans hyphae 
mediated by neutrophils, 1450-1457 
vasoactive amines modifying. to affect neutrophil diapedesis, 
1563-1569 
Endothelial cell surface, formation and functioning of factor IXa- 
VHI complex on, 442-445 
Endothelial glycoprotein Hb/IHa (GPHb/Hla) in Glanzmann’s 
thrombasthenia, 809-812 
Enzymes 
immunosorbent assays of free, one-chain t-PA in plasma, 284- 
289 
Taqi restriction, factor XII gene alteration in Hageman trait 
detected with, 1421-1424 
thrombin-like scu-PA inactivation by, 769-772 
See also specific enzymes 
EPO, see Erythropoietin 
Erythrocytes, see Red blood cell(s} 
Erythroid burst-forming units (BFU-E), regulation of, by rIL- 
I-induced fibroblast-conditioned medium, 33-37 
Erythroid cells 
BM, see Bone marrow erythroid cells 
neonatal and adult, INF-y altering globin gene expression in, 
1674-1681 
normal and malignant differentiation-specific antigens on, 103- 
108 
Erythroid colony-forming units (CFU-E), NK cell antigens 
expressed by, 419-429 
Erythroid progenitors 
binding of, to fibroblasts and fibronectin, 1587-1594 
binding and internalization of recombinant EPO in, 1485-1490 
Erythroleukemia cells, human, see Human erythroleukemia cells 
Erythropoiesis 
in autoimmune hemolytic anemia, 820-826 
BM, see Bone marrow erythropoiesis 
stimulative effects of fetal BM and liver stromal cells on, 135-139 
Erythropoietic repopulating ability of stem cells, 1021-1026 
Erythropoietin (EPO) 
in leukemic blast cell-colony formation, 546-552 
recombinant, binding and internalization of, in erythroid precur- 
sors, 1485-1490 
secretion of, stimulated by cAMP, 1053-1057 
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Erythropoietin-sensitive cell line. identification of, 1782-1785 
Escherichia coli {E coli) minicells, fate of DNA of plasmid- 
containing, and ingested by neutrophils, 1394-1400 
Esterase, nonspecific, from normal and leukemic monocytes, 1574- 
1579 
Etoposide (VP16-213) 
BM cell purging with, 65-71 
high-dose, and TBI in preparation for BMT, 1015-1020 
Extracellular matrix, binding of vWF released from Weibel-Palade 
bodies to, 1531-1534 
Extracorporeal circulation, neutrophil degranulation during, 324- 
330 


F-actin, content of, in neonatal and adult neutrophils, 945-949 
Factor V, isolation of, 1188-1195 
Factor VHI, component of preparations of, down modulating mono- 
cyte functions, 1153-1160 
Factor VHEC DNA polymorphisms, detection of hemophilia A 
carriers using intragenic, 1539-1541 
Factor VIH inhibitors, IgG and polypeptide specificity of, deter- 
mined by immunoblotting, 1475-1480 
Factor IX (Christmas factor) gene, absence of common polymor- 
phisms in, 349-352 
Factor IXa-VIH complex on endothelial cell surface, 442-445 
Factor IX aytama: aS point mutation in clotting protein resulting in 
hemophilia B, 140-143 
Factor X mRNA (messenger ribonucleic acid), levels of, in liver and 
Hep G2 cells, 224-230 
Factor XH (Hageman factor) gene, alteration of, in Hageman trait, 
detected by Taqi restriction enzyme, 1421-1424 
Factor XHl on U937 and alveolar macrophage surface, 787-785 
Factor XHla, formation of, promoted by complexing a-thrombin, 
fibrin, and plasma factor XHI, 867-871 
Fanconi’s anemia, diagnosis of, 1637-1641 
Favism, as impairment of proteolytic systems in RBCs, 1753-1758 
Fetal bone marrow (BM) and liver stromal cells, stimulative effects 
of, on erythropoiesis, 135-139 
Fetal hemoglobin, see HbF 
Fg, see Fibrinogen 
Fibrin 
binding of, and inactivation of scu-PA by thrombin, 769-772 
factor XIla formation promoted by complexing plasma factor 
XIE, a-thrombin and, 867-871 
PAI as regulator as ancrod-induced deposition of, 798-804 
B-Fibrin lacking fibrinopeptide B, 1073-1081 
Fibrin | and II in thrombi and atherosclerotic lesions characterized 
by immunochemistry, 1038-1045 
Fibrinogen (Fg) 
effects of neutrophil elastase on a-thrombin and, 813-819 
in thrombi and atherosclerotic lesions characterized by immuno- 
chemistry, 1038-1045 
Fibrinogen binding 
AP3 and Tab MoAbs inhibiting ADP-induced platelet aggrega- 
tion without blocking, 668-676 
inhibited by synthetic RGDS peptide, 950-952 
Fibrinolysis 
by omental tissue microvessel and umbilical vein endothelial cells, 
964-967 
pathogenesis of accelerated, in liver cirrhosis, 1315-1319 
plasma, see Plasma fibrinolysis 
in pregnancy, 460-466 
Fibrinopeptide B (FPB), §-fibrin lacking, 1073-1081 
Fibroblasts 
erythroid and meyloid progenitors binding to, 1587-1594 
gp55 monocyte membrane antigen expressed by, after DNA- 
mediated gene transfer, 886-892 
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Fibroblast-conditioned medium, regulation of hematopoeitic pro- 
genitors by, 33-37 
Fibroblast fibronectin (Fn) receptor, membrane protein complex 
expressed by platelets immunologically related to, 1535- 
1538 
Fibronectin (Fn) 
adherence of HEL cells to, as evidence for M, 190,000-receptor 
protein, 578-583 
erythroid and meyloid progenitors binding to, 1587-1594 
Flow cytometric analysis 
of normal erythroid development in BM, 255-263 
of platelet secretion heterogeneity in response to thrombin, 1401- 
1403 
S-Fluorouracil (5-FU), effects of rG-CSF on hematopoietic injury 
due to, 353-360 
Fn, see Fibronectin 
fos proto-oncogene (c-fos) 
expression of, in acute myelomonocytic and monocytic leukemias, 
160-164 
expression of, in monocytes, 1542-1545 
4:17 translocation, acute unclassified leukemia with, expressing T 
lymphoid and myeloid surface antigens, 271-277 
FPB (fibrinopeptide B), 8-fibrin lacking, 1073-1081 
Free, one-chain tissue-type plasminogen activator (t-PA) in plasma, 
enzyme-linked immunosorbent assay of, 284-289 
FTFI48 MoAb antigen expressed by HTLV-I-infected cells 
detected with, 430-436 
5-FU (S-fluorouracil}, effects of rG-CSF on hematopoietic injury 
due to, 353-360 


G-CSF, see Granulocyte colony-stimulating factor 
Gelatinase, relationship between plasma membrane GPMol release 
and expression of, 605-610 
Gender, and protein S status, 692-694 
Gene(s) 
ber, see: ber gene rearrangement 
CSF-1, expressed by monocytes, [409-1413 
and detection of hemophilia A carriers with intragenic factor 
VHC DNA polymorphisms, 1539-1541 
factor IX, absence of common polymorphisms in, 349-352 
factor XII, altered in Hageman trait, and detected by, by Tagi 
restriction enzyme, 1421-1424 
globin, see Globin gene 
Ig, see lg gene rearrangement 
product of HTLV-IH/LAV Poi, 331-333 
T cell y, in hematologic neoplasms, 968-970 
TCR, see T cell receptor 8-chain gene: T cell receptor y-chain 
gene; T cell receptor gene 
See also Oncogene 
Gene transfer 
DNA-mediated, gp55 monocyte membrane antigen expressed by 
fibroblasts after, 886-892 
to normal and malignant hematopoietic progenitors using retrovi- 
ruses, 611-617 
Glanzmann’s thrombasthenia 
platelet aggregation in whole blood of patients with, 38-42 
synthesis and expression of GPHb/Ila in, 809-812 
type I, immunoblotting of GPIlla to differentiate patients with, 
1696-1703 
Globin gene, expression of, in neonatal and adult erythroid cells 
altered by INF-y, 1674-1681 
a Globin gene, levels of HbF in SS disease and number of, 341-344 
B Globin gene, HbF production and expression of, 1109-1113 
å Globin gene, HbF production and expression of, 1109-1113 
Ay Globin gene promoter, C to T substitution at position — 196 of, in 
68°-thalassemia, 1058-1061 
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Sy Globin gene, relationship between HbF level and level of, in 
Bantu haplotype sickle cell anemia, 1026-1030 
& Globin haplotypes in sickle cell disease, 1742-1746 
Glucocorticoid receptors, and receptor mRNA in leukemia cells, 
750-756 
Glucose-6-phosphate dehydrogenase (G6PD) of P falciparum, 1528- 
1530 
Glutathione reductase (GRED), role of, in maintaining granulocyte 
function and sensitivity to H,O,, 493-500 
Glycophorins, polymorphism of, 618-624 
Glycoproteins (GPs), see specific glycoproteins 
GM-CSA (granulocyte-macrophage colony-stimulating activity), 
effects of lithium on generation of, 117-123 
GM-CSF, see Granulocyte-macrophage colony-stimulating factor 
gp53 monocyte membrane antigen expressed by fibroblasts after 
DNA-mediated gene transfer, 886-892 
GPs (glycoproteins), see specific glycoproteins 
Graft-v-host disease (GVHD) 
acute, in short-term BMT recipients, 370-371 
chronic, in long-term BMT recipients, 371 
T-cell depleted marrow preventing, 388-393 
Granular cells, variation in phenotype and cytotoxic activities of, in 
T8 hyperlymphocytosis, 1204-1210 
Granules, immature dense, in platelet SPD, 1300-1306 
Granulocyte(s) 
DNA strand breakage and ligation patterns during differentiation 
of, 1114-1119 
rT NF activating, 640-644 
role of GRED in maintaining function of and sensitivity of, to 
H,0,, 493-500 
Granulocyte colony-stimulating factor (G-CSF) 
effects of, on promoting growth of AML cells, 1771-1776 
See also Recombinant granulocyte colony-stimulating activity 
Granulocyte-macrophage colony-stimulating activity (GM-CSA), 
effects of lithium on generation of, 117-123 
Granulocyte-macrophage colony-stimulating factor (GM-CSF) 
effects of, in promoting growth of AML cells, 1771-1776 
expression of macrophage-specific CSF in monocytes treated 
with, 1259-1261 
recombinant, see Recombinant granulocyte-macrophage colony- 
stimulating factor 
Granulocyte-monocyte colony-forming units (CFU-GM), NK cell 
antigens expressed by, 419-429 
Granulocyte precursors, antibodies to, in myeloid hypoplasia, 529- 
536 
Granulomatous disease, chronic, 7D5 MoAb against cytochrome 
bsss in, 1404-1408 
Granulopoiesis, regulatory role of riL-2-responsive T cells in, 1161- 
1166 
GRED (glutathione reductase), role of, in maintaining granulocyte 
function and sensitivity to H,O,, 493-500 
Growth factors 
activities of, on enriched hematopoietic progenitors, 1508-1523 
See also specific growth factors 
G6PD (glucose-6-phosphate dehydrogenase) of P falciparum, 1528- 
1530 
Guanine ribonucleotides, role of, in regulation of myeloid cell 
maturation, 334-337 
GVHD, see Graft-v-host disease 


Hageman trait, factor XH gene altered in, and detected by Taq] 
restriction enzyme, 1421-1424 
Hairy cell leukemia (HCL) 
INF-a therapy of, 981-982, 1570-1573 
responses to rl FN-a-2b in advanced, 872-877 
treatment of, 979-983 
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Haplotype 
Bantu, relationship between °y and HbF level in sickle cell 
anemia with, 1026-1030 
8 globin, in sickle cell disease, 1742-1746 
Hb (hemoglobin) 
subunit assembly of, as determinant of hematologic phenotype, 
1-6 
Tf-Ga inhibiting production of, 144-149 
HbF (fetal hemoglobin) 
HU-induced increase in, in sickle cell anemia, 109-116 
levels of, in sickle cell disease, 341-344, 1742-1746 
MCH content of cells with, 1109-1113 
relationship between °y level of, and levels of, in Bantu haplotype 
sickle cell anemia, 1026-1030 
Hb SC disease, xerocytosis of, 124-130 
Hb SS disease, see Hb SC disease; Sickle cell(s); Sickle cell anemia 
and disease 
4-HC (4-hydroperoxycyclophosphamide). immunotoxins and, for 
marrow purging, 361-366 
HCL, see Hairy cell leukemia 
HE (hereditary elliptocytosis), variant of spectrin subunit in, 473- 
479 
HEL cells, see Human erythroleukemia cells 
Hematocrit (Ht), effects of, on RBC deformability in shear flow, 
727-734 
Hematologic effects of LAK cell and rIL-2 therapy for cancer, 
1654-1660 
Hematologic neoplasms 
T cell y gene rearranged in, 968-970 
See also specific neoplasms 
Hematologic phenotype, subunit assembly of hemoglobin as deter- 
minant of, 1-6 
Hematologic recovery following ABMT with anti-B! MoAb-purged 
marrow, 597-604 
Hematopoiesis 
BM stromal cell in control of, 682-691 
effect of lithium on generation of GM-CSA in, 117-123 
regulation of, by NK cells, 246-254 
relationship between stimulators and inhibitors of, 513-52] 
suppression of, in aplastic anemia, IN F-y and, 629-633 
Hematopoietic cells, c-raf proto-oncogene expression in, 1437-1440 
Hematopoietic injury, effects of rG-CSF on, due to 5-FU, 353-360 
Hematopoietic progenitors 
activities of growth factors on enriched, 1508-1523 
IL-2 receptors on, in CML, 1182-1187 
malignant, gene transfer to, using recombinant retroviruses, 61 1- 
617 
normal, see Normal hematopoietic progenitors regulation of, by 
riL-l-induced fibroblast-conditioned medium, 33-37 
Hematopoietic stem cells 
effects of malaria on, 408-413 
erythropoietic repopulating ability of, 1021-1026 
pluripotent, la-like antigens expressed by, 165-172 
Hemoglobin, see Hb 
Hemolytic anemia 
autoimmune, erythropoiesis in, 820-826 
nofimensine-induced immune, antibody sensitization and attach- 
ment to RBCs in, 1006-1010 
Hemophilia 
defective B cell function in HTLV-IH/LAV-positive patients 
with, 1388-1393 
predictive markers of chronic liver disease in, 1595-1599 
Hemophilia A 
detection of carriers of, using intragenic factor VIEC DNA 
polymorphisms, 1539-1541 
liver transplantation in, 1721-1724 
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Hemophilia B, factor IX Ambama resulting in, 141-143 
Hep G2 cells, levels of MRNA in, 224-230 
Heparin 
binding defects of, in AT-IH Rouen, 1275-1279 
during induction chemotherapy for API, 187-191 
Hepatic tumors, plasma prothrombin in, 850-854 
Hereditary angioneurotic edema, interactions between plasma kalli- 
krein and C15 with normal and dysfunctional Cl-inhibitor 
proteins in patients with, 1096-1101 
Hereditary elliptocytosis (HE), variant of spectrin subunit in, 473- 
479 
High-dose cytosine arabinoside, mitoxantrone and, for refractory 
AML, 744-749 
High-dose etoposide, TBI and, in preparation for BMT, 1015-1020 
High-grade malignant lymphoma, presence of clonogenic cells in, as 
prognostic factor, 1307-1314 
Histology, correlations between cytogenetics and, in malignant 
lymphoma, 97-102 
HL-60 cell(s) 
antibodies to granulocyte precursors in myeloid hypoplasia 
detected by, 529-536 
IMPD and maturation of, 634-639 
HL-60 cell differentiation 
induced with rIFN and RA, 501-507 
TNF with RA and IFN-y inducing growth inhibition and, 1218- 
1224 
HLA-DR molecules on autologous ALL and B lymphoblastic cells, 
7-11 
HLA-identical allogeneic bone marrow transplantations (BMT). 
T-cell depleted marrow preventing GVDH in, 388-393 
HLA-DR and HLA-DQ antigens, expression of, in myeloid differen- 
tiation, 1225-1236 
H,O2 (hydrogen peroxide), GRED granulocyte sensitivity to, 493- 
500 
Hodgkin's disease, killing defect of NK cells in, 1686-1690 
Homocystinuria with associated reduced methionine synthase activ- 
ity and neonatal megaloblastic anemia responsive to vitamin 
B12, 1128-1133 
Hormonal therapy for HCL, 980 
Ht (hematocrit), effects of, on RBC deformability in shear flow, 
727-734 
HTLV-I (human T-lymphotropic virus 1) 
chromosomal! aberrations and clinical features of ATL not asso- 
ciated with, 984-989 
FTF148 MoAb detecting antigen expressed in cells infected with, 
430-436 
loss of requirement for IL-2 in T cell colony generation defining 
early event in infections with, 12-17 
mother-to-offspring transmission of, 1255-1258 
susceptibility of peripheral MNC of leukemic patients to infec- 
tions by, 1175-1181 
HTLV-II/LAV (human T lymphotropic virus-IH /lymphadenopa- 
thy virus) 
defective B cell function of hemophilia patients positive for, 
1388-1393 
immunogenic nature of Pol gene product of, 331-333 
natural antibodies against antigens of, 437-441 
See also AIDS 
H-25 and H-366 NK cell antigens expressed by immature myeloid 
cells, CFU-E, and CFU-GM, 419-429 
HU (hydroxyurea), effects of. on HbF production in sickle cell 
disease, 109-116 
Human erythroleukemia (HEL) cells 
adherence of, to Fn, as evidence for M, 190,000-receptor protein, 
578-583 
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HTLV-II/LAV (Continued) 
cloning and characterization of PF4 cDNA derived from, 219- 

223 

Human recombinant DNA products, see entries beginning with 
term: Recombinant 

Human T lymphotropic virus, see HTLV-l; HTLV-HI/LAV 

Hydrogen peroxide (H,O,), GRED granulocyte sensitivity to, 493- 
500 

Hydrolysis of spectrin by calcium-dependent protease during plate- 
let activation, 537-545 

4-Hydroperoxycyclophosphamide (4-HC), immunotoxins and, for 
marrow purging, 361-366 

Hydroxyurea (HU), effects of, on HbF production in sickle cell 
disease, 109-116 

Hyperlymphocytosis, T8, phenotype and cytotoxic activities of gran- 
ular cells in, 1204-1210 

Hyphae, C albicans, protection from damage to vascular endothelial 
cells by, mediated by neutrophils, 1450-1457 

Hypoplasia, BM cell, antibodies to granulocyte precursors in, 529- 
536 


Idiopathic chronic dermatitis, development of mast cells at 
sites of, 1661-1666 
la-like antigens expressed by pluripotent hematopoietic stem cells 
and CFU-GM, and recognized by class-II specific MeAbs, 
165-172 
la-positive bone marrow cells, BMTs with, isolated by avidin-biotin 
immunoadsorption, 1363-1367 
ID (iron deficiency), neutrophil function and, 1464-1468 
Idiotype, prediction of tumor-associated levels of, in serum of 
patients with B cell leukemia or lymphoma, {249-1254 
IF5 (anti-CD20) MoAb, serotherapy of B cell lymphoma with, 
584-591 
Ig(s) (immunoglobulins), cytoplasmic, in B chronic lymphecytic 
leukemia, 1011-1014 
lg (immunoglobulin) gene rearrangement 
absence of, in ANLL, 87-91 
in lymphoma and leukemia, 79-86 
IgG (immunoglobulin G) 
bound to platelet surface in patients with immune and nonimmune 
thrombocytopenia, 278-283 
factor VIII inhibitor, determined by immunoblotting, 1475-1480 
platelet-associated, in immune and nonimmune thrombocytope- 
nia, 1294-1299 
igG (immunoglobulin G} cryoglobulins, monoclonal, characteriza- 
tion of, 677-681 
IL, see Interleukin 1: Interleukin 2 
Immune hemolytic anemia, nofimensine-induced, antibody sensiti- 
zation and attachment to RBCs in, 1006-1010 
Immune recovery 
following ABMT with anti-B] MoAb-purged marrow, 596-704 
kinetics of post-BMT, 369-380 
Immunity, T- and B-cell mediated, following BMTs, 372-375 
Immunoadsorption, avidin-biotin, Ia-positive BM cells isolated by, 
for BMTs, 1363-1367 
Immunoblotting 
factor VIII inhibitor IgG and polypeptide specificity determined 
by, 1475-1480 
glycophorin polymorphism determined by, 618-624 
with GPHla to differentiate among patients with type I Glanz- 
mann’s thrombasthenia, 1696-1703 
Immunochemistry, fibrinogen, fibrin I and H in thrombi and athero- 
sclerotic lesions characterized by, 1036-1045 
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Immunocytochemistry for 7D5 MoAb antigen detection in periph- 
eral blood phagocytes of normal subjects, patients with CGD, 
and their carrier mothers, 1404-1408 
Immunogenic nature of HTLV-HI/LAV Pol gene product, 331- 
333 
Immunoglobulins, see entries beginning with acronym: ig 
Immunophenotype in intermediate lymphocytic lymphoma, 1617- 
1621 
Immunoradiometry in measurement of tPA-related antigen in plas- 
ma, 1348-1355 
Immunosorbent assays, enzyme-linked, in measurement of free, 
one-chain plasma t-PA, 284-289 
Immunotherapy 
of AML, 1554 
See also specific immunotherapeutic modalities 
Immunothrombocytopenia 
IgG bound to platelet surface in, 278-283 
platelet aggregating factor in patients with defective collagen- 
induced platelet aggregation and, 1712-1720 
platelet-associated IgG in, 1294-1299 
thrombocytopoietic response to, 192-198 
Immunotoxins (ITs) 
anti-pan-T cell ricin A-chain, amantadine potentiating T cell 
killing by, 345-348 
and 4-HC for marrow purging in ABMTs, 361-366 
IMPD (inoside monophosphate dehydrogenase), myeloid cell matu- 
ration and, 634-639 
Indolent lymphoproliferative diseases, TBI compared with chemo- 
therapy in treatment of, 1642-1646 
Induction chemotherapy 
for APL, heparin administration during, 187-191 
postinduction, see Postinduction regimens 
remission, see Remission induction regimens 
INF, see Interferon 
Infant acute nonlymphoblastic leukemia (ANLL), chromosomal 
translocations in, 1289-1293 
Inheritance 
autosomal recessive, type Ha vWD with, 1419-1420 
and mother-to-offspring transmission of HTLV-I, 1255-1258 
See also Chromosomal aberrations; Cytogenetics; DNA; Gene(s); 
Haplotype; Immunophenotype; mRNA; Mutations; Pheno- 
type and entries beginning with term: Hereditary 
Injury 
hematopoietic, effects of rG-CSF on, due to 5-FU, 353-360 
pulmonary, prevention of, by activated neutrophils preincubated 
with anti-Mol MoAb, 1167-1174 
In(Lu) erythrocytes, morphology, cell surface receptors, and electro- 
lyte metabolism of, 52-57 
Inosine monophosphate dehydrogenase (IMPD), myeloid cell matu- 
ration and, 634-639 
Interchain disulfide bonds, vWF, order of formation and topology of, 
27-32 
Interferon (INF), recombinant, see Recombinant interferon 
Interferon-a (IN F-a) 
for CML, 1280-1288 
for HCL, 981-982, 1570-1573 
Interferon-y (INF-y) 
in aplastic anemia, 629-633 
globin gene expression in neonatal and adult erythroid cells 
altered by, 1674-1681 
TNF and RA with, inducing differentiation and growth inhibition 
of HL-60 cells, 1218-1224 
Interleukin I (IL-1) 
CSF production induced by, 682-691 
effects of, on endothelial cells, 695-699 
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Interleukin 1 (IL-1) (Continued) 
recombinant, regulation of hematopoietic progenitors by fibro- 
blast-conditioned medium induced with, 33-37 
Interleukin 2 (IL-2) 
B-CLL proliferative response to, 1667-1673 
NK cells in LGL leukemia activated with anti-CD3 and, 72-78 
and T cell colony generation defining early event in HTLV-I 
infection, 12-17 
recombinant, see Recombinant interleukin 2 
Interleukin 2 (IL-2) receptors 
functional characterization of, 1667-1673 
on hematopoietic precursors in CML, 1182-1187 
Intermediate lymphocytic lymphoma, immunophenotypic and cyto- 
genetic findings on, 1617-1621 
Intracellular calcium (Ca), and activation of neutrophil O; produc- 
tion by concanavalin A, 762-768 
Intracellular metabolism, Ara-C, correlation between perturbed 
marrow cell growth kinetics and, with clinical response in 
adult AML, 1134-1140 
intracytoplasmic antigen of monocyte/macrophage lineage, Ki-M8 
MoAb reactive with, 1320-1327 
Intravascular coagulation, disseminated, protein C level during, 
1704-1711 
Iron deficiency (ID), neutrophil function and, 1464-1468 
Irradiation 
of lectin producing stromal growth factor, 1120-1127 
total body, see Total body irradiation 
ultraviolet, prevention of platelet alloimmunization with Cs 
and, 414-418 
IFs, see Immunotoxins 


JTP-1 and JTP-2 MoAbs to discrete regions of a,-plasma inhibitor, 
446-453 


Kallikrein, see Plasma kallikrein 

Ki-M8 MoAb reactive with intracytoplasmic antigen of monacyte/ 
macrophage lineage, 1320-1327 

Kinase C, protein, and activation of neutrophil NADPH-oxidase, 
711-720 


Lactoferrin (Lf), neutrophil-derived, inhibiting mixed lymphocyte 
reactions, } 328-1333 
LAK (lymphokine-activated killer) cells, hematologic effects of 
therapy with rIL-2 and, 1654-1660 
Large granular lymphocyte (LGL) leukemia, NK cells in, activated 
by anti-CD3 MoAb and IL-2, 72-78 
LAV (lymphadenopathy virus), see HTLV-IH/ LAY 
Lectin, irradiated, stromal growth production in, 1120-1127 
Leu MS glycoprotein, recurrent bacterial infections and deficiency 
in, 1620-1630 
Leukemia 
ig and TCR gene rearrangements in, 79-86 
See also specific types of leukemia 
Leukemic blast cell-colony formation in EPO cultures, 546-552 
Leukemic blast cell progenitors 
AML, sensitivity of, to 5-azacytidine, 553-559 
BM, with extensive proliferative capacity, 804-808 
effects of rT NF on, 467-472 
Leukemic cells 
characterization of glucocorticoid receptors and receptor mRNA 
in, 750-756 
See also specific types of leukemic cells 
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Leukemic marrow cells 
correlation between perturbed growth kinetics of, and intracellu- 
lar Ara-C metabolism with clinical response in adult AML, 
1134-1140 
purging of, see Bone marrow purging 
RA stimulating growth of, 302-307 
rINF, ri NF-a, and rINF-8 action on, 721-726, 1102-1108 

Leukemic marrow progenitors, efficacy of ITs and 4-HC against, in 
T-lineage ALL, 361-366 

Leukemic monocytes, nonspecific esterase from, 1574-1579 

Leukemic peripheral mononuclear cells (MNC), susceptible to 
HTLV-I infections, 1175-1181 

Leukocytes 

chlorpropamide-induced aplasia of, 394-400 
See also specific leukocytes 

Lf (lactoferrin), neutrophil-derived, inhibiting mixed lymphocyte 
reactions, 1328-1333 

LFA-1 molecule 

in antibody-dependent platelet cytoxicity involving complement, 
211-219 
recurrent bacterial infections and deficiency in, 1622-1630 

LGL (large granular lymphocyte) leukemia, NK cells in, activated 
by anti-CD3 MoAb and IL-2, 72-78 

Lipopolysaccharides, SCF production induced by, 682-691 

Lithium, effects of, on generation of GM-CSA, 117-123 

Liver 

chronic disease of, in hemophilia, predictive markers of, 1595- 
1599 

cirrhosis of, pathogenesis of accelerated fibrinolysis in, 1315- 
1319 

and plasma prothrombin in hepatic tumors, 850-854 

Liver cells 

parenchymal and nonparenchymal, distribution of transferrin 
receptors in, 264-270 

steady-state of mRNA in, 224-230 

stromal fetal, effects of, on erythropoiesis, 135-139 

Liver transplantation in hemophilia A, 1719-1724 

Lung cancer cells, A549, endocytosis of thrombin-thrombomodulin 
complexes inhibited by protein C in, 1481-1484 

Lymphocytes 

cytotoxic functions of, following BMTs, 372 

Lf derived from neutrophils inhibiting mixed reactions of, 1328- 
1333 

See also B cell(s); T cell(s) 

Lymphocytic leukemia, see Acute lymphoblastic (and lymphocytic) 
leukemia; Chronic lymphoblastic (and lymphocytic) leuke- 
mia 

Lymphocytic lymphoma, intermediate, immunophenotypic and 
cytogenetic findings on, 1617-1621 

Lymphoid cell(s), B, see B lymphoblastoid and lymphoid cells 

Lymphoid cell surface antigens, T, acute unclassified leukemia with 
4:17 translocation expressing, 271-277 

Lymphoid tumors and malignancies 

B, clinical responses correlated with monoclonal anti-idiotype 
antibody treatment of, 199-210 

levels of adenosine deaminase in, related to levels of mRNA 
present in, 1376-1380 

Lymphokine-activated killer (LAK) cells, hematologic effects of 
therapy with rIL-2 and, 1654-1660 

Lymphoma 

B cell, see B cell lymphoma 

chimeric univalent derivative of abtu-idiotype MoAb in treatment 
of, 790-797 

Ig and TCR gene rearrangement in, 79-86 
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Lymphoma (Continued) 
intermediate lymphocytic, immunophenotypic, and cytogenetic 
findings on, 1617-1621 
malignan:, see Malignant lymphoma 
mediastinal clear cell, terminal steps of B cell differentiation and, 


1087-1098 
Lymphoma cells, circulating cutaneous T cell, prognosis and, 841- 
849 


Lymphomatous features of childhood ALL, 735-738 
Lymphoproiiferative diseases, indolent, TBI compared with chemo- 
therapy in treatment of, 1642-1643 


mABs, see Monoclonal antibodies 
Macrophages 
alveolar, see Alveolar macrophages 
expression of CSF specific to, in monocytes treated with GM- 
CSF. 1259-1261 
See also Monocyte/macrophage lineage and entries beginning 
with term: Granulocyte-macrophage 
Malaria, see: Plasmodium falciparum 
Malignancies, see Tumor(s} and malignancies 
Malignant B cells 
CSA production by, 1340-1347 
monoclonal anti-light chain idiotype as probe for, 919-923 
Malignant B lymphoid cells, anti-CD22 MoAb detecting, 836-840 
Malignant erythroid cells, differentiation-specific antigens on, 103- 
108 
Malignant hematopoietic progenitors, gene transfer to, using retro- 
viruses, 611-617 
Malignant lymphoma 
cytologic and histologic correlation in, 97-102 
high-grade, presence of clonogenic cells in, as prognostic factor, 
1307-1314 
Malignant plasma cells, MM4 reactivity with, 238-245 
Markers 
c-fos as, of terminal differentiation in acute myelomonocytic and 
monocytic leukemias, 160-164 
predictive, of chronic liver disease in hemophilia, 1595-1599 
Marrow, see entries beginning with terms: Bone marrow and 
element: Myelo- 
Mast cells, development of, at sites of idiopathic chronic dermatitis, 
1661-1666 
MCH (mean corpuscular hemoglobin) of HbF-containing cells, 
1109-1113 
MCLL (mediastinal clear cell lymphoma), terminal steps of B cell 
differentiaiton and, (087-1093 
M-CSF, see Colony-stimulating factor-{ 
Mean corpuscular hemoglobin (MCH) of HbF-containing cells, 
1109-1113 
Mediastinal clear cell lymphoma (MCLL), terminal steps of B cell 
differentiation and, (087-1095 
Megakaryoblasts, cell surface phenotype of, 957-960 
Megakaryocyte(s) 
interaction between ristocetin, plasma and, 173-179 
thrombocytopenic plasma effects on morphology of, 1046-1052 
Megakaryocyte progenitors (CFU-Meg), mitosis and endomitosis 
of, 486-492 
Megakaryocytopoiesis 
and incorporation of tritiated thymidine by SACHE-positive cells 
in BM during antibedy-induced thrombocytopenia, 290-295 
RIA in measurement of, 1334-1339 
TGF-# imhibiting, 1737-741 
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Megaloblastic anemia, neonatal, and homocystinuria with asso- 
ciated reduced methionine synthase activity responsive to 
vitamin B 12, 1128-1133 

Messenger RNA, see mRNA 

Metabolism 

Ara-C intracellular, correlation between perturbed marrow cell 
growth kinetics and, with clinical response in adult AML, 
1134-1140 

electrolyte, of In(Lu) erythrocytes, 52-57 

oxidative, neutrophils primed by rGM-CSF for enhanced, in 
response to major physiological chemoattractants, 18-21 

Methionine synthase, homocystinuria with associated reduced activ- 
ity of, and neonatal megaloblastic anemia responsive to 
vitamin B12, 1128-1133 

Minicells, plasmid-containing £ coli, fate of DNA of, ingested by 
neutrophils, 1394-1400 

Mitosis of CFU-Meg, 486-492 

Mitoxantrone, high-dose Ara-C and, for refractory AML, 744-749 

MM (multiple myeloma), allogeneic BMT for, 1262-1264 

MM4 MoAb, reactivity of, with normal and malignant plasma cells, 
238-245 

MNC (mononuclear cells), peripheral, of leukemic patients, suscep- 
tibility of, to HTLV-I infections, 1175-1181 

MoAbs, see Monoclonal antibodies 

Molecular basis of @-thalassemia, 1141-1145 

M, 190,000-receptor protein, adherence of HEL cells to Fn as 
evidence for, 578-583 

Monoclonal antibodies (mA Bs; MoAbs) 

active site-specific, measurement of free, one-chain plasma t-PA 
based on, 284-289 

anti-idiotype, see Anti-idiotype MoAbs class-II specific, a-like 
antigens expressed by pluripotent hematopoietic stem cells 
and recognized by, 165-172 

See also specific monoclonal antibodies 

Monoclonal anti-light chain idiotype, as probe for malignant B cells, 
919-923 

Monoclonal IgG (immunoglobulin G) cryoglobulins, characteriza- 
tion of, 677-681 

Monocyte(s) 

adhesion of, to subendothelial components, 1265-1268 

augmentation of BM erythropoiesis by oxygen tensions mediated 
by T cells and, 899-907 

component of factor VIH preparations down modulating func- 
tions of, 1153-1160 

DNA strand breakage and ligation patterns during differentiation 
of, 1114-1119 

expressing CSF-1 gene, 1409-1413 

expression of c-fos, c-myb, and c-myc correlated with differentia- 
tion of, 1542-1545 

expression of macrophage-specific CSF in, treated with GM- 
CSF, 1259-1261 

normal and leukemic, nonspecific esterase from, 1574-1579 

Monocyte colony-stimulating factor (M-CSF), see Colony-stimulat- 
ing factor-1 

Monocyte-macrophage lineage, Ki-M8 MoAb reactive with intracy- 
toplasmic antigen of, 1320-1327 

Monocyte membrane antigen, expression of, by fibroblasts, after 
DNA-mediated gene transfer, 886-892 

Monocytic leukemia, acute, c-fos expression in, 160-164 

Mononuclear cells (MNC), peripheral leukemic, susceptibility of, to 
HTLV-I infections, 1175-1181 

Morphology 

and distribution of transferrin receptors in parenchymal and 
nonparenchymal liver cells, 264-270 
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Morphology (Continued) 
In(Lu) erythrocyte, 52-57 
megakaryocyte, effects of thrombocytopenic purpura on, 1046- 
1052 
monoclonal IgG cryoglobulin, 677-681 
Mother-to-offspring transmission of HTLV-1, 1255-1258 
MPO (myeloperoxidase), activity of, following iron therapy for ID, 
1464-1468 
mRNA (messenger ribonucleic acid) 
bcr-abl, in CML, 971-973 
cloned, see cDNA 
expression of, in myeloid differentiation, 1225-1236 
factor X, in liver and Hep G2 cells, 224-230 
glucocorticoid receptor, in leukemia cells, 750-756 
levels of adenosine deaminase in lymphoid malignancies related to 
levels of, 1376-1380 
Mucosal defense system following BMTs, 371-372 
Multiple myeloma (MM) allogeneic BMT for, 1262-1264 
Multipotential colony-forming cells (CFU-GEMM) 
la-like antigens expressed by, as recognized by class-i] specific 
MoAbs, 165-172 
regulation of, by rlL-J-induced fibroblast-conditioned medium, 
33-37 
Mutations 
Hb, survey of, 2-3; see also specific mutant hemoglobins 
N-ras, in AML, 1237-1241 
point, factor IX sasama aS Clotting protein, resulting in hemophilia 
B, 141-143 
Myeloblastic (and myelocytic) leukemia, see Acute myeloblastic 
(and myelocytic) leukemia; Chronic myeloblastic (and my- 
elocytic) leukemia 
Myeloblation, see Bone marrow purging 
Myeloid cells, see Bone marrow cells 
Myeloma, multiple, allogeneic BMT for, 1262-1264 
Myeloma cell lines, U-957, U-958, and U-1996, phenotype of, 
1605-1612 
Myelomonocytic leukemia, c-fos expression in, 160-164 
Myeloperoxidase (MPO), activity of, following iron therapy for ID, 
1464-1468 
Myelopoiesis, role of CSF in, in BM cultures, 1211-1217 
Myeloproliferative disorder, transient, blast cell differentiation in 
patients with Down’s syndrome and, 508-512 


NAD (nicotamide adenine dinucleotides), impaired synthesis of, in 
PK-deficient RBCs, 999-1005 
NADPH (nicotamide adenine dinucleotide phosphate)-oxidase, 
PK-C and activation of neutrophil, 711-720 
NaF (sodium fluoride), platelet agonists and antagonists effects 
mimicked by, 859-866 
Natural killer (NK) cell(s) 
activation of, 1725-1236 
killing defect in, in Hodgkin's disease, 1686-1690 
in LGL leukemia activated by anti-CD3 MoAb and IL-2, 72-78 
regulation of hematopoiesis with, 246-254 
Natural killer (NK) cell antigens, expression of H-25 and H-366, by 
immature myeloid cells, CFU-E, and CFU-GM, 419-429 
Neonatal acute leukemia, DFO effects on, 757-761 
Neonatal erythroid cells, globin gene expression in, altered by 
INF-y, 1674-1681 
Neonatal megaloblastic anemia, and homocystinuria with associated 
reduced methionine synthase activity responsive to vitamin 
B12, 1128-1133 wey 
Neonatal neutrophils, F-actin content of, 945-949 is ii 
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Neoplasms, see Tumor(s) and malignancies, entries beginning with 
term: Malignant, and specific conditions 
Neutropenia 
associated with T8 hyperlymphocytosis, role of granular cells in, 
1204-1210 
autoimmune, HL-60 cells detecting antibodies to granulocyte 
precursors in, 529-536 
Neutrophil(s) 
CTC fluorescence in, 1146-1152 
degranulation of, during extracorporeal circulation, 324-330 
fate of DNA plasmid-containing E coli minicells, and ingested by 
neutrophils, 1394-1400 
iron deficiency and function of, 1464-1468 
Lf derived from, inhibiting mixed lymphocyte reactions, 1328- 
1333 
localization of BPI protein of, 652-659 
neonatal and adult, F-actin content of, 945-949 
normal, differentiation of, 937-944 
prevention of pulmonary injury by activated, preincubated with 
anti-Mol MoAb, 1167-1174 
primed by rGM-CSF for enhanced oxidative metabolism in 
response to physiological chemoattractants, 18-21 
protection from damage to vascular endothelial cells by C albi- 
cans hyphae mediated by, 1450-1457 
7D5 MoAb against cytochrome bss of, in CGD, 1404-1408 
Neutrophil diapedesis, vasoactive amines modifying endothelial cells 
to affect, 1563-1569 
Neutrophil elastase, a-thrombin function altered by, 813-819 
Neutrophil NADPH-oxidase, PK-C and activation of, 711-720 
Neutrophil superoxide (O;), concanavalin A activating production 
of, 762-768 
Nexin, protease, 383 
Nicotamide adenine dinucleotide (NAD), impaired synthesis of, in 
PK-deficient RBCs, 999-1005 
Nicotamide adenine dinucleotide phosphate (NADPH)-oxidase, 
PK-C and activation of neutrophil, 711-720 
NK cells, see Natural killer cell(s) 
Nofimensine, antibody sensitization and attachment to RBCs in 
immune hemolytic anemia due to, 1006-1010 
Nonimmune thrombocytopenia 
IgG bound to platelet surface in, 278-285 
platelet-associated IgG in, 1294-1299 
Nonlymphoblastic (and nonlymphocytic) leukemia, see Acute non- 
lymphoblastic (and nonlymphocytic) leukemia 
Nonparenchymal liver cells, heterogeneous distribution of trans- 
ferrin receptors in, 264-270 
Normal B cells 
CSA production by, 1340-1347 
lymphoid, anti-CD22 MoAb in detection of, 836-840 
Normal C1-inhibitor proteins, interactions between C15 and plasma 
kallikrein with, in patients with hereditary angioneurotic 
edema, 1096-1101 
Normal erythroid cells 
bone marrow, flow cytometric analysis of development of, 255- 
263 
identification and characterization of differentiation-specific anti- 
gen on, 103-108 
Normal hematopoietic progenitors 
effects of rT NF on, 467-472 
gene transfer to, using retroviruses, 611-617 
Normal neutrophils, differentiation of, 937-944 
Norma! plasma cells, MM reactivity with, 238-245 
Normal subjects 
detection of 7D5 MoAb antigen in, 1404-1408 
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Normal subjects (Continued ) 
PA in, after exercise, 1595-1604 
range of plasma protein Z antigen in, 1580-1586 
N-ras oncogene, mutations in, in AML, 1237-1341 
Null-AL (ecute unclassified leukemia) with 4:17 translocation 
expressing T lymphoid and myeloid surface antigens, 271- 
277 


O, and O;, see Oxygen tensions; Superoxide 
Omental tissue microvessel endothelial cells, fibrinolytic and coagu- 
lant activities of, 964-967 
Oncogene 
and ber-abl RNA in CML, 971-973 
c-abl, rearranged, in chronic phase and blast crisis of CML, 
893-398 
N-ras, mutations of, in AML, 1237-124] 
See also Proto-oncogene expression 
One-chain tissue-type plasminogen activator (t-PA), free, enzyme- 
linked immunosorbent assays in measurement of, in plasma, 
284-289 
Oral anticoagulation, protein C level during, 1704-1711 
Oral contraceptives (OC), protein S status and, 692-694 
Order of formation of vWF interchain disulfide bonds, 27-32 
Oxidase, neutrophil NADPH-, activation of, by PK-C, 711-720 
Oxidation, correlation between spectrin, and stored RBC membrane 
vesiculation, 1777-1781 
Oxidative metabolism, neutrophils primed by rGM-CSF for 
enhanced, in response to physiological chemoattractants, 
18-21 
Oxygen tensions 
augmentation of BM erythropoiesis by, mediated by monocytes 
and T cells, 899-907 
deformability of sickle ceils as continuous function of, 316-323 


PA, see Plasminogen activator 
PAI, see Plasminogen activator inhibitors 
Pan-T MoAbs, marrow depleted of T cells with, to prevent GVHD, 
388-393 
Parenchymal liver cells, heterogeneous transferrin receptor distribu- 
tion in, 264-270 
Peptide, RGDS, fibrinogen binding inhibited by synthetic, 950-952 
Peripheral phagocytes, immunocytochemical detection of 7D5 
MoAb antigen in, in normal subjects, patients with CGD, 
and their carrier mothers, 1404-1408 
Peripheral mononuclear cells (MNC), leukemic, susceptibility of, to 
HTLV-I infections, 1175-1181 
P falciparum, see: Plasmodium falciparum 
PF4 (platelet factor 4) cDNA derived from HEL cells, cloning and 
characterization of, 219-223 
PGI, (prostaglandin l), plasmin and, inhibiting platelet activation, 
1504-1507 
pGP-1 (polymorphic glycoprotein-1), role of platelet, in antibody- 
dependent platelet cytotoxicity involving complement, 211- 
218 
Phagocytes 
function of, following BMTs, 372 
peripheral, immunocytochemical detection of 7D5 MoAb antigen 
in, in normal subjects, patients with CGD, and their carrier 
mothers, 1404-1408 
Phenotype 
of granular cells in hyperlymphocytosis, 1204-1210 








SUBJECT INDEX 


Phenotype (Continued) 
hematologic, subunit assembly of Hb as determinant of, 1-6 
and intermediate lymphocytic lymphoma immunophenotype, 
1617-1621 
of megakaryoblast cell surface, 957-960 
T cell, lack of association between chromosome 9 short arm 
abnormalities and, in childhood ALL, 735-738 
of U-1957, U-1958, and U-1996, 1605-1612 
Philadelphia (Ph)-positive acute lymphoblastic leukemia (ALL), 
TOM-1 cell line derived from, 990-998 
Philadelphia (Ph)-positive chronic myelocytic leukemia (CML) 
rlFN effects on, 961-964 
T cell differentiation in blast crisis of, with rearrangement of ber 
but not of TCR# chain genes, 1082-1086 
T cells lacking bcr gene rearrangement in, 1682-1685 
Phorbol esters, neutrophil NADPH-oxidase and, 712-713 
Phospholipase C activity, modulation of adenylate cyclase and, by 
NaF, mimicking effects of platelet agonists and antagonists, 
859-966 
Phospholipid 
alkyl-, remission marrow purging with, 1381-1387 
plasma membrane, in P falciparum-infected RBCs, 401-407 
Physiology of PAI, 383-385 
PK (pyruvate kinase), synthesis of NAD in RBCs deficient in, 
999-1005 
PK-C (protein kinase C), and activation of neutrophil NADPH- 
oxidase, 711-720 
Plasma 
interaction of ristocetin and, with megakaryocytes, 173-179 
measurement of free, one-chain t-PA in, 284-289 
60.3 MoAb to PMN membrane GP CD18 inhibiting leakage of, 
338-340 
thrombocytopenic, effects of, on megakaryocyte morphology, 
1046-1052 
Plasma cells, normal and malignant, MM4 reactivity with, 238-245 
Plasma cyclic nucleotides, levels of, in acute leukemias, 1613-1616 
Plasma factor XIII, formation of factor XIHa promoted by com- 
plexing a-thrombin, fibrin and, 867-871 
Plasma fibrinolysis 
initiation and regulation of, at PA level, 1354-1362 
and plasma t-PA-related antigen, 1348-1353 
Plasma kallikrein 
interactions between CIS and, with normal and dysfunctional 
Cl-inhibitor proteins in patients with hereditary angioneu- 
toric edema, 1096-1101 
kinetics of inhibition of, by Arg'®-aprotinin, 1431-1436 
Plasma membrane glycoprotein Mol (GPMol) 
recurrent bacterial infections and deficiency in, 1620-1630 
relationship between gelatinase release and expression of, 605- 
610 
Plasma membrane phospholipid in P falciparum-infected RBCs, 
401-407 
Plasma protein Z antigen, range of, in normal subjects, and effects of 
warfarin on, 1580-1586 
Plasma prothrombin, hepatic tumors and, 850-854 
Plasmid-containg E coli minicells, fate of DNA of, ingested by 
neutrophils, 1394-1400 
Plasmin, PGI, and, inhibiting platelet activation, 1504-1507 
ayPlasmin inhibitors, JTP-1 and JTP-2 MoAbs to discrete regions 
of, 446-453 
Plasminogen activator(s) (PA) 
initiation and regulation of plasma fibrinolysis at level of, 1354- 
1362 
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Plasminogen activator(s) (PA) (Continued) 
in normal subjects after exercise and in patients with venous 
occlusion, 1595-1604 
scu-, see Single-chain urokinase plasminogen activator 
tissue-type, see Tissue-type plasminogen activator 
two-chain UK as, 22-26 
Plasminogen activator inhibitor (PAI), 381-387 
and fibrinolysis in pregnancy, 460-466 
protein as cofactor for protein C in neutralizing, released by 
platelets, 231-237 
as regulator of ancrod-induced fibrin deposition, 798-804 
tissue, role of, in accelerated fibrinolysis in liver cirrhosis, 1314- 
1319 
Plasminogen activator inhibitor | (PAI-1), t-PA circulating as 
complex and Cl-inhibitor and, 1600-1604 
Plasmodium falciparum (P faiciparum) 
and effects of malaria on hematopoietic stem cells, 408-413 
G6PD of, 1528-1530 
plasma membrane phospholipid of RBCs infected with, 401-407 
Platelet(s) 
activation of, inhibited by plasmin and PGI, 1504-1507 
fibrinogen binding and, see Fibrinogen binding 
heterogeneity of secretion of, in response to thrombin, 1401-1403 
IgG associated to, in immune and nonimmune thrombocytopenia, 
1294-1299 
immature dense granules in SPD of, 1300-1306 
model for study of formation of, 1046-1052 
protein S as cofactor for protein C in neutralization of PAI 
released by, 231-237 
secretory pathway of, 878-885 
secretory pathway of thrombin-stimulated, 1196-1203 
spectrin associated with membrane-bound actin filaments in, 
hydrolyzed by calcium-dependent protease during activation 
of, 537-545 
stress, proplatelets and, 522-538 
testing for compatibility of, 1425-1430 
Platelet agonists and antagonists, NaF mimicking effects of, 859- 
866 
Platelet aggregation 
ADP-induced, AP3 and Tab MoAbs inhibiting, without blocking 
fibrinogen binding, 668-676 
collagen-induced, see Collagen-induced platelet aggregation 
and release initiated by serum from patients with TTP, 924-928 
vWF and GPIib/Ifla in shear-induced, 625-628 
in whole blood of patients with Glanzmann’s thrombasthenia, 
38-42 
Platelet alloimmunization, prevention of, with systemic Cs and 
ultraviolet irradiation, or Cs-loading of donor platelets, 414- 
438 
Platelet antigen, PLA', PTP associated with autoantibody against, 
1448-1463 
Platelet antithrombin (AT) in malignancy, 479-485 
Platelet cell surface 
divalent cation-dependent and independent expression of TSP on, 
of thrombin-stimulated platelets, 58-64 
IgG bound to, in immune and nonimmune thrombocytopenia, 
278-283 
Platelet factor 4 (PF4) cDNA derived from HEL cells, cloning and 
characterization of, 219-223 
Platelet inhibitory drugs, inhibition of TX formation and therapy 
with, 180-186 
Platelet membrane glycoprotein | (GP-1), polymorphic, role of, in 
antibody-dependent platelet cytotoxicity involving comple- 
ment, 211-218 
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Platelet membrane glycoprotein Ib (GPIb), SZ 2 MoAb to, inhibit- 
ing platelet aggregation induced by ristocetin and collagen, 
570-577 

Platelet membrane glycoprotein Ib-IX (GPIb-1X) in intact platelet 
membrane, 1524-1527 

Platelet membrane glycoprotein Hb/Hla (GPIfb/Ha) 

membrane protein complex expressed by platelets immunologi- 
cally related to fibroblast fibronectin receptor and distinct 
from, 1535-1538 

polypeptide synthesis from, 1031-1037 

purification and amino acid sequence of, 560-564 

vWF and, in shear-induced platelet aggregation, 625-628 

Platelet membrane glycoprotein Ha (GPIlla), immunoblotting 
with, to differentiate patients with type I Glanzmann’s 
thrombasthenia, 1696-1703 

Platelet-stimulatory activity, effects of neutrophil elastase on a- 
thrombin and, 813-819 

Pluripotent cells, see entries beginning with term: Multipotential 

Pluronic F-68, endothelial adherence of sickle cells reduced with, 
1631-1636 

Point mutation, factor IX jbama in clotting protein, resulting in 
hemophilia B, 141-143 

Pol gene of HTLV-HI/LAV, immunogenic nature of product of, 
331-333 

Polymorphic glycoprotein-1 (pGP-1), role of platelet, in antibody- 
dependent platelet cytotoxicity involving complement, 211- 
218 

Polymorphisms 

absence of common, in factor IX gene, 349-352 

of glycophorins, 618-624 

intragenic factor VHI:C DNA, detection of hemophilia A carriers 
using, 1539-154] 

Polymorphonuclear leukocyte(s) (PMNs), see Basophils, Granulo- 
cyte(s); Neutrophil(s) 

Polymorphonuclear leukocyte (PMN) membrane glcyoprotein 
CD18 (GPCD18), 60.3 MoAb to, inhibiting PMN accumu- 
lation and plasma leakage, 338-340 

Polypeptides 

characterization of Rh(D), from RBCs, 1491-1497 
factor VIII inhibitor, determined by immunoblotting, 1475-1480 
synthesis of, from GPHb/ HTa, 1031-1037 
Postinduction regimens 
for AML, 1553-1554 
for ANLL, 1441-1449 

Posttransfusion purpura (PTP) associated with autoantibody 
against PLA' platelet antigen, 1458-1463 

Pregnancy 

fibrinolysis in, 460-466 
thrombocytopenia associated with, in patients with type IIb, 
vWD, 786-789 

Preleukemic syndromes, BMT in treatment of, 92-96 

Prenatal diagnosis of B-thalassemia, 1141-1145 

Pre-T neoplasms, expression of T3/TCR gene in, 1062-1067 

Prevalence of vWD, 454-459 

Procoagulant activity of alveolar macrophages, dipyridamole sup- 
pressing, 660-667 

Progenitor and precursor cells, see specific progenitors and precur- 
sors 

Prognosis 

of AML, 1554-1555 

and circulating CTCL cells, 841-849 

of CLL in untreated patients, 929-936 

of high-grade malignant lymphoma, presence of clonogenic cells 
and, 1307-1314 
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Promyelocytic leukemia, acute, heparin administration during 
induction chemotherapy for, 187-191 
Proplatelets, stress platelets and, 522-528 
Prostaglandin l, (PGI). plasmin and, inhibiting platelet activation, 
1504-1507 
Protease, calcium-dependent, spectrin hydrolysis by, during platelet 
activation, 537-545 
Protease nexin, 383 
Protein(s) 
BPI, localization of neutrophil, 652-659 
clotting, factor, IX Alabama aS point mutation in, resulting in hemo- 
philia B, 141-143 
Cl-inhibitor, interactions between C15, plasma kallikrein and, in 
patients with hereditary angioneurotic edema, 1096-1101 
induction of, during INF-a therapy of HCL, 1570-1573 
M, 1[90,000-receptor, adherence of HEL cells to Fn as evidence 
for, 578-583 
Protein C 
levels of, during DIC and oral anticoagulation, 1704-1711 
protein S as cofactor for, in neutralization of plasminogen activa- 
tor inhibitor released by platelets, 231-237 
thrombin-thrombomodulin complexes endocytosis inhibited by, in 
A549 lung cancer cells and umbilical vein endothelial cells, 
1481-1484 
Protein kinase C (PK-C), and activation of neutrophil NADPH- 
oxidase, 711-720 
Protein S 
as cofactor for protein C in neutralization of PAI released by 
platelets, 231-237 
oral contraceptives and gender effects on, 692-694 
Protein A antigen, plasma, effects of warfarin on range of, in normal 
subjects, 1580-1586 
Proteolytic systems, favism and impaired RBC, 1753-1758 
Prothrombin, plasma, hepatic tumors and, 850-854 
Prothrombin Tokushima, 565-569 
Proto-oncogene expression 
e-myb and c-myc, in monocytes, 1542-1545 
c-raf, in hematopoietic cells, 1437-1440 
fos, see: fos proto-oncogene 
Pro-urokase, see Single-chain urokinase plasminogen activator 
PTP (posttransfusion purpura) associated with autoantibody against 
PLA! antigen, 1458-1463 
Pulmonary injury, prevention of, by activated neutrophils preincu- 
bated with anti- Mol MoAb, 1167-1174 
Purging of bone marrow, see Bone marrow purging 
Purpura 
posttransfusion, associated with autoantibody against PLA’ plate- 
let antigen, 1458-1463 
thrombotic thrombocytopenic, platelet aggregation and release 
initiated by serum of patients with, 924-928 
See also lmmunothrombocytopenia 
Pyruvate kinase (PK), synthesis of NAD in RBCs deficient in, 
999-1005 


RA, see Retinoir acid 
Radiation therapy 
for HCL, 980-981 
See also Irradiation 
Radioimmunoassay (RIA) in measurement of megakaryocytopoie- 
sis, 1334-1339 
RBCs, see Red Blood cell(s) 
Receptor(s), see specific receptors 
Receptor protein, M, 190,000-, adherence of HEL cells to Fn as 
evidence for, 578-583 








SUBJECT INDEX 


Recessive inheritance, autosomal, type ITA vWD with, 1419-4120 
Recombinant erythropoietin (EPO), binding and internalization of, 
in erythroid precursors, 1485-1490 
Recombinant granulocyte colony-stimulating factor (rG-CSF) 
effects of, on hematopoietic injury due to 5-FU, 353-360 
synergistic action between rGM-CSF and, on AML blast cells, 
1498-1503 
Recombinant granulocyte-macrophage colony-stimulating factor 
(rGM-CSF) 
activities of, on enriched hematopoietic progenitors, 1508-1523 
neutrophils primed by, for enhanced metabolism, 18-21 
purification and properties of, 43-51 
synergistic action of rG-CSF and, on AML blast cells, 1498- 
1503 
Recombinant interferon (rIFN) 
granulocytes activated by, 640-644 
HL-60 differentiation induced with RA and, 501-507 
Ph-chromosome suppressed with, in Ph-positive CML, 961-964 
Recombinant interferon a and 8 (rIFN-a@ and -8), effects of, on 
leukemic marrow cells, 721-726 
Recombinant interferon a-2b (rIFN a-2b), responses to, in 
advanced HCL, 872-877 
Recombinant interleukin | (rIL-1) in regulation of hematopoietic 
progenitors, 33-37 
Recombinant interleukin 2 (rIL-2) 
hematologic effects of therapy with LAK cells and, 1654-1660 
receptor-specific inhibition of BM erythropoiesis by, 1368-1375 
regulatory role of T cells responsive to, in granulopoiesis, 1161- 
1166 
Recombinant retroviruses, gene transfer to normal and malignant 
hematopoietic progenitors using, 611-617 
Recombinant tumor necrosis factor (FT NF) 
effects of, on leukemic and normal hematopoietic progenitors, 
467-472 
effects of, on myeloid leukemic cells, 1102-1108 
granulocytes activated by, 640-644 
Recombinant tumor necrosis factor a and 6 (rTNF a and 8), effects 
of, on myelogenous leukemia cells, 721-726 
Recurrent bacterial infections, and deficiency in Mol, LFA-1, and 
Leu M55, 1622-1630 
Red blood cell(s} (RBCs) 
characterization of Rh(D) polypeptide from. 1491-1497 
correlation between spectrin oxidation and membrane vesicula- 
tion of stored, 1777-1781 
favism and impaired proteolytic systems of, 1753-1758 
In(Lu), morphology, cell surface receptors, and electrolyte metab- 
olism of, 52-57 
PK-deficient, NAD synthesis in, 999-1005 
plasma membrane phospholipid in P falciparum-infected, 401- 
407 
sensitization and attachment of antibodies to, in nofimenzine- 
induced hemolytic anemia, 1006-1010 
sickle, see Hb SC disease, sickle cell(s); sickle cell anemia and 
disease 
Band y SGPs of, 1068-1072 
spherocytic, chromosome 8 short arm deletion associated with, 
156-159 
See also entries beginning with element: Erythro- 
Red blood cell (RBC) deformability 
increased resistance to, by shape-transformed RBCs, 739-743 
in shear flow, effects of viscosity, membrane stiffness, and hema- 
tocrit on, 727-734 
of sickle cells, as continuous function of oxygen tensions, 316-323: 
see also Sickle cell(s) 


1811 


Reductase, glutathione, role of, in maintaining granulocyte function 
and sensitivity of H,O,, 493-500 
Relapsed acute myeloid leukemia (AML), treatment of, 1555 
Remission induction regimens 
for AML, 1552-1553 
and postinduction strategies in treatment of ANLL, 1441-1449 
Remission marrow purging with alkyl-lysophospholipid, 1381-1387 
Renal carcinoma cell line, stimulation by cAMP of erythropoietin 
secretion by, 1053-1057 
Restriction enzyme, Tagl, factor XII gene alteration in Hageman 
trait detected with, 1421-1424 
Retinoic acid (RA) 
HL-60 cell differentiation induced with rIFN and, 501-507 
myeloid leukemia cell growth stimulated by, 32-307 
TNF and IFN-y with, inducing differentiation and growth inhibi- 
tion of HL-60 cells, 1218-1224 
Retroviruses 
recombinant, gene transfer to normal and malignant hemato- 
poietic progenitors using, 611-617 
See also specific retroviruses 
1G-CSF, see Recombinant colony-stimulating factor 
RGDS peptide, fibrinogen binding inhibited by synthetic, 980-952 
rGM-CSF, see Recombinant granulocyte-monocyte colony-stimu- 
lating factor 
Rh(D) antigen, MoAb against, 1491-1497 
RIA (radioimmunoassay) in measurement of megakaryocytopoiesis, 
1334-1339 
Ribonucleic acid, see mRNA 
Ribonucleotides, guanine, role of, in regulation of myeloid cell 
maturation, 334-337 
Ricin A-chain immunotoxic, anti-pan-T cell, amantadine potentiat- 
ing T cell killing by, 345-348 
TIFN, see Recombinant interferon 
TiL, see Recombinant interleukin 
rT NF, see Recombinant tumor necrosis factor 
Ristocetin 
interaction of plasma and megakaryocytes with, 173-179 
platelet aggregation induced by, inhibited by SZ 2 MoAb to 
GPIb, 570-577 
RNA, see mRNA 


SACHE (small acetylcholinesterase)-positive cells, BM, mega- 
karyocytopoiesis and thymidine incorporation by, 290-295 
scu-PA, see Single-chain urokinase plasminogen activator 
Serotherapy of B cell lymphoma with IFS MoAb, 584-591 
Serum 
characterization of inhibiton of tissue factor in, 150-155 
platelet aggregation and release initiated by, 924-928 
Serum idiotype, prediction of levels of, in B cell leukemia of 
lymphoma, 1249-1254 
7D5 MoAb against cytochrome bys, in CGD, 1404-1408 
7q32-q36 translocation in childhood T-ALL, 131-134 
B and y Sialoglycoproteins (SPGs), RBC, 1068-1072 
Sickle cell(s) 
cytosolic free calcium in, 1469-1474 
endothelial adherence of, reduced with Pluronic F-68, 1229-1634 
measurement of deformability of, as continuous function of oxy- 
gen tensions, 316-323 
See also Thalassemia 
Sickle cell anemia and disease 
with Bantu halplotype, relationship between G, and HbF level in, 
1026-1030 
cellular basis for different HbF levels in, 341-344 
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Sickle cell anemia and disease (Continued) 
HbF levels and 8° globin haplotype in, 1742-1746 
hydroxyurea-induced HbF production in, 109-116 
Single-chain urokinase plasminogen activator (scu-PA), 22-26 
inactivation of, by thrombin and thrombin-like enzymes, 769-772 
thrombolytic properties of, 592-596 
60.3 MoAb to PMN membrane GP CD18 inhibiting PMN accumu- 
lation and plasma leakage, 338-340 
Small acetylcholinesterase (SACHE)-positive cells, megakaryocy- 
topoiesis and incorporation of thymidine by, 290-295 
Sodium fluoride (NaF), platelet agonist and antagonist effects 
mimicked by, 859-866 
SPD (storage pool disease), immature dense granules in, 1300-1306 
Spectrin 
associated with membrane-bound filaments in platelets and 
hydrolyzed by calcium-dependent protease during platelet 
activation, 537-545 
correlation between oxidation of, and stored RBC membrane 
vesiculation, 1777-1781 
a subunit variant of, in HE, 473-479 
Spectrin Nice (8?”!*) in elliptocytosis, 1759-1765 
B and y SPGs (sialoglycoproteins) in RBCs, 1068-1072 
Spherocytosis associated with deletion of short arm of chromosome 
8, 156-159 
Splenectomy for HCL, 979-980 
SS disease, see Hb SC disease; Sickle cell anemia and disease 
Stem cells, see Hematopoietic stem cells 
Storage pool disease, immature dense granules in, 1300-1306 
Stress platelets, proplatelets and, $22-528 
Stromal cells 
control of hematopoiesis with cloned, 682-691 
multilineage synergistic activity produced by, 827-835 
fetal stimulative effects of, on erythropoiesis, 135-139 
Stromal growth factor, production of, with irradiated lectin, 1120- 
1127 
Superoxide (O4), neutrophil, concanavalin A activating production 
of, 762-768 
Subendothelial components, monocyte adhesion to, 1265-1268 
SZ 2 MoAb, platelet aggregation induced by ristocetin and collagen 
inhibited by, 570-577 


Tab MoAb, AP3 and, inhibiting ADP-induced platelet aggregation 
without blocking fibrinogen binding, 668-676 
T-ALL, see T cell acute lymphoblastic leukemia 
Taqi restriction enzyme, factor XII gene alteration in Hageman 
trait detected by, 1421-1424 
TBI, see Total body irradiation 
T cell(s) 
amantadine potentiating anti-pan-T cell ricin A-chain immuno- 
toxin killing of, 345-348 
BM depletion of, preventing GVHD, 383-393 
BM erythropoiesis enhanced by oxygen tensions and mediated by, 
899-907 
lacking ber gene rearrangement in Ph-positive CML, 1682-1685 
loss of IL-2 requirement in generation of, defining early event in 
HTLV-I infections, 12-17 
rIL-2-responsive, regulatory role of, in granulopoiesis, 1161-1166 
T cell acute lymphoblastic leukemia (T-ALL) 
childhood, see Childhood acute T cell lymphoblastic leukemia 
TdT expression preceding TCR £- and y-chain rearrangement in, 
356-360 
T-cell derived factors, B cell responses to, after BMT, 308-313 
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T cell differentiation 
in blast crisis of Ph-positive CML blast crisis, with rearrangement 
of chromosome 22 ber, 1082-1086 
stages of, in childhood T-ALL, 908-912 
T cell y gene (Ty gene) in hematologic neoplasms, 968-970 
T cell leukemias, see specific T cell leukemias 
T cell lymphoma cells, circulating cutaneous, prognosis and, 841- 
849 
T-cell mediated immunity following BMT, 372-374 
T cell phenotype, lack of association between chromosome 9 short 
arm abnormalities and, in childhood ALL, 737-738 
T cell receptor (TCR) 8-chain gene 
in 7q32-q36 translocation of childhood T-ALL, 131-134 
T cell differentiation in CML blast crisis, with rearrangement of 
chromosome 22 ber but not of, 1082-1086 
TdT expression preceding rearrangement of, in T-ALL, 356-360 
T cell receptor (TCR) y-chain gene, TdT expression preceding 
rearrangement of, in T-ALL 356-360 
T cell receptor (TCR) gene 
expression of T3/, in pre-T neoplasms, 1062-1067 
in lymphoma and leukemia, rearrangement of, 79-86 
TC-1 marrow adherent cells, multilineage synergistic activity pro- 
duced by, 827-835 
TCR, see entries beginning with terms. T cell receptor 
TC-UK (two-chain urokinase), plasminogen activation by, 22-26 
T8 hyperlymphocytosis, phenotype and cytotoxic activities of granu- 
lar cells in, 1204-1210 
Terminal deoxynucleotidy! transferase (TdT), expression of, preced- 
ing TCR f-chain and y-chain rearrangement in T-ALL, 
356-360 
Terminal differentiation, c-fos as mclecular marker of, in acute 
myelomonocytic and monocytic leukemias, 160-164 
TF (tissue factor), serum, inhibition of, 150-155 
Tf-Ga (transferrin-galliu,}, Hb production inhibited by, 144-149 
TGF-8 (type 8 transforming growth factor), megakaryocytopoiesis 
inhibited by, 1737-1741 
8-Thalassemia, molecular basis of, 1141-1145 
66°-Thalassemia, Sardinian, C to T substitution at position —196 of 
^y globin gene promoter in, 1058-1061 
Thrombasthenia, Glanzmann’s, see Glanzmann’s thrombasthenia 
Thrombi, characterization of fibrinogen, fibrin I and H in, 1038- 
1045 
heterogeneity of platelet secretion in response to, 1401-1403 
scu-PA inactivation by, 769-772 
secretory pathway of platelets stimulated by, 1196-1203 
TSP cell surface expression on platelets stimulated by, 58-64 
a-Thrombin 
factor XIla formation promoted by complexing plasma factor 
XII, fibrin and, 867-871 
neutrophil elastase altering function of, 813-819 
Thrombin-thrombomodulin complex, protein C inhibiting endocyto- 
sis of, in A549 lung cancer cells and umbilical vein endothe- 
lial cells, 1481-1484 
Thrombocytopenia 
antibody-induced, megakarocytopoiesis and incorporation of tri- 
tiated thymidine in BM during, 290-295 
associated with pregnancy in type HB vWD, 786-789 
nonimmune, IgG bound to platelet surface in, 278-283 
See also tmmunothrombocytopenia 
Thrombocytopenic plasma, effects of, on morphology of megakaryo- 
cytes, 1046-1052 
Thrombocytopenic purpura, thrombotic, platelet aggregation and 
release initiated by serum of patients with, 924-928 


SUBJECT INDEX 


Thrombocytopoiesis, and thrombocytopoietic response to immuno- 
thrombocytopenia, 192-198 
Thrombolytic properties of scu-PA, 592-596 
Thrombospondin (TSP), divalent cation-dependent surface expres- 
sion of, on thrombin-stimulated platelets, 58-64 
Thrombotic thrombocytopenic purpura (TTP), platelet aggregation 
and release initiated by serum of patients with, 924-928 
Thromboxane (TX), inhibiting formation of, and its implications for 
therapy with platelet inhibitory drugs, 180-186 
Thymidine, megakaryocytopoiesis and incorporation of tritiated, by 
SACHE-positive cells in BM during antibody-induced 
thrombocytopenia, 290-295 
Tissue factor (TF), serum, inhibition of, 150-155 
Tissue-type plasminogen activator (t-PA) 
antigen related to, in plasma, 1348-1353 
circulating as complexes with Cl-inhibitor and PAI-1, 1600- 
1604 
free, one-chain, in plasma, enzyme-linked immunosorbent assay 
of, 284-289 
Tissue-type plasminogen activator inhibitor (t-PAI), role of, in 
accelerated fibrinolysis in liver cirrhosis, 1315-1319 
T-lineage acute lymphoblastic leukemia (T-lineage ALL), BM 
purging in ABMT for, with immunotoxins and 4-HC, 361- 
366 
T lymphoid surface antigens, null-AL with 4:17 translocation 
expressing, 271-277 
T-lymphotropic virus, see HTLV-1; HTLV-HI/LAV 
TOM.-|I cell line derived from Ph-positive ALL, 990-998 
T10] immunotoxin (ricin A-chain immunotoxin), anti-pan-T cell, 
amantadine potentiating T cell killing by, 345-348 
Topology, and order of formation of interchain disulfide bonds in 
vWF, 27-32 
Total body irradiation (TBI) 
chemotherapy compared with, in treatment of indolent lympho- 
proliferative diseases, 1642-1646 
and high-dose etoposide in preparation for BMT, 1015-1020 
t-PA, see Tissue-type plasminogen activator 
t-PAI (tissue-type plasminogen activator inhibitor), role of, in 
accelerated fibronolysis in liver cirrhosis, 1315-1319 
Transferase, terminal deoxynucleotidyl, expression of, preceding 
TCR @-chain and y-chain rearrangement in T-ALL, 356- 
360 
Transferrin-gallium (Tf-Ga), Hb production inhibited by, 144-149 
Transferrin receptors on parenchymal and nonparenchymal liver 
cells, 264-270 
Transforming growth factor, type 8, megakaryocytopoiesis inhibited 
by, 1737-1741 
Transfusions 
AIDS associated with, 1766-1770 
platelet, and testing for platelet compatibility, 1425-1430 
and PTP associated with autoantibody against PLA’ platelet 
antigen, 1458-1463 
Transient myeloproliferative disorder, blast cell differentiation in 
patients with Down’s syndrome and, 508-512 
Translocation 
4517, null-AL with, 271-277 
in infant ANLL, 1289-1293 
7q32-q36, in childhood T-ALL, 131-134 
Transplantations 
liver, in hemophilia A, 1721-1724 
See also Bone marrow transplantations 
Treatment, see specific conditions and treatment modalities 
TSP (thrombospondin), divalent cation-dependent surface expres- 
sion of, on thrombin-stimulated platelets, 58-64 
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T3/T cell receptor (TCR) gene, expression of, in pre-T neoplasms, 
1062-1067 
TTP (thrombotic thrombocytopenic purpura), platelet aggregation 
and release initiated by serum of patients with, 924-928 
Tumor(s) and malignancies 
hematologic effects of therapy with LAK cells and rIL-2 for, 
1654-1660 
hepatic, plasma prothrombin in, 850-854 
lymphoid, see Lymphoid tumors and malignancies 
platelet antithrombin in, 479-485 
See also entries beginning with term: Malignant and specific 
tumors and malignancies 
Tumor necrosis factor (TNF) 
retinoic acid and IFN-y with, inducing differentiation and growth 
inhibition of HL-60 cells, 1218-1224 
See also Recombinant tumor necrosis factor 
Two-chain urokinase (TC-UK), plasminogen activation by, 22-26 
TX (thromboxane), inhibiting formation of, and its implications for 
therapy with platelet inhibitory drugs, 180-186 
Type I Glanzmann’s thrombasthenia, immunoblotting with GPH la 
to differentiate patients with, 1696-1703 
Type | and 2 plasminogen activator inhibitors (PAI), 381-382 
Type 8 transforming growth factor (TGF-8), megakaryocytopoiesis 
inhibited by, 1737-1741 
Type HA von Willebrand's disease (vWD) with autosomal recessive 
inheritance, 1419-1420 
Type HB von Willebrand’s disease (vWD), thrombocytopenia asso- 
ciated with, in pregnancy, 786-789 


UK, see Urokinase 
Ultraviolet (UV) irradiation, prevention of platelet alluimmuniza- 
tion with Cs and, 414-418 
Umbilical cord blood, assays of blast cell colonies of, 953-956 
Umbilical vein endothelial cells 
endocytosis of thrombin-thrombomodulin complexes inhibited by 
protein C in, 1481-1484 
fibrinolytic and coagulant activities of, 964-967 
Unclassified leukemia, acute, with 4:17 translocation expressing T 
lymphoid and myeloid surface antigens, 271-277 
U937 cell, factor XIII expressed on surface of, 778-785 
U-1957, U-1958, and U-1996 (myeloma cell lines), phenotype of, 
1605-1612 
Urokinase (UK) 
dipyridamole stimulating production of, 660-667 
plasminogen activation by, see Plasminogen activator 
UV (ultraviolet) irradiation, prevention of platelet alluimmuniza- 
tion with Cs and, 414-418 


Vascular endothelial cells, protection from damage to, by C albicans 
hyphae mediated by neutrophils, 1450-1457 
Vasoactive amines, endothelial cells modified by, to affect neutro- 
phil diapedesis, 1563-1569 
Venous occlusion, PA in patients with, 1595-1604 
Vesiculation, stored RBC membrane, correlation between spectrin 
oxidation and, 1777-1781 
Viscosity, effects of, on RBC deformability in shear flow, 727-734 
Vitamin B12, neonatal megaloblastic anemia and homocystinuria 
with associated reduced methionine synthase activity respon- 
sive to, 1128-1133 
Von Willebrand factor (VWF) 
binding of, released from Weibel-Palade bodies to extracellular 
matrix, 1531-1534 
GPIlb/IIla and, in shear-induced platelet aggregation, 625-628 
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Von Willebrand factor (vWF) (Continued) 
interaction between GPlb, collagen and 570-577 
order of formation and topology of interchain disulfide bonds in 
27-32 
Von Willebrand’s disease (vWD) 
effect of ABO blood group on diagnosis of, 1691-1695 
prevalence of, 454-459 
type II, see Type H A von Willebrand’s disease; Type H B von 
Willebrand's disease 
VP16-213, see Etoposide 


SUBJECT INDEX 


vWD, see Von Willebrand's disease 
vWF, see Von Willebrand factor 


Warfarin, effects of, on plasma protein Z antigen, 1580-1586 

Weibel-Palade bodies, binding of vWF released from, to extracellu- 
lar matrix, 1531-1534 

White blood cells (WBCs), see Leukocytes 

Whole blood, platelet aggregation in, of patients with Glanzmann’s 
thrombasthenia, 38-42 


Xerocytosis of Hb SC disease, 124-130 





KING FAISAL INTERNATIONAL PRIZE 


AN INVITATION TO SUBMIT NOMINATIONS 
FOR 1988 KING FAISAL INTERNATIONAL PRIZE IN MEDICINE, 
THE 10TH ANNIVERSARY OF THE AWARD 


The General Secretariat of the King Faisal International Prize, 


located in Riyadh, 
educational! institutions and re 





Saudi Aral 





4, has the pleasure to invite higher 
ch centers from around the world 


to nominate qualified candidates for: 


L 


2. The Prize will be awarded for specific original research, but the 


nominee's complete works will be considered. 


3. The works submitted with the nominations must have been 


published before the nomination deadline. 





Fe ze ap: F : 3 eae 2 | eee eee PHETT usad Si ey eae eee ae sly 
The 1988 King Faisal International Prize in Medicine, 4. The specific works submitted must not have been previously 
Topic. “LEUKEMIA” awarded a prize by any international organization. 
$ l zi f i f 5 ` ees d = 48 e 
sapi 7 5. Nominations must be submitted officially on be of institu- 


Scholars nominated should have made significant contribution 
with origina] research to the scientific understanding of the 
Prize topic. 


6. 






uons of higher education and research centers. Nominations 
from individuals or political parties will not be accepted. 


Nominations must give full particulars of the nominees aca- 


H. The nominees will be carefully evaluated by a Selection demic background, experience and publications, as well as 
Committee consisting of internationally recognized specialists copies of his/her educational certificates. Three coloured photos 
in the field. (10xt5cem), the full address and the telephone number of the 

HIL More than one person may share the Prize. 7 nominees are also requested. DEN : 

IV. The winners’ names will be announced in January 1988, and (t Nominations and’ selened publications (ten Sones are eet 


V. The award consists of: senders. 
tA certificate in the name of the winner, containing an 10. All correspondence should be forwarded to: 
abstract of the work that qualified him/her fer the Prize; The General Secretariat of the 
2. A gold commemorative medal; i , , King Faisal International Prize 
3. And a sum of three hundred and fifty thousand Saudi Riyals P.O. Box 22476 
fapproximately US $93 333 ne era ease : s 
(approximately US $93,333). Riyadh 11495, Saudi Arabia 
VE The following nomination procedures must be followed: Telex: 404667 PRIZE S] 


the Prize will be awarded in an official ceremony at the 


sent by registered airmail to the address stated below. 


f a near N a E S ae 8. The latest date for receipt of complete nomination packets is 
headquarters of the King Faisal Foundation in Riyadh, Saudi July 25 1987 F l g 
Arabia. P E AS : J yids i 
9. No nomination papers or works will be returned to the 


1. A nominee must have accomplished outstanding academic 
work or research on the subject of the Prize topic, benefiting 
mankind and enriching human progress. 


Mammography 
can detect 
breast cancers 
even smaller 
than the hand 















PH.D. SCIENTIST- 
TRANSFUSION 
DIAGNOSTICS 


Currently the fastest growing segment of the $3.8 billion 





can feel. | 


Low-dose breast x-ray, 
mammography, is giving hope 
that the leading cause of cancer 
deaths in women will be greatly 
diminished. 

We urge women without 
symptoms of breast cancer, ages 
35 to 39, to have one mammo- 
gram for the record, women 40 


Abbott Laboratories, our world leading Diagnostics Division 
has a history of successes in a variety of testing areas, 
including Hepatitus B, German Measles. and most recently 
AIDS. Now, backed by a management team named one of 
the nation’s 5 best for 1986 by Durs Magazine, we're 
seeking a Ph.D. to further our research efforts as we expand 
on our strong market position in transfusion diagnostics. 


The qualified candidate will have a Ph.D. in Biochemistry, 
immunology, Clinical Chemistry, Microbiology or related 
field, combined with at least 2-3 years clinical or post- 
doctoral training, Further experience in agglutination 
technology, clinical lab/blood bank operations as well as 
immunoassay design also required. 








Abbott is headquartered in an attractive suburban location 






to 49 to have a mammogram l just 30 miles north of Chicago on the Lake Michigan 

every | to 2 years, and women | shoreline. In addition to a superior scientific environment, 

50 and over, one a year. Breast | we offer an excellent salary, and full benefits package that 
ee ithe rat wat el ade fe a includes profit sharing and stock retirement plans. For 
self-examination is also an impor- | confidential consideration, please send your resume with | 
tant health habit and should be i salary history to: Peggy Taylor/ Corporate Placement, 

pra cticed monthly, Ask your | Dept. B/6. Abbott is an affirmative action employer. 


local Cancer Society for free 
leaflets on both subjects. 
The American Cancer 
Society wants you to know. 


AMERICAN CANCER SOCIETY 


c) ABBOTT 


ABBOTT PARK IL 60064 
“HEALTH CARE WORLDWIDE” 


CLINICAL FLOW CYTOMETRY 
Part l: APPLICATIONS AND METHODS 


OCTOBER 12-16, 1987 


MEDICAL COLLEGE OF FENNSYLVANIA 
PHILADELPHIA, PA 


Sponsored by 
SMITH KLINE & FRENCH LABORATORIES 
and 
DEPARTMENT OF MICROBIOLOGY, MEDICAL COLLEGE OF PENNSYLVANIA 


CO- DIRECTORS 
PAUL K. HORAN, Ph.D., Smith Kline & French Laboratories 
. KATHARINE MUIRHEAD, Ph D., Smith Kfine & French Laboratories 


ACADEMIC COORDINATORS 
PAGE MORAHAN, Ph D., Medical College of Pennsylvania 
DONNA MURASKO, Ph.D., Medical College of Pennsylvania 
BARBARA ATKINSON, Ph.D., Medical College of Pennsylvania 


SPECIAL LECTURER 
DR, MELVYN F. GREAVES, institute for Cancer Research, London 


FOCUS Small group laboratory sessions emphasize practical aspects of sample preparation, instrument 
setup, data acquisition, and data analysis for a variety of clinical apptications. 


FACULTY 


Bruce Bagwell, M.D. Ph.D 
L. Scott Cram, Ph.D 
Kenseth Bauer, PhD 
Robert Hoffman, Ph.D 


DATA ANALYSIS METHODS 

CHROMOSOME ANALYSIS 

TISSUE ANALYSIS METHODS 

IMMUNOFLUORESCENCE CONTROLS & 
ANALYSIS 

IMMUNOFLUORESCENCE METHODS 

RETICULOCYTE ANALYSIS 

STANDARDS AND QUALITY CONTROL 

SORTING METHODS 

RARE EVENT ANALYSIS 

co, PhD. ACRIDINE ORANGE METHODOLOGY 

CYTOCHEMISTRY 


Paul Horan, Ph.D 

James Iacobberger, Ph.D 
Katharine Muirhead, PhD 
Betsy Ohlsson- Wilhelm, PRD 
Dan Ryan, M. 
Lita Staiano-C 
Alan Waggoner, Ph D 








COST $625.00 includes laboratory fees, course manual, Category tand Continuisg Education 
redits, continental breakfasts, lunches and bresk refreshments 
MARE CHECKS PAYABLE TO: Ctinical Applications Course. FOMA Inc 








QUESTIONS OR REGISTRATION INFORMATION (MAXIMUM ENROLLMENT: 49 students) 
Dr. Paul Karl Horan 
Deparment of Immanclogy. L307 
Smith Kline & French Laboratories 
109 Swedeland Road 
King of Prussia, PA 19406 
{215} 270d B46 











Assistant 
Professor 


The Division of Hematology Oncology of Chil- 
dren’s Hospital Medical Center, Department of 
Pediatrics, University of Cincinnati has a full-time 
faculty position available at the Assistant Profes- 
sor rank, 






Applicant should have demonstrated capabilities 
and productivity in research and should be board 
certified or eligible. Emphasis on clinical patient 
care (inpatient and outpatient), on laboratory re- 
search associated with patient care, and teach- 
ing responsibilities. 


Send letter of interest and copy of current CV to: 


Beatrice C. Lampkin, MD 
Professor of Pediatrics 


Division 
CHILDREN’S HOSPITAL 
MEDICAL CENTER 


Cincinnati, Ohio 45229-2899 





Telephone (513) 559-4266 


An Equal Opportunity Empleyer Me} 





Children’s Hospital Medical Center 






















Director Hematology/Oncology 











CLINCAL FLOW CYTOMETRY 
Part i: INTERPRETATION AND CLINICAL CORRELATION 


OCTOBER 16-18, 1987 


MEDICAL COLLEGE OF PENNSYLY ANIA 
FHELADELPHIA, PA 


Sponsored by 
SMITH KLINE & FRENCH LABORATORIES 
and 
DEPARTMENT OF MICROBIOLOGY. MEDICAL COLLEGE OF PENNSYLVANIA 


CO-DIRECTORS 
PAUL K. HORAN, PhD., Smith Kiar & French Laboratories 
RAUL BRAYLAN, M.D., University of Florida, Gainesville 


ACADEMIC COORDINATORS 
PAGE MORAHAN, Ph.D., Medical College of Pennsylvania 
DONNA MURASKO, Ph.D., Medical College of Peonsylvania 
BARBARA ATKINSON, PhD., Medical College of Pennsylvania 


FOCUS Small group CPC sessions emphasize correlation of flow cytometric test results with clinical 
status. Faculty members will present case studies and participants are encouraged to bring 
their own cases for discussion. Dewils of test methodology and instrumentation will nut be 
covered in these sessions 


PREREQUISITES 
L Previous attendance at Part I or equivalent experience in flow cytometry 
2. Strong background in Pathology 


FACULTY 


Dr. Robert Badalament BLADDER CANCER 

Ds. Rau} Braylan LYMPHOMA 

Or. Lawrence Corash PLATELET DISORDERS. 

Dr. Ricardo Duque LEUKEMIA AND IMMUNE DEFICIENCY 
DISEASES 


Dr. Marta Reber BREAST CANCER 









COST $300.00 includes laboratory fees, course manual, Category T and Ce: 
continental breaxfasts, Iuackes and break refreshi 
MARE CHECKS PAYABLE TO Clinical imerpeetat 


tinving Education credits, 
urse, FEMA fre 


QUESTIONS OR REGISTRATION INFORMATION (MAXIMUM ENROLLMENT 
Dr. Paul Kari Horan 
Department of bemunology, L102 
Smith Kine & French Laboratories 
709 Swedeland Road 
King of Prossia, PA 19406 
(243) 270-4846 












BOARD REVIEW COURSE 
IN MEDICAL ONCOLOGY 


The George Washington University 
Medical Center 
Washington, DC 


October 14-18, 1987 








The Division of Hematology and Oncology of | 
the George Washington University Medica! | 
Center is pleased to announce this course to be 
held at the Omni Shoreham Hotel, October) 
14-18, 1987, in downtown Washington, DC | 











Designed to meet the needs of physicia | 
planning to take the medical oncology boar | 
this course will be a valuable update on thy 
recent advances in oncology. It will satisfy t^] 
requirements for up to 37 hours of categor: J 
AMA credit. The course director is Phi 
Cohen, M.D. 



















For further information and registration, con: 
tact: Greg P. Thomas, Office of Continuin| 
Medical Education, 2300 K Street, N.W, 
Washington, DC 20037; (202) 994-4285. ] 









! POSTDOCTORAL FELLOWS 
IN TRANSFUSION MEDICINE 


The Blood Center of Southeastern Wisconsin 
offers a training program for physicians 

į interested in a career in blood transfusion 
medicine. Trainees receive instruction in 
immunohematology, immunogenetics, trans- 
| plantation, immunology, and hemostasis. 
Clinical rotations on a hematology /oncology 
and coagulation services can be arranged. 
The trainees participate in teaching activities 
and gain experience in the administrative as- 
pects of blood banking. Opportunities for ba- 
sic and applied research in transfusion thera- 
py, platelet immunology and physiology and 
hemostasis are available. Board certification 
or eligibility in hematology/oncology or 
clinical pathology is required. Positions are 
available starting July 1, 1988. Send CV to Jay 
f Menitove, M.D., Medical Director, The Blood 
į Center of Southeastern Wisconsin, Inc., 1701 
West Wisconsin Avenue, Milwaukee, WI 
53233. 










_ An Italian pharmaceutical subsidiary of one of 
the largest industrial groups in the world has 
available several positions in the area of 






PLASMA PROTEIN FRACTIONATION 






{oL One of the candidates should be experienced in industrial 
protein fractionation technology and preferably with 
managerial background. This person will be responsible 
for the technical organization and management of a 
Plasma fractionation plant. 







ts 


. Several junior positions are also opened in the field of 

‘protein biochemistry and fractionation of plasma proteins 
. + and coagulation factors. These candidates should have 2-4 
"years of experience in these fields or equivalent. 







-` The stipends will be commensurate with experience and 
“responsibility. 









_ The company will consider transport expenses as well as 
initial accommodations. 






Knowledge of the Italian language is not necessary. 






Phe candidates should submit a detailed “curriculum 
e” including past experience and the names of three 
| referees to... 











Blood—6-87 
P.O. Box 308 
Park Ridge, NJ 07656 






























FACULTY POSITION— 
HEMATOLOGY 





Department of Medicine, The Milton 
S. Hershey Medical Center of The 
Pennsylvania State University seeks 
full-time board certified internist / 
hematologist at Assistant Professor 
level for teaching and patient care 
responsibilities, and for active par- 
ticipation in multidisciplinary AIDS 
research program. Send C.V. by Sep- 
tember 1, 1987, to Box B, Chief, 
Division of Hematology, The Milton S. 
Hershey Medical Center, P.O. Box 
850, Hershey, PA. 


Equal Opportunity/Affirmative Action Employer. 





PEDIATRIC HEMATOLOGIST/ 
ONCOLOGIST: Two positions 
available at the Assistant Profes- 
sor/Associate Professor level in the 
Division of Hematology/Oncology, 
Children’s Memorial Hospital. De- 
partment of Pediatrics, Northwest- 
ern University Medical School. 
Responsibilities include patient 
care, teaching and clinical/basic 
research with emphasis in oncology 
and/or coagulation disorders. 
Reply: James A. Stockman IM, 
M.D., Chairman, Department of 
Pediatrics, Children’s Memorial 
Hospital, 2300 Children’s Plaza, Chi- 
cago, IL 60614. 
Children’s Memorial Hospital and 


Northwestern University Medical School 
are Equal Opportunity Employers. 












New in 1987! 


TRANSFUSION MEDICINE 
REVIEWS 


Editor-in-Chief 


Morris A. Blajchman, M.D., F.R.C.P. (C) 


Volume 1, 1987 (First issue, March) 
Published 3 times in 1987, subsequently, 
quarterly, approx. 216 pages in 1987, 
approx. 288 pages in subsequent years 
Annual subscription rate, U.S.A. and Canada: 
$39.00 individuals/$51.00 institutions 
(All other countries: $56.00) 

ISSN: 0887-7963 

Journal orders must be paid in advance. 
Individual journal orders must be paid by 
personal check or credit card. 


This new journal provides an international forum for the 
publication of timely review articles on the most important 


clinical and research topics in transfusion medicine. The scope of 


the journal covers all basic science and practical aspects in the 
field. 

Invited articles, written by acknowledged authorities, will discuss 
concepts of immunology, protein chemistry. genetics, molecular 
and cellular biology, microbiology, immunohematology, blood 
banking, clinical laboratory developments, and other important 
issues. 

Interested contributors should submit an outline of their pro- 
posed articles and a tentative submission date to: 

Dr. Morris A. Blajchman, Editor-in-Chief 

‘Transfusion Medicine Reviews 

Department of Pathology 

MeMaster University Medical Centre 

1200 Main Street West 

Hamilton, Ontario, Canada L8N 323 

Transfusion Medicine Reviews will be an authoritative jour- 
nal for hematologists, technologists, nurses, and other scientific 
personnel involved in the provision of blood products. Medical 
students, residents, and fellows interested in transfusion medi- 
cine will find this a primary source of information for important 
issues in the field. 

Scheduled topics for Vol. 1, 1987: 





e The association of blood group antigens with red cel mem- 
brane glycoproteins. David J. Ansiee. 

è The effects of red cell antigens and blood transfusion on renal 
transplantation. Morris A. Blajchman 

* The role of the hematocrit in bleeding. Bernard Boneu (with F 
Fernandez} 


For fastest service with credit card orders 
CALL TOLL FREE 


BOOKS: 1-800-468-8671 


Monday-Friday between 8:30 a.m. and 5:00 
p.m. Within Florida Call 1-305-345-4212. 


JOURNALS: 1-800-654-2452 


Monday-Friday between 8:00 a.m. and 4:30 


check (© Visa 
one box C) MasterCard 


Expiration Date (Mo. Yr.) 














* Complications associated with apheresis procedures. Marc 
Boogaerts 

* Controversies in the use of Rh immunoglobulin in the preven- 
tion of Rh alloimmunization. LM. Bowman 

* The significance of complement on the red cell surface. John J. 
Freedman 

* The significance of IgG on the red cell surface. George Garratts 

* The role of platelet g ycoproteins in platelet function. James M 
George 

è Putative mechanisms of the Factor VII bypass activity of Factor IX 
concentrates, Alan Ges 

* Transfusion associated AIDS. Jerome E. Greapman 

* The Factor VHE molecule-new perspectives. Leon W Hover 

© The use of intravenous IgG in the treatment of immune 
disorders. John Keltoa 

ù The significance of reticuloendothelial function in the bnmune 
destruction of blood cells. John Kelton 

* Immunogenicity of platelet membrane glycoproteins. Tom 
Kunicki 

* Treatment of patients with Factor VHE antibodies. Jeanne M. 
Lusher 

* Recent Developments in the Kell blood group system. HE 
Laurence Marsh 

ù White cell antigens and antibodies. J Jeffrey McCullough 

* The similarities amongst the factors affecting the successful 
storage of platelets and red cells. Scott Murphy 

* ABO and Lewis antigens in tissues. Raphael Oriol 

* The immunohematological complications of bone marrow 
transplantation. Lawrence D. Petz. 

* The use of blood products for the support of bone marrow 
transplant recipients. Sherrill J. Slichter 





GRUNE & STRATTON, INC. Harcourt Brace Jovanovich, Publishers 53017 
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